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PREFACE. 


The  excellence  of  the  series  of  monographs  issued  under  the  editor- 
ship of  Professor  Nothnagel  has  been  recognized  by  all  who  are  suffi- 
ciently familiar  with  German  to  read  these  works,  and  the  series  has 
found  a  not  inconsiderable  proportion  of  its  distribution  in  this  and 
other  English-speaking  countries.  I  have  so  often  heard  regret  expressed 
by  those  whose  lack  of  familiarity  with  German  kept  these  works  beyond 
their  reach,  that  I  was  glad  of  the  opportunity  to  assist  in  the  bringing 
out  of  an  English  edition.  It  was  especially  gratifying  to  find  that  the 
prominent  specialists  who  were  invited  to  co-operate  by  editing  separate 
volumes  were  as  interested  as  myself  in  the  matter  of  publication  of  an 
English  edition.  These  editors  have  been  requested  to  make  such  addi- 
tions to  the  original  articles  as  seem  necessary  to  them  to  bring  the 
articles  fully  up  to  date  and  at  the  same  time  to  adapt  them  thoroughly 
to  the  American  or  English  reader.  The  names  of  the  editors  alone 
suffi.ce  to  assure  the  profession  that  in  the  additions  there  will  be  pre- 
served the  same  high  standard  of  excellence  that  has  been  so  conspicuous 
a  feature  in  the  original  German  articles. 

In  all  cases  the  German  author  has  been  consulted  with  regard  to  the 
publication  of  this  edition  of  his  work,  and  has  given  specific  consent. 
In  one  case  only  it  was  unfortunately  necessary  to  substitute  for  the 
translation  of  the  German  article  an  entirely  new  one  by  an  American 
author,  on  account  of  a  previous  arrangement  of  the  German  author  to 
issue  a  translation  of  his  article  separately  from  this  series.  With  this 
exception  the  Nothnagel  series  will  be  presented  intact. 

ALFRED  STENGEL. 


EDITOR'S    PREFACE. 


It  has  been  a  most  congenial  and  profitable  task  that  the  distin- 
guished editor  of  the  American  edition  of  Nothnagel's  renowned 
System  of  Medicine  put  upon  the  writer.  Fortunately  for  him,  the 
eminent  authors  of  the  valuable  monographs  which  make  up  this 
volume  have  by  their  breadth  of  learning,  their  exhaustive  research, 
and,  above  all,  by  their  extensive  practical  experience,  made  their 
essays  so  complete  that  he  found  but  little  to  add.  These  additions 
include,  among  other  things,  some  new  matter  on  the  anatomy  and 
physiology  of  the  bronchi;  on  foreign  bodies  in  these  tubes;  on  the 
pathology  and  bacteriology  of  bronchitis,  and  on  the  treatment  of 
this  affection.  The  reader  will  also  find  an  account  of  the  more 
recent  researches  on  fibrinous  bronchitis,  or  bronchiectasis,  and  on 
eosinophilia  in  asthma,  as  well  as  of  Fraenkel's  researches  in  the 
latter  affection. 

In  the  part  on  the  Inflammations  of  the  Lungs  the  wTiter  upholds 
the  view  that  pneumonia  is  the  expression  of  a  general  pneumococ- 
cus  infection,  that  the  local  pulmonary  lesion  is  not  a  necessary  part 
of  the  infectious  process,  and  that  the  danger  from  this  lesion  is  not 
as  great  as  the  clanger  from  the  toxemia.  The  recent  work  by 
Hutchinson  and  other  authorities  on  the  blood  and  on  the  urine  in 
pneumonia  has  been  incorporated,  we  trust  with  profit.  The  com- 
plications, prognosis,  and  treatment  of  this  infection  have  been 
reconsidered,  and  the  bacteriology  of  catarrhal  pneumonia  reviewed. 
The  surgical  treatment  of  abscess,  gangrene,  and  other  pulmonary 
conditions  is  brought  up  to  date,  and  the  author's  views  are  emphat- 
ically indorsed.  The  employment  of  modern  means  of  research, 
especially  the  use  of  the  Rontgen  ra3"s  for  purposes  of  diagnosis,  has 
been  referred  to  and  their  sphere  of  usefulness  defined. 

In  the  section  on  Pleiu-isy  "^-ill  be  found  an  accoimt  of  the  more 
recent  bacteriologic  studies ;  and  notwithstanding  the  eminent 
author's  forceful  plea  for  the  state  of  the  soil — the  tissues — as  the 
essential  factor  in  the  etiology,  we  beheve  that  the  invading  micro- 
organisms must  also  be  reckoned  with  in  the  pathology,  diagnosis, 
and  treatment  of  this  affection.  Here,  too,  will  be  foimd  references 
to  the  recent  studies  of  Morse  on  the  leucocytes  in  plem-isy,  to  those 
of  Wilhams  and  others  on  X-ray  diagnosis,  to  the  Litten  phenome- 
non, and  to  other  minor  clinical  facts. 

With  these  additions  it  is  hoped  that  the  present  volume  will 
prove  as  valuable  to  us  as  to  our  colleagues  on  the  Continent,  and 
that  thereby  German  Medicine  will  again  receive  the  encomiums  so 
willingly  extended  to  it  in  the  past  by  the  English  reading  profession. 

John  Herr  Mcsser. 
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BY 

FRIEDRICH    A.    HOFFMANN,    M.D. 


THE  BRONCHL 


ANATOMY  AND  PHYSIOLOGY  OF  THE  BRONCHI. 

At  the  level  of  the  fifth  thoracic  vertebra,  as  seen  from  behind, 
and  of  the  second  *  intercostal  space,  as  seen  from  in  front,  the  trachea 
dix-ides  into  its  two  main  bronchi.  The  right  bronchus  is  2.4  cm. 
long,  has  a  diameter  of  2.3  cm.,  and  shows  six  to  eight  plates  of  car- 
tilage; the  left  is  5.1  cm.  long,  has  a  diameter  of  2  cm.,  and  shows  nine 
to  twelve  plates  of  cartilage. f  Both  bronchi  run  sharply  outward  and 
downward,  each  into  its  own  lung.  The  right  runs  under  the  arch 
formed  by  the  vena  azygos  as  it  turns  forward  from  the  posterior 
chest-wall  to  the  vena  cava  superior;  the  left,  under  the  arch  of  the 
aorta.  It  may  now  be  assumed,  from  the  results  of  the  investiga- 
tions of  Aeby,  that  each  bronchus  represents  a  trunk,  which,  becom- 
ing gradually  thinner,  gives  off  numerous  branches,  and  ma}'  be  fol- 
lowed as  the  main  trunk  to  the  finest  di^isions  of  the  lowest  and  most 
posterior  parts  of  each  of  the  apices  of  the  lungs.  So  each  lung  has 
a  main  bronchus  which  ramifies  through  it  from  the  hilus  to  the 
neighborhood  of  the  diaphragm.  Practical  anatomists  understand 
under  the  name  main  bronchus,  however,  only  that  part  which  ex- 
tends from  the  bifurcation  of  the  trachea  to  the  point  where  the 
first  lateral  branches  are  given  off.  In  reality  the  main  bronchus  in 
its  narrower  portions  cannot,  without  special  methods,  be  distin- 
guished from  its  branches ;  we  therefore  follow  the  old  classification, 
and  say  that  the  main  bronchus  has  a  direct  continuation,  from 
which  the  lateral  twigs  are  given  off.  We  name  this  main  bronchus, 
vnth  its  continuation,  the  bronchial  trunk. 

The  right  bronchus  has  a  more  nearly  A^ertical  course  than  the 
left,  and  a  horizontal  section  through  the  lung  therefore  presents  it 
more  in  cross-section,  while  the  left  is  cut  more  longitudinally.  The 
right  bronchus  extends  forward  to  the  right  pulmonary  artery;  it  is 
separated  from  the  esophagus  and  from  the  right  vagus  by  one  or 
several  lymph-glands.  The  left  bronchus  extends  forward  close  to 
the  left  auricle,  and  the  left  pulmonary  artery  runs  obliquely  out- 
ward in  front  of  it.  Behind  it  lies  the  aorta  descendens;  above, 
the  arch  of  the  aorta;  between  it  and  the  aorta  descendens  runs  the 

*  As  shown  in  Braune's  Atlas. 

t  Reckoned  according  to  Henle,  "  Eingeweidelehre." 
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left  vagus,  while  to  the  outer  side  lie  lymph-glancls  and  large  branches 
of  the  pulmonary  artery.  It  is  not  quite  contiguous  to  the  esophagus, 
but  is  separated  from  it  by  small  lymph-glands.  At  its  origin,  how- 
ever, it  lies  adjacent  to  the  esophagus. 

The  first  branches  of  the  bronchial  trunk  are  given  off  at  right 
angles;  indeed,  all  the  bronchi  are  branches  and  sub-branches  of  the 
two  bronchial  trunks. 

Aeby  called  attention  to  a  very  important  point  when  he  studied 
the  relations  of  the  bronchi  to  the  pulmonary  arteries  in  man  and 
man}'  animals.     The  pulmonary  arteries  are  found  on  the  posterior 

aspect  of  the  bronchi;  hence  each 
principal  arterial  branch,  in  order 
to  reach  the  bronchi,  must  cross  the 
bronchial  tree.  On  the  left  side  the 
artery  crosses  the  main  bronchus; 
on  the  right  side,  the  artery  crosses 
the  bronchial  trunk  be^'ond  the  point 
where  the  first  branch  is  giA'en  off. 
This  relation,  which  is  illustrated  in 
the  accompanying  diagram  (Fig.  1), 
Aeby  declares  to  be  a  ver}''  important 
one;  the  lateral  branch  given  off 
above  the  crossing  is  called  eparte- 
rial,  while  all  the  others,  which  are 
given  off  beyond  the  crossing,  are 
known  as  hyparterial  branches.  In 
the  normal  human  subject  there  is 
one  eparterial  bronchus,  Avhich  is  on 
the  right  side  of  the  body ;  all  other 
bronchi  are  hyparterial.  The  hyp- 
arterial  branches  are  given  off  in  two 
rows  along  the  main  stem,  one  dorsal 
and  one  ventral.  But  these  two  rows 
are  not  exactly  opposite  each  other, 
the  ventral  being  somewhat  more 
external  and  posterior,  and  thus 
crowding  the  dorsal. 

The  greater  portion  of  the  per- 
iphery of  the  broncliial  trunk  is  free  from  branches,  internally  and 
anteriorly,  and,  in  general,  the  dorsal  bronchi  are  shorter  and  smaller 
than  the  ventral.  This  explains  the  fact  that  the  bronchial  trunk 
has  far  more  lung  tissue  Ijdng  on  its  external  and  ventral,  than  on 
its  internal  and  dorsal,  sides. 

The  lateral  bronchi  have  mostly  a  descending  course,  becoming 
more  and  more  ATrtical.  The  eparterial  branch  is  given  off  about 
midway  between  the  bifurcation  and  the  origin  of  the  first  hypar- 
terial branch,  but  its  position  is  very  variable,  and  it  may  even  arise 
from  the  trachea ;  in  this  way  Aeby  explains  the  rare  cases  of  trif ur- 


FiG.  1. — a,  a,  Arterise  pulmonales ;  h,  c, 
Tight  and  left  bronchial  trunk;  d,  cardiac 
bronchus  ;  e,  e,  e,  ventral  hyparterial  side- 
bronchi  ;  /,  /,  /,  dorsal  hyparterial  side-bronchi ; 
g,  eparterial  bronchus. 
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cation  of  the  trachea.  The  hyparterial  brcjnchi  are  quite  symmetric, 
and  present  on  each  side  four  ^'entral  and  four  dorsal  brandies.  On 
the  right,  however,  a  remarkable  bronchus  is  very  constantly  found 
between  the  first  and  second  dorsal  branches;  it  is  called  the  heart 
bronchus  because  its  analogue  in  animals  leads  to  a  special  lobe  of 
the  lung,  the  heart  lobe.  In  man  it  branches  in  the  inner  and  ante- 
rior portion  of  the  lower  lobe  of  the  right  lung,  which  lies  next  to 
the  heart.  The  manner  in  which  the  bronchi  divide  has  caused  an 
anterior  and  a  posterior  (also  ventral  and  dorsal)  system  to  be  dis- 
tinguished, with  ascending  and  descending  branches  in  each.  The 
former  correspond  to  the  portion  of  the  lung  the  motion  of  which 
is  relatively  slight  and  wliich  extends  backward  and  downward; 
the  latter  to  the  movable  anterior  and  peripheral  portions  of  the 
lungs. 

The  cross-section  of  the  trachea*  is  smallest  just  mider  the  larynx 
and  increases  steadily  do^Mi  to  about  the  center  of  the  tube,  where 
it  reaches  its  maximum  size.  Then  it  decreases  in  size  until  it  reaches 
a  point  3  cm.  above  the  bifurcation ;  it  then  increases  again  up  to  the 
point  where  it  di\TLdes  into  the  bronchi.  This  peculiar  variation  is 
repeated  in  the  bronchi,  so  that  the  air-current  undoubtedly  enters 
-with  a  marked  rotator}^  motion.  The  cross-section  of  the  right 
bronchus  is  larger  than  that  of  the  left  (the  proportion  is  about  100  : 
77.5).  The  sum  of  the  cross-sections  of  the  two  bronclii  at  the  point 
of  bifurcation  is  greater  than  the  sum  of  the  cross-sections  of  all 
their  branches.  The  left  bronchus  is  diminished  up  to  the  point 
where  the  branches  are  given  off.  In  general  the  size  of  the  cross- 
section  of  a  bronchus  depends  upon  the  size  of  the  column  of  air 
which  passes  through  it.  Lung  emphysema  causes  an  increase  in 
size,  w^hile  pleural  adhesions  cause  a  narrowing  of  the  lumen. 

Further  details  we  owe  to  Hasse.f 

[The  conclusions  arrived  at  by  Aeby  in  regard  to  the  asymmetry 
of  the  lungs,  which  had  won  general  acceptance  and  found  their  way 
into  most  of  the  current  text-books  on  anatom}^,  have  been  called 
in  question  by  Himtingdon.l  He  suggests  that  the  left  upper  lobe 
is  the  equivalent  of  the  right  upper  and  middle  lobes,  the  eparterial 
bronchus  on  the  right  side  being  the  morphologic  equivalent  of  the 
upper  segment  of  the  first  secondary  bronchus  given  off  on  the  left 
side ;  the  next  ventral  branch  on  the  right  side  being  the  equivalent 
of  the  lower  segment  of  the  first  secondary  bronchus  on  the  left  side. 
Other^-ise,  the  di^dsions  of  the  bronchi  are  the  same  on  both  sides, 
with  the  exception  of  the  cardiac  bronchus,  which  is  always  found  on 
the  right  side. 

Aeby's  hypothesis  of  the  morphologic  equivalence  of  the  middle 

*Braune  and  Stahel,  Archiv  fur  Anatomie  und  Physioloqie ,  1886. 
t  Archiv  filr  Anatomie  und  Physiologie,  anatom.  Abtheilung,  1892. 
f'The  Eparterial  Bronchial  Svstem  of  the  Mammalia,"  Geo.  S.  Huntingdon, 
Annals  N.  Y.  Acad.  Sci.,  xi,  Xo.  S,  1898. 
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right  and  upper  left  lobe  of  the  human  lung  is  therefore  incorrect. 
The  proposition  should  read: 

Right  Side.  Left  Side. 

Upper  +  middle  lobe      =     upper  lobe. 
Lower  -\-  cardiac  lobe     =     lower  lobe. 

Except  for  purposes  of  topography,  the  distinction  of  eparterial 
and  hyparterial  bronchi  should  be  abandoned,  at  least  to  the  extent 
of  clearly  recognizing  the  fact  that  in  a  symmetric  lung  every  right 
"eparterial"  bronchus  finds  its  morphologic  equivalent  among  the 
hyparterial  bronchi  of  the  left  side.  The  di^dsions  of  the  bronchial 
tree  are  described  by  Huntingdon  as  "practically  clichotomous. " 

The  relations  of  the  trachea  and  bronchi  to  the  thoracic  walls 

have  recently  been  worked  out  with  the  aid  of  the  Rontgen  raj^s  by 
Blake.* 

For  convenience  in  description  the  following  perpendicular  lines  are 
taken : 

1.  The  median  line. 

2.  The  sternal  line,  along  the  border  of  the  sternum. 

3.  The  mammillary  line,  through  the  nipple. 

4.  The  parasternal  line,  midway  between  the  sternal  and  the  mam- 
millary line. 

The  trachea,  which  is  in  the  median  line  at  the  lower  part  of  the 
neck,  lies  in  the  right  sternal  line  at  its  bifurcation,  which  corre- 
sponds to  the  right  side  of  the  center  of  the  vertebrae  posteriorly. 
The  deviation  of  the  trachea  is  caused  by  the  aorta,  which  crowds 
it  to  the  right  side.  It  bifurcates  at  about  the  level  of  the  inter- 
vertebral disc  between  the  fourth  and  fifth  thoracic  vertebrae,  which 
corresponds  nearly  in  level  to  the  tip  of  the  fourth  thoracic  spine. 
This  point  is  not  absolute,  as  it  is  influenced  by  the  respiratory  move- 
ments and  b}^  the  position  of  the  neck  and  head.  In  the  adult  it  is 
below  the  level  of  the  scapular  spine;  on  the  anterior  wall  it  is  just 
internal  to  the  junction  of  the  lower  border  of  the  second  costal  carti- 
lage with  the  sternum.  In  the  child,  on  account  of  the  horizontal 
direction  of  the  ribs,  and  the  consequent  greater  height  of  the  sternum 
relative  to  the  vertebrae,  the  point  of  bifurcation  is  under  the  right 
border  of  the  sternum  at  the  level  of  the  third  costal  cartilage. 

The  stem  bronchi,  beginning  at  the  bifurcation,  end  or  become  so 
small  as  to  be  negligible  opposite  a  point  on  the  posterior  thoracic 
wall  at  the  eighth  rib,  situated,  in  the  adult,  on  the  left  side  three 
inches,  and  on  the  right  side  two  inches,  from  the  vertebral  spine ;  in 
the  child  one  and  one-half  inches  and  one  inch,  respectively.  On  the 
anterior  thoracic  wall  these  points  are  situated,  on  the  left  side,  at  the 

*"The  Relation  of  the  Trachea  and  Bronchi  to  the  Thoracic  Walls,  as  Deter- 
mined by  the  Rontgen  Rays,"  by  Joseph  A.  Blake,  M.D.,  The  American  Journal  of  the 
Medical  Sciences,  March,  1899. 
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fifth  rib  just  internal  to  the  nianiniillaiy  line;  on  the  right  side,  at  the 
fifth  rib  in  the  jjarasternal  lin(\ 

Tli(^  course  of  the  primary  or  stem  bronchi  in  relation  to  the 
posterior  and  anterior  walls  is  as  follows: 

On  the  posterior  wall,  in  the  adult,  the  course  of  the  left  bronchus 
is  from  a  point  to  the  right  of  the  fourth  thoracic  spine  to  a  point  on 
the  (Mghth  rib,  three  inches  to  the  left  of  the  spine.  The  course  of  the 
right  bronchus  is  from  the  same  point  above  to  a  point  on  the  eighth 
rib,  two  inches  to  the  right  of  the  spine. 

On  the  anterior  wall  in  the  adult  the  course  of  the  left  bronchus 
is  from  the  lower  part  of  the  second  right  chondrosternal  articula- 
tion to  a  point  on  the  fifth  rilD,  just  internal  to  the  mammillar}'  line; 
and  of  the  right  bronchus  from  the  same  point  abo^'e  to  the  inter- 
section of  the  fifth  rib  with  the  parasternal  line. 

In  children  the  point  of  commencement  of  the  bronchi  is  opposite 
the  third  chondrosternal  articulation;  otherwise  the  course  is  the 
same  as  in  the  adult,  due  allowance  being  made  in  the  distance  of 
their  termination  from  the  vertebral  spines  posteriorly.  In  com- 
paring the  direction  of  the  two  bronchial  trunks,  the  right  is  seen 
to  correspond  very  closely  with  that  of  the  trachea,  wliile  the  left 
diverges  markedly. 

The  relations  of  the  first  branches  of  the  stem  bronchi  are  ap- 
proximately as  follows,  their  position  in  regard  to  the  chest-wall 
being  influenced  b}^  the  same  factors  wliich  affect  the  position  of  the 
tracheal  bifurcation: 

The  eparterial  bronchus  is  given  off  at  the  level  of  the  lower  part 
of  the  second  interspace  or  the  third  cartilage  anteriorly,  and  at  the 
level  of  the  fifth  space  or  sixth  rib  posteriorly.  The  first  branch  from 
the  left  bronchus  is  given  off  at  the  level  of  the  third  space  or  fourth 
cartilage  anteriorly,  and  at  the  level  of  the  sixth  interspace  or  seventh 
rib  posteriorly.  These  points  may  also  be  determined  by  measm-e- 
ments,  the  eparterial  bronchus  arising  one  inch,  the  first  branch  from 
the  left  bronchus  two  inches,  from  the  tracheal  bifurcation. 

The  points  of  origin  of  the  first  branches  on  the  two  sides  differ 
greatly  as  to  their  distance  from  the  median  line,  being  anteriorly  on 
the  left  side  in  the  parasternal  line,  on  the  right  midway  between  the 
sternal  and  parasternal  lines ;  while  posteriorly  the  point  of  origin  of 
the  eparterial  bronchus  is  at  the  right  border  of  the  vertebral  column, 
that  of  the  first  branch  from  the  left  bronchus  being  two  and  a  half 
inches  from  the  spines  of  the  vertebrte. — Ed.] 

The  eparterial  bronchus  of  the  right  side  supplies  the  upper  lobe 
of  the  right  lung ;  the  first  ventral  hyparterial  bronchus  is  for  the 
middle  lobe ;  the  other  ventral  as  well  as  all  the  dorsal  hyparterial 
branches  go  to  the  lower  lobe.  On  the  left  side  the  first  ventral 
hyparterial  branch  goes  to  the  upper  lobe. 

Physiologically  considered,  the  two  lungs  may  be  reduced  to  two 
cones,  the  apices  of  which  both  point  inward,  while  the  base  of  the 
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upper  turns  upward  and  forward,  that  of  the  lower  outward  and  back- 
ward. 

From  the  lateral  bronchi  arise  the  secondary  bronchi,  w^hich  bear 
the  same  relation  to  the  lateral  bronchi  that  these  do  to  the  bronchial 
trunk. 

[The  successive  di^'isions  of  the  bronchial  tree  are  therefore  as 
follows:  (1)  Main  trunk;  (2)  primary  bronchi  or  first  lateral  branches; 
(3)  secondary  bronchi,  given  off  from  lateral  branches;  (4)  tertiary 
bronchi,  branches  of  secondary  ("bronchus  respiratorius  "  or  "bron- 
chial tube ") ;  (5)  terminal  bronchus  (ductulus  alveolaris),  the  con- 
tinuation of  a  tertiary  bronchus. 

W.  S.  Miller  has  recently  made  a  careful  study  of  the  terminal 
relations  of  the  bronchial  tree  to  the  pulmonary  tissue,  the  results 
of  which  were  published  in  the  "ArchiA'  fiir  Anatomie  und  Physio- 
logie,"  1900.  According  to  his  description,  the  last  cli\asion  of  the 
bronchus,  before  breaking  up  into  the  parenchyma  of  the  lung,  is 
known  as  the  "terminal  bronchus"  (ductulus  alveolaris).  The  distal 
extremity  of  each  terminal  bronchus  widens  out  into  an  expansion 
in  the  walls  of  wliich  are  three  to  five  circular  openings  which  com- 
municate by  a  short  passage  with  a  space  or  cavity — the  "atrium." 
A  second  passage  leads  from  the  latter  into  a  second  central  cavity, 
the  air-sac,  or  infundibulum,  which  is  set  about  with  small  irregular 
cells,  the  air-cells  or  alveoli.  From  this  description  it  will  be  seen 
that  the  air-sacs  do  not  communicate  directly  with  the  terminal 
bronchus,  as  was  formerly  described,  but  between  each  air-sac  and 
terminal  bronchus  there  is  a  cavity,  constant  in  all  portions  of  the 
lung,  for  which  Miller  suggests  the  term  "atrium." 

The  terminal  bronchus  has  an  average  diameter  of  0.4  mm. ;  its 
walls  contain  abundant  masses  of  smooth  muscle-fibers  and  are  lined 
with  cylindric  epithelium.  A  ring  of  unstriped  fibers,  resembling  a 
sphincter,  also  surrounds  the  openings  leading  into  the  atria;  but 
be^^ond  this  point  no  muscular  tissue  is  found  in  the  parenchj-ma  of 
the  lobule. 

The  atria  have  an  average  diameter  of  0.28  mm.,  and  are  to  be 
distinguished  from  the  terminal  bronchi  by  the  absence  of  smooth 
muscle-fibers  and  the  change  which  takes  place  in  the  epithelium; 
that  of  the  terminal  bronchi  being  cuboidal,  while  that  of  the  atria 
is  flat  pavement  epithelium.  The  diameter  of  the  atrium  is  slightly 
more  than  half  that  of  the  air-sac  or  infundibulum,  which  is  0.41  mm. ; 
and,  unlike  the  latter,  each  atrium  has  three  or  more  openings:  one 
communicating  with  the  terminal  bronchus,  the  remaining  ones  with 
air-sacs.  The  air-sac,  on  the  other  hand,  has  only  a  single  opening, 
that  by  which  it  commimicates  with  the  atrium.  The  walls  of  the 
atrium  resemble  those  of  the  air-sac,  being  thin  and  devoid  of  muscle- 
fibers  and  ha^dng  inclosed  within  them  the  capillary  network  of  blood- 
vessels. 

In  addition  to  the  air-cells  (alveoli)  surrounding  the  air-sacs, 
others  are  found  arising  from  the  atria,  and  yet  othf^rs  clustered  about 
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the  smaller  tertiary  bronchi  and  the  terminal  bronchus.  The  latter 
are  smaller  and  less  numerous  than  those  arising  from  the  atrium  and 
from  the  air-sac.  No  distinction  in  size  has  Ijcen  found  between  the 
air-cells  of  the  atrium  and  those  of  the  air-sac. 

Between  the  air-cells,  on  the  central  side  of  the  air-sac,  the  rahii- 
fications  of  the  pulmonary  artery  are  found;  on  the  peripheral  side 
the  ramifications  of  the  pulmonary  vein  are  seen,  with  its  radicals 
running  over  the  tips  of  the  air-sacs. 

That  air-cells  do  not  communicate  Miller  proved  by  interesting 
injection  experiments  on  a  lung,  one  lobule  of  which  had  been  isolated 
by  dividing  its  bronchial  branch  near  the  trunk.  On  injecting  fluid 
into  the  main  bronchi  it  was  found  that  none  would  pass  to  that  part 
of  the  lung  supplied  by  the  divided  branch;  the  isolated  portion  of 
lung  remained  collapsed  and  sharply  marked  off  from  the  distended 
portion. — Ed.] 

In  the  region  of  the  hilus  of  the  lung  the  bronchial  tree  is  fixed 
by  bands  of  mediastinal  tissue,  designated  by  Teutleben  ligamenta 
suspensoria  diaphragmatis,  which  originate  from  the  lower  cervical  and 
upper  thoracic  vertebrse  on  both  sides  as  thickened  bands  of  fascia 
prcevertebralis,  support  the  root  of  the  lungs,  and,  in  intimate  relation 
with  the  pericardial  sac,  extend  to  the  cUaphragm.* 

The  bronclii,  however,  are  nowhere  fixed  during  respiration ;  even 
the  bifurcation  descends  during  inspiration,  to  rise  again  during 
expiration. 

The  bronchi  become  constantly  narrower  as  more  and  more 
branches  are  given  off;  the  tertiary  branches  still  have  a  diameter  of 
about  4  mm.,  but  toward  the  end  it  becomes  only  0.3  to  0.4  mm.,  and 
so  they  terminate  in  the  infundibula,  the  approach  into  which  from 
the  bronchial  lumen  is  somewhat  constricted,  and  into  which  on  the 
other  side  the  alveoli  open. 

[Brosch  t  reports  a  case  in  which  there  were  peculiar  changes  in 
the  shape  of  the  trachea  and  of  the  main  bronchi.  The  patient  w^as 
a  man,  sixty-three  years  of  age,  who  suffered  from  right-sided  facial 
parah^sis,  aphasia,  and  paralysis  of  the  right  upper  extremity.  He 
had  the  costal  type  of  breathing.  The  laryngeal  cartilage  was  partly 
ossified.  The  transverse  section  of  the  trachea  presented  a  lyre-like 
appearance,  and  the  ends  of  the  tracheal  cartilages  w^re  about  4  cm. 
apart.  This  change  was  present  throughout  the  whole  length  of  the 
trachea,  and  marked  in  the  main  bronchi,  vnih  less  change  in  the 
larger  bronchi,  while  the  smaller  bronchi  showed  a  general  enlarge- 
ment. Longitudinally  the  main  bronchi  w^re  flattened  and  the  pos- 
terior membranous  wall  enormously  stretched.  The  cross-section  of 
the  main  bronchi  was  slit-like.  Brosch  compares  the  picture  to 
that  of  a  strung  bow:  the  cartilage  corresponding  to  the  bow  itself, 

*  Archiv  filr  Anatomie  und  Physiologie ,  anatom.  Abtheilung,  1877. 

t  Deutsches  Archiv  fur  klinische  Medicin,  vol.  Lxviii,  Nos.  3  and  4,  p.  264. 
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and  the  membranous  portion  to  the  bow-string.  The  lumen  of  the 
bronchi  was  very  small,  as  only  the  central  portion  of  the  cartilaginous 
rings  was  convex,  while  the  outer  portion  of  the  rings  was  concave, 
so  that  the  cartilage  and  membranous  portion  of  the  bronchial  wall 
were  united  at  a  yery  acute  angle.  The  circumference  of  the  bronchi 
was  6.5-7.5  cm.  (2.6-3  in.),  while  the  lumen  was  narrowed,  so  that 
Brosch  has  called  this  condition  dilatatio  paradoxa.  The  trachea  was 
lengthened  as  well  as  widened,  and  showed  a  slight  tortuous  curve. 
Brosch  thinks  that  the  change  in  the  bronchi  gave  rise  to  the 
costal  type  of  breathing,  and  thinks  it  probable  that,  together  with 
the  paralysis  already  present,  there  may  have  been  some  affection  of 
the  motor  fibers  of  the  recurrent  nerve  to  account  for  the  change  in 
the  structure  of  the  trachea  and  bronchi. — Ed.] 

The  structure  of  the  main  bronchi  is  quite  similar  to  that  of  the 
trachea;  in  front  we  find  plates  of  cartilage,  which  insure  that  the 
lumen  shall  remain  open,  but  this  protection  is  lacking  in  the  pos- 
terior portion.  In  regard  to  the  finer  histologic  structure  of  the  main 
bronchi,  I  would  only  have  to  repeat  the  description  already  given 
for  the  trachea. 

As  the  diameter  of  the  bronchi  decreases,  the  walls  naturally 
become  thinner  and  more  delicate.  The  epithelial  cells  become  lower 
and  lower,  but  cilia  are  still  present  up  to  near  the  terminal  branches ; 
only  in  the  finest  branches  there  is  found  a  simple  epithelium  of 
cuboidal  cells.  Under  this  is  the  basement  membrane  with  elastic 
fibers,  which  are  partly  circular  and  partly  longitudinal;  then  follows 
the  musculature,  consisting  in  realit}^  of  a  muscular  ring  of  smooth 
muscle-fibers ;  finally,  we  find  an  adventitia  of  connective  tissue  con- 
taining a  small  amount  of  cartilage  and  well-developed  elastic  fibers. 
All  these  layers  are  found,  from  the  largest  bronchi  down  to  the 
smallest,  diminishing  in  size  to  correspond  with  the  size  of  the  bronchi. 

The  first  change  in  the  structure  of  the  bronchial  wall,  as  the  size 
of  the  bronchi  decreases,  concerns  the  plates  of  cartilage,  which,  im- 
mediately after  the  division  of  the  main  bronchus,  become  irregular. 
The  further  we  go,  the  smaller  and  more  irregular  they  become  and 
the  further  outward  they  are  pushed,  until  they  are  present  only  as 
a  smooth  ring  or  half  ring  surrounding  the  mouth  of  a  lateral  twig  or 
supporting  the  fibrous  septum  which  separates  the  two  branches  of  a 
bifurcation.  In  this  form  they  are  still  to  be  found  in  bronchi  of  a 
diameter  of  1  mm.  In  the  places  where  the  bronchi  divide,  the  car- 
tilage is  found  in  the  form  of  a  perfect  crescent,  the  concavity  of 
which  coincides  accurately  with  the  bifurcation,  while  the  convexity 
is  relatively  thicker.     This  fact  has  been  shown  by  King.* 

The  racemose  glands  are  found  singly  as  far  down  as  is  the  carti- 
lage (Henle). 

The  elastic  tissue,  studied  by  means  of  the  orcein  stain,  is  so 
arranged  that  a  considerable  amount  is  found  just  under  the  epithe- 
lium, which  in  thicker  sections  may  appear  like  a  dense  membrane, 

*  Guy's  Hospital  Reports,  Series  i,  vol.  v,  1840. 
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but  in  reality  is  nothing  but  a  network  of  coarse  fibers,  from  which 
other  fibers  ratUate  into  the  underlying  layer  that  contains  the  cir- 
cular nuisclo-fil)ers.  A  robust  layer  of  elastic  fibers  also  surrounds 
each  cartilaginous  plate  and  the  bronchus  itself;  two  or  three  places 
are  found  in  which  the  elastic  tissue  is  collected  into  thick  bundles, 
which  accompany  the  bronchus  along  its  entire  length  (Fig.  2,  c,  c,  c). 
The  smooth  muscle-fibers  are  also  accompanied  by  many  elastic 
fibers,  and  in  orcein  preparations  one  gains  the  impression  that  the 
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Fig.  2. — Cross-section  of  a  normal  bronclius  of  1  mm.  diameter :  a,  a,  Cartilage ;  6,  6,  6,  ring  of  smooth 
muscle  tissue;  c,  c,  c,  lougitudiaal  smooth  muscle-fibers  with  much  elastic  tissue;  d,  d,  glands. 


elastic  fibers  predominate.  Besides  the  circular  fibers  and  the  rare 
bundles  which,  running  more  obliquely,  ascend  from  the  deeper  cell 
layer  to  the  circular  filler  layer,  some  larger  bundles  are  found  coming 
from  the  smooth  muscle-fibers  and  representing  longitudinal  bundles 
of  fibers.  There  are  very  few  glands  to  be  found  in  this  region  of 
the  bronchus,  although  there  is  still  considerable  cartilage,  and  on 
careful  examination  we  find,  in  addition  to  the  large  plates  of  car- 
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tilage,  some  very  small  bits  (Fig.  2,  a,  a) ;  with  the  orcein  stain,  these 
are  completely  covered  b}^  the  large  elastic  fibers,  which  run  through 
and  around  them.  The  abundance  of  small  blood-vessels  just  under 
the  epithelium,  as  well  as  in  the  submucous  tissue,  is  surprising,  but 
it  is  no  less  surprising  that  only  one  large  vessel,  evidently  an  artery, 
is  present;  a  corresponding  vein  is  lacking.  It  is  also  surprising  that 
the  mucous  membrane  is  by  no  means  firmly  attached  to  the  car- 
tilage, but  is  connected  to  it  by  loose  connective  tissue,  through 
which  ramify  many  elastic  fibers  and  large  vessels.  A  considerable 
development  of  lymph-vessels  is  also  present,  so  that  the  mucous 
membrane  is  not  firmly  fixed  to  the  cartilage,  permitting  the  abundant 
layer  of  circular  fibers  which  is  found  here  to  contract  Adgorousl}^ 
on  the  mucosa. 

[Pearce  *  gives  the  following  description  of  the  cUstribution  of 
elastic  tissue  in  the  normal  bronchus,  as  determined  by  the  use  of 
Weigert's  elastic  stain:  In  the  large  bronchi  a  considerable  amount 
is  found  in  the  submucosa  and  in  the  coarse  connective  tissue  about 
the  glands  and  cartilage ;  in  the  submucosa  it  is  found  in  the  loose  con- 
nective tissue  supporting  the  blood-vessels,  appearing  as  a  fine  inter- 
lacing network  which,  near  the  basement  membrane,  shows  a  tendency 
to  longitudinal  arrangement.  A  few  fibrils  often  penetrate  between 
the  acini  of  the  mucous  glands.  About  the  cartilage  coarser,  dense, 
entangled  fibers  are  found,  the  perichondrium  staining  so  intensely 
as  to  appear  composed  almost  entirely  of  elastica.  As  the  bronchi 
become  small,  the  amount  rapidly  diminishes  until  in  the  smallest 
bronchi  it  appears  as  fine,  generally  parallel,  occasionally  branching 
fibers.  In  the  terminal  bronchus  the  fibers  are  few  in  number,  but 
increase  at  the  vestibule,  where  they  form  deeply  staining  varicose 
swellings,  sometimes  appearing  as  small  oval  or  round  knobs  of 
interlacing  fibers. — Ed.] 

I  would  also  call  attention  to  the  mucus  which  covers  the  epithelial 
cells.  It  consists  of  round  drops,  which  are  distinctly  recognizable. 
In  places,  large  nucleated  forms  are  found  in  them,  which,  after 
careful  examination  of  the  best  preparations,  I  regard  as  degenerated 
and  cast-off  epithelial  cells.  On  the  surface  of  this  mucus,  blood- 
corpuscles  even  are  found.     (Polluted  in  the  section.) 

Arnold  f  describes  in  the  wall  of  the  normal  bronchus  of  man, 
masses  of  round  cells  which  he  characterizes  as  lymphatic  tissue. 
The  knowledge  of  these  masses  is  of  importance  to  the  investigator; 
they  may  easily  be  confused  with  pathologic  infiltrations  and  with 
bundles  of  smooth  muscle-fibers.  It  is  important  that  Arnold  found 
them  in  the  peribronchial  tissue,  but  not  in  the  true  bronchial  wall. 
But  the  subepithelial  connective  tissue,  in  which,  even  in  the  healthy 
lung,  the  cells  are  found  abundantly  massed  together,  is  in  reality 
the  same  kind  of  tissue. 

The  smallest  bronchi,  called  also  bronchioles,  are  lined  with  cu- 

*Journal  of  Medical  Research,  vol.  i,  No.  1,  new  series,  1901. 
^Virchow's  Archiv,  Bd.  lxxx,  S.  315,  1880,  Tafel  ix. 
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boidal  epithelium,  under  which  is  found  a  hyaUne  Ia>'er  of  distinct 
elastic  tissue,  and  around  this  is  a  connective  tissue  rich  in  cells. 

These  bronchioles  pass  directly  over  into  the  infundilnila,  into  which 
the  cuboidal  ei)itheliuni  also  extends,  but  becomes  gradually  flatter. 
A  smooth  musculature  is  generally  no  longer  present  in  the  bronchi- 
oles. Authors  find  the  non-striped  muscle,  however,  up  to  the  end 
of  the  bronchi,  and  Rindfleisch  even  mentions  a  thickened  ring  of  it 
at  the  entrance  into  the  alveolar  duct.     (See  editor's  note  on  p.  22.) 

The  great  mass  of  the  blood-vessels  of  the  lung  belongs,  as  is  well 
known,  to  the  pulmonary  vessels,  while  those  of  the  bronchi  belong  to 
the  bronchial  system.  But  the  pulmonary  artery  accompanies  the 
bronchus  and  in  its  course  gives  off  numerous  branches  to  the  walls 
of  the  smaller  bronchi.  In  like  manner  the  pulmonar}'  \-eins  are 
formed  in  part  by  vessels  which  receive  blood  from  the  capillaries 
of  the  bronchial  artery.*  Rindfleisch  has  called  especial  attention 
to  the  peculiar  terminal  course  of  the  pulmonary  artery. f 

These  minute  arterial  twigs  enter  the  acinus  not  far  from  the 
bronchus  and  just  where  the  tliree  main  alveolar  ducts  are  united  in 
their  origin,  break  up  into  a  large  number  of  intermediate  branches 
which  penetrate  to  about  the  middle  of  the  acinus,  and  then  resolve 
themselves  into  capillaries.  They  are  thus  intraacinous,  while  the 
veins  are  interacinous,  so  that  the  blood  from  the  middle  and  root  of 
the  acinus  passes  outward. 

The  most  detailed  description  of  these  relations  is  given,  however, 
by  Kiittner.  J  The  branches  of  the  pulmonarj^  artery,  from  the  hilus 
of  the  lung  to  the  lobule,  are  in  constant  apposition  with  the  bronchus 
and  about  correspond  to  it  in  size.  Throughout  their  course  the}^  give 
off  large  branches  which  penetrate  to  the  limiting  membrane  and,  in 
common  with  the  relatively  few  branches  of  the  bronchial  artery,  form 
a  dense  capillary  network  in  the  subepithelial  layer.  In  the  lobules  of 
the  lungs  themselves  it  is  peculiar  how  branches  that  are  practically 
capillaries  are  given  off  from  relatively  large  arteries.  "  In  each  pul- 
monary artery,  one  recognizes  (in  corrosion  preparations),  even  with  the 
unaided  eye,  the  extremely  fine  arterial  radicles  as  closely  crowded  fine 
hairs  and  bristles,  which  give  to  the  surface  of  the  main  trunk  a  peculiar 
furry  character.  Some  of  these  finest  branches  pass  to  the  mucosa  of 
the  smallest  bronchi  or  to  the  peribronchial  connective  tissue,  but  the 
greater  part  lose  themselves  in  the  capillary  network  of  the  alveoli. 
It  follows,  therefore,  that  the  capillary  region  of  the  pulmonary  ar- 
tery is  by  no  means  strictly  separated  from  that  of  the  bronchial 
artery.  The  pulmonary  veins  arise  from  the  capillaries  of  the  alveoli 
and  infundibula  in  the  perilobular  tissue  and  are  interlobular  in  their 
course,  separated  from  the  artery  and  the  bronchus.  The  pulmonary 
veins  receive  also  numerous  branches  from  the  bronchial  walls." 

The  bronchial  arteries  are  characterized  by  a  peculiarly  winding 

*  Reisseisen,  cited  by  Luschka. 

t  Ziemssen,  "  Handbuch,"  Bd.  v,  2.  TheU,  S.  174. 

t  Virchoio's  Archiv,  Bd.  lxxiii,  S.  487. 
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course ;  at  the  end  of  the  terminal  bronchi  the  bronchial  arteries  aLso 
end,  and  their  capillary  region  passes  over  into  that  of  the  pulmonary 
artery.  Xo  doubt  blood  from  the  bronchial  artery  reaches  the  in- 
fundibula  and  the  ah^oli. 

Each  larger  branch  of  the  bronchi  is  accompanied  by  t^vo  or  three 
branches  of  the  bronchial  artery,  which  communicate  with  each  other. 

The  bronchial  veins  receive  their  blood  from  the  external  layers 
of  the  bronchial  wall  as  well  as  from  the  subpleural  and  interlobular 
capillary  regions  (from  this  latter  region  the  pulmonary  veins  also  are 
supplied; . 

The  arteries  which  supply  the  lower  end  of  the  trachea,  the  two 
main  bronchi,  and  the  lymph-glands  near  the  point  of  division,  are 
the  superior  bronch/lal  arteries.  They  arise  either  as  a  common 
branch,  or  as  two  branches  from  the  lower  wall  of  the  arch  of  the  aorta, 
where  it  winds  over  the  left  bronchus.  The  common  branch  divides 
into  a  right  and  a  left  bronchial  arter}^,  which  then  branch  further 
with  the  bronchi.  It  also  occurs,  however,  that  branches  arise  from 
other  arteries  and  in  part  take  the  place  of  those  named:  from  the 
inferior  thyroid  artery,  from  the  superior  intercostal  artery,  from  the 
internal  mammary  artery,  from  the  internal  mediastinal  arter}',  and 
from  the  subcla'V'ian. 

The  numerous  bronchial  t\^dgs  are  also  supplied  by  branches 
arising  from  the  aorta  descendens  at  the  level  of  the  fourth  and  sixth 
dorsal  vertebra.  The  first  is  the  common  bronchial  artery,  which 
divides  into  a  right  and  a  left  bronchial  artery,  and  these  enter  the 
right  and  left  lungs.  The  second  is  the  second  left  bronchial  artery, 
which  goes  only  to  the  left  lung.  These  branches  wind  about  the 
bronchi  and  lose  themselves  in  two  capillary  plexuses,  one  for  the 
muscular  coat  and  one  for  the  mucosa ;  the  latter,  as  we  already  know, 
probably  receives  a  still  greater  contribution  from  the  pulmonary 
artery.  From  these  bronchial  networks,  especially  those  belonging 
to  the  smallest  bronchi,  numerous  branches  pass  into  the  pulmonary 
veins. 

The  bronchial  veins  receiA^e  their  blood  from  the  external  layers 
of  the  bronchial  wall,  from  the  subpleural  and  interlobular  capillary 
regions,  from  the  larger  bronchi,  and  from  the  hilus  of  the  lung. 
Finally  they  form  two  or  three  trunks,  which,  on  the  right,  empty 
into  the  azygos  or  vena  caA^a  superior;  and,  on  the  left,  into  the 
superior  intercostal  vein  or  the  left  innominate  A^ein.  The  capillaries 
of  the  bronchi  have  also  two  outlets:  one  into  the  right,  and  one  into 
the  left  heart;  the  great  majority  of  those  from  the  smallest  bronchi 
empty  into  the  left  heart,  w^hile  those  from  the  large  bronchial  trunks 
empty  into  the  right  heart.  This  fact  may  be  of  importance  in 
understanding  the  hyperemia  of  the  Ijronchi  in  affections  of  the  heart. 
The  bronchial  A^eins  are  distinguished  from  all  the  other  A'eins  of  the 
body  by  the  fact  that  the  circulation  in  them  is  not  supported  by  the 
suction  power  of  inspiration. 
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[The  pulmonar}'  artery  follows  the  bronchus  closely  throughout 
its  entire  length,  and  when  it  reaches  the  last  forked  division  of  the 
bronchus,  penetrates  the  lobule  until  it  reaches  a  point  beyond  the 
terminal  bronchus.  Here  it  (U\ddes  quite  abruptly  into  as  many 
branches  as  there  are  atria.  These  arteries  do  n(jt  come  directly  to 
the  surface  of  the  pleura  and,  as  a  rule,  no  artery  passes  to  the  per- 
iphery of  the  lobule. 

The  air-sacs  lying  within  the  proximal  portion  of  the  lobule 
receive  a  separate  supply,  small  branches  being  given  off  jast  before 
the  artery  penetrates  the  lobule. 

Within  the  lobule  the  artery  spreads  out  on  the  central  side  of  the 
air-sac,  where  the  capillar}-  network  arises,  and,  after  extending  o\'er 
all  the  air-cells,  empties  on  the  peripheral  side  into  the  veins. 

The  pulmonary  veins,  as  has  been  stated,  are  found  on  the  per- 
ipheral side  of  the  air-sacs.  The  juxtaposition  of  artery,  bronchus, 
and  vein  is  strictly  confined  to  the  hilus ;  -sAithin  the  lung  the  artery 
accompanies  the  bronchus,  but  the  vein  keeps  as  far  away  from 
artery  and  bronchus  as  possible.  The  veins  keep  on  the  periphery 
of  the  lobule  except  in  a  few  instances,  when  they  send  branches 
between  the  air-sacs ;  these  branches  collect  the  blood  from  the  capil- 
lary networks  on  the  atria. 

There  is  one  important  exception  to  the  rule  that  the  artery  is 
central  and  the  vein  peripheral.  Aiising  one  from  either  side  of  the 
extremity  of  the  terminal  bronchus,  and  recei\dng  blood  from  the 
final  ending  of  the  bronchial  artery  and  from  adjoining  air-sacs,  are 
tw^o  short  but  good-sized  veins  which  pass  by  the  shortest  route  to 
the  nearest  venous  trunks. 

The  same  rule  holds  for  a  bronchus  of  the  second  order,  with  its 
branches:  the  artery  is  central  and  the  veins  peripheral,  except, 
again,  for  two  veins  arising  at  the  point  where  branches  are  given  off. 

The  pulmonary  veins  receive  blood  from  the  following  som'ces: 
(1)  The  capillary  network  arising  from  the  terminations  of  the  pul- 
monary artery  on  the  central  side  of  the  air-sac;  (2)  the  capillary 
network  of  the  pleura;  (3)  the  capillaries  of  the  bronchial  artery, 
both  those  which  surround  the  terminal  bronchi,  and  those  which  arise 
at  the  angles  where  branches  are  given  off  from  a  bronchus. 

All  the  veins,  except  the  small  branches  w-hich  arise  at  the  terminal 
bronchi,  are  on  the  periphery  of  the  lobule ;  the  veins  from  the  terminal 
bronchi  are  situated  A^ithin  the  lobule. 

The  bronchial  artery  forms  a  vascular  plexus  in  the  w^alls  of  the 
bronchi.  The  blood  conveA-ed  by  the  branches  of  the  bronchial 
artery  is  carried  away  by  the  pulmonary  veins  and  not  by  the  branches 
of  the  pulmonary  artery.  Xo  branches  of  the  bronchial  artery  are 
found  on  the  distal  side  of  the  terminal  bronchi  (Miller). — Ed.] 

Most  of  the  nerves  of  the  lungs  originate  from  the  anterior  and 
posterior  pulmonary  plexases;  they  are  mixed  vagus  and  sympathetic 
fibers.     The  vagus  fibers  belong  to  the  musculature  and  the  sympa- 


so  THE  BRONCHI. 

thetic  to  the  blood-vessels.  These  latter  come  from  the  first  thoracic 
ganghon'.  (Vulpian,  "  Legons  sur  I'appareil  vaso-moteur, "  1875,  t. 
II,  p.  43.)  On  those  fibers  which  belong  to  the  bronchial  wall, 
Remak  described  groups  of  ganghon  cells.  (Miiller's  ''Archiv  fiir 
Anatomie  und  Physiologie, "  1844.) 

Lymph-glands  he  in  large  numbers  beliind,  beside,  and  below  the 
bronchi  and  directly  take  up  the  branches  which  come  from  the  two 
bronchial  networks,  the  mucous  and  the  submucous.  They  are  called 
the  bronchial  glands.  Their  number  is  considerable :  besides  numerous 
small  ones,  we  can  count  over  twenty  wliich  equal  or  exceed  the  size  of 
a  bean.  They  are  chstinguished  from  all  the  other  glands  of  the  body 
by  the  fact  that  they  become  gradually  pigmented  black;  the  pig- 
mentation begins  in  early  j^outh  and  increases  with  age.  They  take 
up  principally  the  lymph-vessels  of  the  lungs,  but  also  the  vessels  of 
the  bronchial  mucous  membrane  and  of  the  submucous  lymphatic 
bronchial  plexus.  From  the  glands  the  vasa  efferentia  empty  partly 
into  the  thoracic  duct ;  in  part  they  form  a  trunk  known  as  the  broncho- 
mediastinal trunk,  wliich  leads  independently  into  the  left  subcla\dan, 
and  another  which  goes  to  the  right  subclavian  vein;  finally  branches 
pass  directlj^  into  the  vena  azygos. 

The  principal  masses,  consisting  of  from  ten  to  fifteen  glands  of 
about  the  size  of  a  cherry-pit,  occupy  the  space  between  the  right  and 
left  bronclii,  principally  below  the  bifurcation,  and  extend  to  the  peri- 
cardium. Single  glands  surround  the  bronchi  and  lie  on  the  pulmo- 
nary artery.  The  glands  are  relativel}^  better  developed  in  the  child 
than  in  the  adult.  The}^  receive  their  blood  from  the  bronchial  arteries 
and  empty  into  the  bronchial  veins. 

A  description  has  been  given  b}^  Teichmann  *  of  the  lymph- 
capillaries  of  the  bronchi.  He  was  able  to  show  a  network  of  lymph- 
vessels  in  the  mucosa  and  a  second  in  the  submucosa.  That  of  the 
mucosa  has  a  direction  parallel  to  the  long  axis  of  the  bronchi,  while 
that  of  the  submucosa  runs  trans versel}^,  on  the  cartilaginous  rings. 
The  relation  between  lymph-vessels  and  blood-vessels  is  quite  uni- 
form; immediately  beneath  the  epithelium  the  vascular  capillaries 
are  found,  and  under  these  lie  the  lymphatic  capillaries.  Teichmann 
has  not  investigated  the  lymph-vessels  in  the  finer  and  finest  bronchi. 
The  assertion  that  free  openings  lead  from  the  alveoli  into  the  lymph- 
vessels  of  the  lungs  has  not  been  confirmed  and  is  ver}^  improbable. 

[The  lymphatics  of  the  lung  consist  of  a  system  of  closed  tubes 
situated  in  the  walls  of  the  bronchi,  in  the  pleura,  and  along  the 
branches  of  the  pulmonary  arteries  and  veins. 

In  the  bronchi  the  lymphatics  form  a  network  with  a  somewhat 
long  and  narrow  mesh;  they  diminish  in  size  from  the  hilus  to  the 
terminal  bronclii,  where  they  end  in  three  small  vessels.  Beyond  the 
terminal  bronchus  no  lymph- vessels  are  found  in  connection  with  the 
air-spaces ;  that  is,  the  atria  and  air-sacs  have  no  lymphatics  in  their 
*  "Das  Saugadersystem,"  Leipzig,  1861. 
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walls.     From  this  network  of  hronchial  lynipluitics,  which  lies  ex- 
terior to  the  network  of  bronchial  blood-vessels,  branches  pass: 

1.  To  the  pulmonary  artery  which  accompanies  the  bronchus; 

2.  To  the  ^■eins  which  arise  from  the  angles  where  branches  are 
given  off;  and, 

3.  To  the  \'eins  which  arise  from  the  distal  extremity  of  the  term- 
inal bronchus. 

One  of  these  three  branches  passes  to  the  artery  and  accompanies 
it  in  its  course;  where  the  artery  joins  another  to  form  a  larger  vessel 
the  lymph-vessels  also  unite,  forming  a  proportionately  larger  vessel. 
The  large  trunks  of  the  pulmonary  artery  and  vein  are  accompanied 
by  two,  or  sometimes  three,  lymph-vessels  connected  by  numerous 
loops,  so  that  each  blood-vessel  is  surrounded  by  a  plexus  of  lymph- 
ajtics.  The  smaller  arteries  and  veins  are  accompanied  b}'  a  single 
lymph-vessel  which  is  situated  between  the  artery  and  the  bronchus. 

The  remaining  two  lymph-vessels  arising  from  the  terminal  bron- 
chus pass,  one  on  either  side,  to  the  small  veins  which  arise  from  this 
point;  they  usually  have  a  more  spiral  cowse  than  those  al^out  the 
arterv.  Lymph-vessels  also  pass  from  the  bronchus  to  the  veins 
wliich  are  found  at  the  point  where  a  branch  leaves  the  main  bronchus. 
There  is,  therefore,  at  the  point  where  bronchi  branch,  practically  the 
same  relation  of  lymph- vessels  as  at  the  terminal  bronchus:  three 
lymphatics,  one  of  which  passes  to  the  artery,  the  other  two  to  the 
veins.  The  small  veins  have  but  a  single  h^mph- vessel  accompanying 
them,  but  the  larger  veins  have  two,  and  rarely  three,  main  vessels 
which  are  connected  by  loops  and  form  a  network  with  a  long  mesh 
about  the  veins. 

Finally,  a  lymph-vessel  accompanies  the  veins  that  pass  to  the 
pleura,  and  unites  with  a  network  of  lymph-vessels  found  in  the 
pleura. 

The  surface  of  the  lung  is  covered  by  an  extensive  network  of 
large  lymph-vessels,  in  the  meshes  of  which  lies  a  network  of  finer 
vessels.  The  lymphatics  of  the  pleura  form  at  the  hilus  of  the  lung 
four  or  five  large  trunks  which  anastomose  at  this  point  with  the 
lymphatics  belonging  to  the  lung. 

Along  the  border  of  the  lung  the  large  lymph- vessels  of  the  pleura 
often  dip  into  the  lung  to  some  depth,  only  to  come  to  the  surface 
again  after  a  short  interval.  These  loops  do  not  appear  to  give  off 
any  branches  to  the  lymphatics  of  the  lung.  Valves  are  present  in 
large  numbers  in  the  lymphatics  of  the  pleura.  There  is  an  anasto- 
mosis between  the  lymphatics  of  the  pleura  and  those  of  the  lung; 
it  is,  however,  confined  to  the  hilus,  no  anastomosis  taking  place  on 
the  pleural  surface. 

The  presence  of  stomata  between  the  epithelial  cells  covering  the 
pleura  is  questionable  (Miller). — Ed.] 

The  relation  of  the  pleura  to  the  main  bronchus  is  such  that,  at 
about  the  middle  of  its  course,  the  union  of  the  pulmonary  with  the 
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mediastinal  pleura,  which  extends  from  above  toward  the  hilus  of  the 
lung,  is  closely  crowded  against  the  bronchial  wall.  The  lower  point 
of  union,  on  the  other  hand,  is  at  some  distance  from  the  bronchus. 
A  schematic  representation  of  these  relations  is  found  in  the  atlas 
of  Heitzmann. 

It  is  said  that  the  entire  volume  of  the  bronchi  amounts  to  100 
to  120  c.c,  while  that  of  all  the  respiratory  tissue  is  estimated  at  over 
3000  c.c. 

In  inspiration  the  air-pressure  in  the  bronchi  is  negative,  but  in 
quiet  respiration  it  scarcely  falls  below  2  mm.  Hg;  in  expiration 
it  is  just  as  much  positive;  by  rubbing  and  pressing  one  can  run  it 
up  to  over  80  mm.  Thus  one  can  in  the  bronchial  tree  cause  very 
great  variations  of  pressure.  The  bronchial  muscles  contract  on  irrita- 
tion of  the  nasal  mucous  membrane,  just  as  on  excitation  of  the  per- 
ipheral ends  of  the  vagus ;  the  reflex  from  the  nasal  mucous  membrane 
on  the  bronchial  muscles  is  brought  about  by  way  of  the  vagus.  These 
facts  are  confirmed  by  numerous  investigators.*  An  increase  of  the 
bronchial  pressure  is  connected  with  this  contraction  of  the  bronchial 
muscles.  In  section  of  the  vagus  the  bronchi  of  the  same  side  usually 
relax  surprisingly  (dog). 

The  experiments  of  Riegel  and  Edinger  showed  also  that  excita- 
tion of  the  vagus  in  continuo  was  always  followed  by  a  marked  infla- 
tion of  the  lungs,  and,  if  continued,  by  a  considerable  depression  of 
the  border  of  the  lungs,  although  the  air-movements  were  slight. 
Excitation  of  the  peripheral  end  of  the  vagus  never  caused  inflation 
of  the  lungs;  this  was  caused  only  by  irritation  of  the  central  end. 
It  consisted  of  a  reflex  of  the  vagus  on  the  phrenic,  for  after  its  section 
the  effect  was  wanting. 

The  sympathetic,  on  the  other  hand,  does  not  influence  the  bron- 
chial musculature.  It  contains  two  kinds  of  fibers :  first,  those  which 
with  weak  excitation  make  the  breathing  slower  and  deeper ;  second, 
those  which  on  weak  excitation  make  the  breathing  quicker  and  more 
superficial.  On  strong  excitation  of  both  groups  of  fibers  the  respira- 
tion stops.  In  the  rabbit  these  fibers  enter  the  spinal  cord  between 
the  fourth  and  fifth  thoracic  vertebrse.f  In  inspiration  the  bronchi 
are  relatively  narrow,  their  diameter  being  shortened  as  much  as  the 
cartilage  plates  will  permit.  In  expiration  there  is  scarcely  any  change, 
if  the  breathing  is  done  quietly  with  the  glottis  open ;  but  if  the  glottis 
is  narrowed,  or  the  pressure  which  the  expiratory  muscles  can  exert  is 
brought  into  play  (for  the  respiratory  muscles  are  not  used  by  the 
healthy  normal  individual),  both  the  trachea  and  bronchi  are  widened. 

The  mucous  membrane  of  the  bronchi  acts  like  that  of  the  trachea : 
it  secretes  mucus,  derived  partly  from  the  mucous  glands  and  partly 
from  goblet  cells.  I  do  not  venture  to  say  how  the  secretion  of  the 
one  differs  from  that  of  the  other.     Panizza  believes  that  the  glands 

*  Of  these,  I  name  only  Brown,  Einthoren,  and  Lazarus.     Literature  is  given  in 
Riegel  and  Edinger,  Zeitschr.  f.  klin.  Medicin,  v. 
t  Hamburger,  Med.  Centralblatt,  1891,  S.  45. 
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have  a  more  fluid  secretion,  while  that  of  the  cells  is  more  viscous. 
The  secretion  does  not  form  a  homogeneous  layer,  but  cell-like  balls 
filled  with  myelin  forms;  particles  of  dust  and  soot  are  found  in  a 
ground  substance  which  has  a  striated  appearance.  Hence  myelin 
cells  and  pigment  cells  have  long  since  been  distinguished  in  the 

secretion.  ,    .       ■ 

The  pigment  cells  are  easily  distinguished  by  their  pigmented 
contents;  they  are  connected  by  successive  transitional  stages  with 
others  that  are  quite  structureless,  have  no  nuclei,  and  only  slightly 
granular  contents ;  and  with  yet  others  that  contain  true  myelin  forms. 


Fig  3  —1  and  3,  Various  cell  forms  in  the  sputum  of  a  healthy  man  ;  fatty,  partly  degenerated 
cells  •  pigment  cells ;  cells  of  uncertain  character ;  altered  leucocytes.  In  3  the  usua  group  o  changed, 
pigmented  alveolar  epithelium.  2,  Normal  .alveolar  epithelium,  very  rare,  the  nucleus  visible  only  on 
staining     4  Myelin  forms.     5,  Desquamated,  changed  bronchial  epithelium  ;  very  rare. 


These  myelin  forms  are  characterized  by  their  strong  refraction  of 
light  and  by  the  sharply  contoured,  pecuhar  shapes  which  they 
show.  They  may  lie  in  small  numbers  in  the  cell-like  forms,  they 
mav  fill  these  completely,  or  they  may  be  met  floating  freely.  They 
may  then  imitate  spore  forms  or  they  may  even  appear  like  more  or 
less  modified  spermatozoa. 

These  myelin  and  pigment  cells  are  now  generally  regarded  as  ex- 
fohated  and  modified  alveolar  epithelium.  Smith  and  Guttmann 
assert  this  with  a  good  deal  of  positiveness,  and  endeavor  to  show 
transitional  forms  from  the  one  to  the  other.     What  decides  me  to 

3 
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concur  in  their  opinion  is  the  fact  that  these  cells  are  undoubtedly 
found  in  the  alveoli  in  the  finest  sections  of  well-hardened  lung.  In 
places  they  are  found  in  such  positions  that  they  cannot  be  regarded 
as  anything  but  epithelial  cells  in  situ.  Although  they  already  begin 
to  change  their  habitus  and  to  take  on  pigment,  yet  they  still  have 
their  characteristic  nuclei  and  lie  fitted  into  the  mosaic  of  other  cells. 
It  is  very  difficult  to  understand  how  the}^  reach  the  bronchi;  judging 
by  the  behavior  of  inhaled  coal-dust  one  would  think  that  these 
epithelial  cells  would  be  much  more  likely  to  reach  the  lymph-passages 
than  the  bronchi.  The  opinion  of  Panizza  that  peculiar  motile  drops 
of  mucus  separate  themselves  from  the  mucous  membrane,  and  that 
these  take  up  the  dust  hdng  on  them  and  pass  outward,  has  therefore 
much  to  recommend  it.  But  it  cannot,  without  violence,  be  brought 
into  harmony  with  the  above-mentioned  findings,  and  I  have  therefore 
given  it  up. 

It  is  not  always  very  easy  to  explain  the  origin  of  the  morning 
sputum  of  quite  healthy  people,  which  is  expectorated  in  the  form  of 
larger  and  smaller  masses  (up  to  the  size  of  a  cherry-stone).  These 
masses  are  chiefly  characterized  by  their  gray  color  and  tough,  elastic, 
consistency.  The  larger  masses  appear  distinctl}''  compounded  of 
the  smaller  ones.  They  can  be  hardened,  sectioned,  and  stained, 
and  then  present  very  interesting  pictures.  In  part  we  find  a  hyaline, 
slightly  fibrous  portion,  in  part  a  very  cloudy,  densely  granular  one, 
and  between  them  we  find  the  pigment  and  myelin  cells  in  groups 
and  rows. 

Many  cells  are  undoubtedly  present  which  have  wandered  out 
from  the  blood-vessels;  the}^  are,  however,  so  changed  that  we  can 
see  only  circular  or,  if  they  are  crowded  together,  angular  forms,  with 
pale  contents  which  are  not  at  all  characteristic.  It  is  difficult  to 
recognize  them  as  real  cells ;  but  nuclei  or  the  rudiments  of  such  can 
be  demonstrated  after  treating  the  cells  with  liquor  potassse. 

In  favorable  dry  preparations  a  sufficiently  useful  stain  may  be 
secured  with  the  triacid,  which  shows  that  these  cells  act  quite  like 
polynuclear  white  blood-cells,  and  this  in  a  certain  stage  of  degenera- 
tion I  consider  them  to  be.  They  do  not  usually  contain  any  pigment 
and  only  take  it  up  in  exceptional  cases,  and  I  could  never  quite  con- 
vince myself  of  its  presence.  They  form,  however,  such  masses  with 
the  pigment  cells  that  they  easily  have  the  appearance  of  pigment  cells. 
Ciliated  cells  or  their  recognizable  remains  I  have  rarely  seen  in  the 
normal  sputum,  and  hence  regard  them  as  exceptional. 

Dr.  Baruban  *  has  reported  on  the  bronchial  epithelium  of  a 
healthy  man,  who,  having  been  sentenced  to  death,  smoked  an  ex- 
traordinary number  of  cigarettes  in  the  last  hour  before  his  execution. 
He  found  pieces  and  strips  of  pavement  epithelium  among  the  cili- 
ated cells.  In  the  finer  bronchi  the  loss  of  the  cilia  and  the  strong 
pigmentation  were  surprising.     True  catarrh  was  not  present. 

*  According  to  a  reference  in  the  supplement  to  the  British  Medical  Journal, 
October,  1S90. 
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MALFORMATIONS  OF  THE  BRONCHI. 

1.  Compare  trifurcation  of  the  trachea. 

2.  Chiari*  reports  a  congenital  diverticulum  in  the  right  bronchial 
trunk,  which  was  as  large  as  a  bean  and  was  regarded  by  him  as  an 
accessory  branch  of  this  bronchus,  which  had  remained  rudimentary. 

3.  Chiari  also  reports  the  presence  of  tico  eparterial  bronchi  from 
the  right  bronchial  trunk,  the  lower  of  which  originated  at  the  normal 
place  of  exit  of  the  eparterial  bronchus,  while  the  upper  was  con- 
siderably higher,  near  the  point  of  division  of  the  trachea.  The 
ordinary  eparterial  bronchus  has,  on  the  right  side,  normally  three 
branches — a  dorsal,  a  ventral,  and  an  ascending.  The  latter  may  be 
partly  or  wholly  replaced  by  a  special  eparterial  bronchus.  The 
point  of  origin  of  this  varies,  being  at  times  near  the  bifurcation,  at 
other  times  nearer  the  normal  eparterial  bronchus;  it  is,  as  already 
remarked,  variable  in  its  location,  and  may  even  originate  as  far  back 
as  the  trachea,  and  then  constitutes  the  tracheal  bronchus,  thus  ex- 
plaining the  trifurcation  of  the  trachea. 

4.  A  very  remarkable  observation  is  that  of  Ratjen.f  In  a  man 
who  cUed  of  an  affection  of  the  brain  at  the  age  of  forty-nine,  the  left 
bronchus  ended  blindly  an  inch  below  the  bifurcation ;  its  continuation 
formed  a  strand  of  connective  tissue  of  about  the  thickness  of  a  pen- 
holder, about  one  and  a  half  inches  long,  wliich  then  passed  again  into 
the  continuation  of  the  bronchus,  leading  into  the  left  lung.  The  latter 
was  entirely  atelectatic,  very  small,  gray,  and  pigmented.  The  bronchi 
contained  thickened  mucus  with  lime  and  fat-molecules.  Ratjen  con- 
siders this  case  a  congenital  malformation.  The  presence  of  the  pig- 
ment in  the  lung  makes  this,  however,  very  improbable. 


INJURIES  OF  THE  BRONCHI. 

LITERATURE. 

Gdsselin:  '' Memoires  de  la  Societe  de  chirurgie  de  Paris,"  1S47. — Bardeleben: 
"I.ehrbuch  der  Chiriirgie  und  Operationslehre,"  Bd.  iii,  S.  .599,  1875. — Coiirtois: 
"■  Etude  sur  les  contusions  du  poumon  sans  fractures  des  cotes,"  These  de  Paris,  1873, 
No..  180. 

Under  this  head  we  vriW  consider  only  a  part  of  the  injuries  to 
the  larger  bronchi.  The  injuries  of  the  smaller  bronchi  belong  to 
those  of  the  lungs.  The  injuries  which  are  due  to  the  fact  that  foreign 
bodies  have  passed  through  the  trachea  to  the  bronchi  are  treated 

*  Prager  med.  Wochenschrift,  1890,  Xr.  46. 
t  Virchow's  Archiv,  Bd.  xxxrv'iii,  S.  173,  1867. 
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under  the  head  of  foreign  bodies.  The  rest  may  now  be  divided  into 
direct  and  indirect.  For  the  presence  of  the  former  the  opening  of 
the  chest-wall  is  a  necessary  precedent;  the  injuring  force  must 
penetrate  to  the  bronchus— as  a  stab  or  a  shot.  These  injuries  are 
discussed  in  works  on  surgery  m  connection  with  perforating  wounds  of 
the  chest.     I  do  not  wish,  however,  to  pass  over  the  indirect  injuries. 

Here  the  thorax  suffers  only  a  compression,  and  yet  a  tearing  of 
the  tissues  which  it  protects  occurs.  How  this  happens  has  been  the 
occasion  of  much  discussion.  The  controversy  was  terminated  by  the 
exposition  of  Gosselin  and  Bardeleben,  who  showed  that  the  presence 
of  air,  that  at  last  cannot  on  accoimt  of  the  compression  escape  from 
the  lung  in  the  normal  way,  is  necessary  to  produce  laceration  of  the 
tissues.  This  was  shown  also  by  Courtois,  by  means  of  experiments 
especially  directed  to  this  purpose.  The  air  cannot  escape  if,  for  in- 
stance, the  glottis  is  closed  at  the  moment  of  the  injury. 

What  usually  happens  in  such  contusions  is  a  tearing  of  the  lung 
tissue;  and,  although  the  fine  bronchial  twigs  must  necessarily  be 
injured  at  the  same  time,  that  subject  will  not  be  treated  under  the 
diseases  of  the  bronchi. 

In  this  place  we  have  to  deal  only  with  cases  of  injury  to  the 
bronchi  in  which  the  lungs  are  relatively  little  or  not  at  all  involved. 
It  is  clear  that  such  cases  can  include  only  injuries  of  the  large  bronchi. 
The  number  of  these  cases  is  very  small ;  generally  the  ribs  are  broken 
at  the  same  time,  and  then  the  injury  is  ascribed  to  the  splinter  which 
penetrated  into  the  thoracic  cavity  from  the  broken  rib.  The  ob- 
servations known  to  me  are  as  follow: 

Carbonnell,  1865,  "Bullet.  See.  anatom.  de  Paris,"  II.  Serie,  t.  x,  pag. 

17,  vol.  40.     The  right  bronchus  was  separated  from  the  trachea  at 

the  point  of  bifurcation. 
Seuvre,  1873,  ''Bullet.  Soc.  anatom.  de  Paris,"  III.  Serie,  t.  viii,  vol.  48. 

Run  over  by  an  omnibus.     The  right  bronchus  was  entirely  separated 

from  the  trachea. 
Baader,  1877,  "  Correspondenzblatt  fiir  schAveizerische  Aerzte,"  S.  653. 

Bun  over  by  a  heavy  wagon.     The  left  bronchus  was  torn  by  a  sharp 

splinter. 
Sheld,  1889,  "Transactions  Path.  Soc,"  vol.  xl,  p.  38.     Complete  tear- 
ing of  the  bronchus  at  the  bifurcation  by  a  wagon-pole.     Third 

and  fourth  ribs  were  broken. 

In  the  follomng  cases  it  is  to  be  assumed  that  the  bronchial  injury 
was  not  determined  by  the  injury  to  the  thorax: 

Broca,  "Progres  medical,"  7.  Febr.  1885,  pag.  108.  Crushing.  Many 
ribs  are  broken  with  tearing  of  the  lungs.  Left-sided  pneunio- 
thorax  through  rupture  of  the  left  bronchus.  In  the  posterior 
portion  of  the  left  bronchus,  a  millim.eter  before  its  entrance  into 
the  lung,  is  a  perforation  the  size  of  a  bean.  It  is  at  the  place 
where  the  pleura  bends  around,  and  here  the  air  escaped  into  the 
pleura. 
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Knoepfler,  "Des  ruptures  Ijroiichiquos,"  Nancy,  1886,  pag.  92.  Crush- 
ing. Fracture  of  the  first  left  rib,  with  luxation  of  the  left  clavicle. 
Fracture  of  the  third  and  fourth  ribs  on  the  right  side.  Rupture  of 
the  left  bronchus,  left-sided  pneumothorax.  Death.  If  air  is 
blown  into  the  trachea,  it  is  seen  passing  out  into  the  left  pleural 
cavity  through  a  small  opening  on  the  posterior  surface  of  the  left 
bronchus,  shaped  like  a  flute-stop.  The  bronchus  is  torn  between 
its  second  and  third  rings,  immediately  outside  of  the  place  where 
the  arch  passes  over  it.  The  two  fragments  are  united  only  by  a 
bridge  of  fibrous  tissues  to  the  posterior  wall  of  the  bronchus,  which 
is  also  torn  lengthwise. 

In  the  case  of  Ilott,*  a  six-year-old  bo}^  w^a.?  run  over  in  such  a 
way  that  the  thoracic  walls  showed  no  fracture  at  all  and  no  injury; 
yet  the  lung  tissue  w^as  torn,  there  was  pneumothorax  and  consider- 
able hemorrhage;  the  left  bronchus  was  torn  across  at  the  first  di^•i- 
sion.     Death  half  an  hour  after  the  accident. 

According  to  the  location  of  the  injury  the  air  may  pass  out 
into  the  mediastinum  or  into  the  pleura.  There  is  always  abundant 
blood  extravasation.  The  course  has  been  until  now  always  fatal, 
but  the  opening  may  be  ^'ery  small,  and  so  a  fortunate  outcome 
might  be  considered  possible. 
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LITERATURE. 

Porter:  "  Observations  on  the  Surgical  Pathology  of  the  Larynx  and  Trachea," 
London,  1837,  pp.  109-2.30.  (Experiments  on  dogs.  A  small  piece  of  radish  intro- 
duced through  a  -wound  in  the  trachea  was  repeatedly  expelled  by  coughing,  though 
the  foreign  body  was  pushed  into  one  of  the  bronchi.) — Stokes :  "  Die  Brustkrank- 
heiten  von  Behrens,"  Leipzig,  1844. — Hager:  "Die  fremden  Korper  im  Menschen," 
Wien,  1844. — Gross,  S.  D. :  ''A  Practical  Treatise  on  Foreign  Bodies  in  the  Air- 
passages,"  Philadelphia,  1854. — Kiihn,  in  Giinther's  "  Lehre  von  den  blutigen  Opera- 
tionen,"  v,  1864.— Bourdillat :  "Gaz.  med.  de  Paris,"  1868,  7,  9,  10,  13,  1.5.— Preo- 
braschensky:  "'Wiener  Klinik,"  1893,  Xr.  8-10. — Kobler:  "Wiener  klin.  Rund- 
schau," 1895. — Willard,  De  Forest:  "Removal  of  Foreign  Bodies  from  the  Air- 
passages,"  "  Jour.  Amer.  Med.  Assoc,"  October  26,  1901. — Godlee,  R.  J.:  "On  the 
Effects  Produced  by  Foreign  Bodies  in  the  Bronchial  Tubes,"  "  R.  Med.-Chir.  Soc. 
Trans.,"  vol.  lxxiv,  1896. — Wood,  Geo.  B.:  "Foreign  Bodies  in  Air-passages," 
"Phila.  Med.  Jour.,"  1879. — Weist,  J.  R. :  "Foreign  Bodies  in  Air-passages," 
"Trans.  Am.  Surg.  Ass.,"  1882. 

It  is  not  so  very  rare  an  occurrence  for  foreign  bodies  to  reach 
the  bronclii  tlirough  the  natural  passages.  What  is  possible  in  the 
way  of  accidents  is  shown  by  the  following  table,  which  represents  the 
best-known  and  most  important  observations  afforded  by  the  litera- 
ture. A  close  examination  of  these  special  cases  is  needed  to  gain  an 
understanding  of  the  difficulties  that  the  physician  has  to  cope  -^ith 
in  certain  cases.     A  complete  collection  of  all  that  has  been  reported 

*Brit.  Med.  Jour.,  Sept.,  1890,  p.  733. 
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on  this  subject  is  not  the  object  of  this  work;  there  are  numerous  un- 
satisfactory observations,  which  might,  however,  be  utihzed  in  some 
way.  Preobraschensky  has  given  a  very  complete  analysis  of  the 
clinical  material  at  hand 

In  spite  of  the  large  number  of  observed  cases,  we  see  how  much 
yet  remains  to  be  done  and  how  great  is  the  lack  of  exact  observa- 
tions. One  should  not  be  misled  by  writers  who  assert  that  it  is  use- 
less to  collect  further  cases.  It  is  only  useless  to  collect  poorly  ob- 
served and  poorly  described  cases. 

Foreign  bodies  act  differently  according  to  their  kind  and  size.  It 
is  therefore  not  right  to  treat  them  all  alike.  It  is  necessar}^  to  classify, 
and  I  have  therefore  made  five  classes  in  order,  as  far  as  possible,  to 
group  together  bodies  having  the  same  physical  characteristics  and 
presumably  characterized  by  similar  symptoms  and  a  similar  course : 

1.  Smooth,  round  pieces  of  metal  and  glass  (coins  and  bullets). 

2.  Hard,  irregular,  sharp,  and  pointed  bodies  (needles  and  splin- 
ters of  bone). 

3.  Soft,  rough,  bodies  (heads  of  grain). 

4.  Bodies  which  swell  on  soaking  (fruit-seeds).  Hard  fruit-seeds 
especially. 

5.  All  other  foreign  bodies. 

As  in  the  case  of  foreign  bodies  in  other  regions,  children  furnish 
the  largest  number  of  examples;  but  the  percentage  of  adults  is  also 
quite  large.  Anything  that  a  man  has  in  his  mouth  may  at  any  time, 
•by  an  accidental  reflex  inspiration,  be  drawn  into  the  bronchi.  The 
bad  habit  of  putting  needles  and  other  similar  objects  into  one's 
mouth  instead  of  laying  them  down  cannot,  therefore,  be  too  severely 
condemned.  The  accident  is  most  likely  to  occur  when  sensibility 
and  reflex  activity  are  diminished;  for  the  muscles  of  the  glottis, 
which  contract  on  the  slightest  irritation,  are  the  sentinels  who  by 
their  sensibility  and  motility  guard  the  body  in  ordinary  life  against 
all  intruders.  Chloroform  narcosis  is  therefore  a  factor  that  favors 
the  entrance  of  foreign  bodies;  it  has  repeatedly  happened  that  a 
tooth  extracted  during  anesthesia  has  slipped  down  into  the  trachea. 
Drunkenness  and  all  other  forms  of  intoxication,  as  well  as  natural 
sleep,  diminish  the  vigilance  of  the  sentinels  that  stand  guard  over 
the  glottis.  In  diseases  of  the  brain  they  may  be  rendered  completely 
powerless,  and  it  is  w^ell  known  how  often  people  who  swallow  badly 
die  from  the  aspiration  of  foreign  bodies. 

As  a  rule,  the  aspirated  foreign  body,  after  it  has  once  passed  the 
glottis,  proceeds  at  once  to  a  point  in  the  bronchial  system  which 
corresponds  to  its  size,  and  there  becomes  firmly  fixed.  More  rarely 
the  foreign  body  remains  for  a  time  in  the  trachea,  and  later  passes 
down  into  a  bronchus.  If  it  strikes  the  spur  at  the  bifurcation,  or  at 
any  other  point  where  a  branch  is  given  off,  it  may  be  thrown  back  by 
the  fit  of  coughing  which  at  once  follows,  and  this  movement  may  be 
repeated  many  times  before  the  foreign  body  finally  lodges  in  a 
bronchus.  It  rarely  happens,  also,  that  the  body  first  lodges  in  the 
trachea  and  later  passes  down  into  the  bronchus. 
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It  is  in  the  right  bronchus  that  foreign  bodies  are  most  frequently 
found,  because  its  course  is  much  more  nearly  vertical  than  that  of 
the  left,  and  it  therefore  affords  a  better  opportunity  for  the  entrance 
of  a  foreign  body.  This  is  readily  understood  when  the  larger  size  of 
the  right  lung  and  right  bronchus,  and  consequent  greater  power  of 
aspiration,  are  taken  into  account.  Kobler  rightly  calls  attention  to 
the  fact  that  the  position  of  the  individual  must  affect  the  movement 
of  the  foreign  body.  If  the  patient's  body  is  inclined  to  the  right, 
the  entrance  into  the  left  bronchus  is  necessarily  facilitated. 

It  may  also  happen  that  a  foreign  body  enters  one  bronchus  and, 
after  being  thrown  back  into  the  trachea,  finds  its  way  into  the  other 
bronchus ;  a  case  occurs  now  and  then  in  the  literature  which  can  be 
explained  in  no  other  way. 


SYMPTOMS* 

The  presence  of  a  foreign  body  in  the  bronchi  may  cause  a  great 
variety  of  symptoms,  according  as  the  body  is  fixed  or  movable,  as 
the  occlusion  of  the  bronchus  is  complete  or  only  partial,  and  as  the 
patient's  sensibility  is  preserved  or  abolished.  In  many  cases,  after 
an  initial  violent  fit  of  coughing,  weeks  and  months  may  elapse  during 
w^hich  the  patient's  comfort  is  not  disturbed.  The  symiptoms  of  the 
initial  period  will  be  enumerated  first: 

1.  Diminution  or  Complete  Abolition  of  the  Respiratory  Sounds  on 
One  Side  of  the  Chest. — If  the  bronchus  is  completely  occluded,  the 
absence  of  respiration  may  be  so  marked  that  it  practically  suffices 
to  establish  the  diagnosis.  If,  however,  the  bronchus  is  only  partially 
occluded,  the  cUfference  between  the  two  sides  may  be  very  slight,  or 
even  quite  unrecognizable.  It  is  evident,  therefore,  that  a  foreign 
body  which  fits  into  the  bronchus  may  cause  more  marked  symptoms 
than  a  hard  angular  body  which  allows  some  air  to  pass. 

2.  Diminution  or  abolition  of  respiratory  movement  on  the  affected 
side  is  connected  with,  and  immediately  dependent  upon,  the  fore- 
going symptom.  This  sign  in  itself  is,  of  course,  quite  as  important 
as  the  preceding;  but  as  consolidation  soon  develops  in  many  cases, 
it  is  often  rendered  w^orthless,  or  at  least  of  very  doubtful  value  for 
the  diagnosis.  Signs  of  pneumonia  may  make  their  appearance  as 
early  as  twenty-four  hours  after  the  entrance  of  the  foreign  body. 
In  Finkelnburg's  case  no  sonorous  rales  could  be  heard  over  the  area 
of  dulness,  which  was  quite  marked;  he  considered  the  phenomenon 
due  to  the  accumulation  of  secretions  in  a  space  cut  off  from  com- 
munication with  the  air.  The  vocal  fremitus  is  also  increased  over 
such  an  area  of  consolidation. 

It  is  to  be  noted  that  consolidation  is  not  a  necessary  consequence 
of  the  entrance  of  a  foreign  body.  In  a  number  of  cases,  at  least 
during  the  first  days,  atelectasis  only  develops  in  the  affected  portion 
of  the  lungs.     The  percussion  sound  may  be  somewhat  dull,  although 
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dulness  may  also  Ijo  absent  or  at  least  very  insignificant.  This 
obviously  depends  on  the  amount  of  air  remaining  in  the  lung, 
which,  again,  bears  a  fixed  relation  to  the  manner  in  which  the  f(jreign 
body  occludes  the  bronchus.  It  is  impossible  at  the  present  time 
to  discuss  the  subject  in  all  its  details,  as  these  finer  distinctions  are 
not  recorded  in  the  case-histories. 

3.  Sibilant  or  sonorous  rales  heard  over  the  suspected  site  of  the 
foreign  body  are  especially  important,  if  they  are  heard  on  one  side, 
in  the  interscapular  space.  The  rales  may  be  very  loud,  and  a  thrill, 
wdiich  may  be  transmitted  to  the  trachea,*  is  sometimes  felt  if  the  hand 
is  applied  to  the  area. 

Sometimes  the  nature  of  the  foreign  body  greatly  favors  the 
production  of  a  sound ;  for  instance,  the  whistling  sound  heard  in  the 
case  in  which  a  whistle  had  been  aspirated. 

4.  Pain  and  Paresthesia. — Pain  is  complained  of  only  when  the 
body  remains  in  the  same  place  for  some  time  and  sets  up  an  inflam-. 
matory  process.  As  a  rule,  however,  the  patients  at  once  complain 
of  a  feeling  of  pressure  and  uneasiness ;  they  often  say  they  feel  as  if 
the  object  were  mo^^ng. 

There  are  also  cases  in  which  severe  and  characteristic  pain  im- 
mediately follows  the  entrance  of  the  foreign  body  if  its  size  is  such 
as  to  cause  \dolent  distention  of  the  tissues.  The  patient's  state- 
ments on  this  point  must,  however,  be  accepted  with  great  caution; 
there  are  cases  in  which  the  pain  was  referred  to  the  chest  when  the 
foreign  body  was  in  the  larynx,  and  vice  versa. 

5.  Dyspnea. — Dyspnea  sets  in  at  once,  but  the  respiration  is  not  at 
all,  or  only  slightly,  accelerated.  There  is  some  interference  with 
both  inspiration  and  expiration ;  one  of  the  tw^  o  is  usually  very  labored, 
but  it  may  be  either  one  or  the  other.  Judging  from  what  occurs  in 
analogous  cases  in  the  trachea,  it  might  be  supposed  that  inspiration 
w^ould  be  chiefly  affected;  but  it  is  expressly  stated  in  some  cases 
that  expiration  w^as  chiefly  affected,  and  this  is  also  true  of  some 
cases  of  tracheal  stenosis. 

Although  the  dyspnea  is,  as  a  rule,  continuous,  there  are  also 
a  number  of  cases  characterized  by  occasional  exacerbations,  and 
Da  Costa,  in  speaking  of  his  case,  in  which  a  piece  of  apple  had  entered 
the  air-passages,  directly  mentions  bronchial  asthma.  The  foreign 
body  was  evidently  movable ;  it  is  also  quite  possible  that  the  dyspneic 
attacks  excited  by  local  irritation  at  various  points  of  the  respiratory 
tract  may  closely  resemble  bronchial  asthma.  In  a  large  niunber  of 
cases  ominous  attacks  of  asphyxia  were  reported. 

These  attacks  of  suffocation  are  often  very  severe  and  chrectly 
threaten  the  patient's  life;  they  are  particularly  apt  to  occur  during 
the  initial  period,  before  the  foreign  body  has  become  firmly  fixed,  so 

*  In  one  case  the  rales,  which  could  be  heard  over  the  sound  side,  were  endowed 
with  a  peculiar  timbre  by  the  presence  of  the  thrill ;  on  the  sound  side  the  phenomenon 
was  entirely  absent,  as  evidently  no  air  could  penetrate,  and  the  vibrations  were 
therefore  not  propagated. 
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that  it  can  be  driven  against  the  glottis  or  gives  rise  to  irritation  at 
the  region  of  the  spur  in  the  bifurcation.-  Gross  has  given  a  ^'ivid 
description  of  such  a  case.  The  patient  is  seized  \\'ith  a  feehng  of 
approaching  dissolution,  he  gasps  for  air,  looks  wildly  about  hirn,  and 
perhaps  loses  consciousness.  The  face  is  Hvid,  the  eyes  are  prominent, 
the  heart  beats  tumultuously,  and  the  body  twists  and  turns  in  all 
directions.  Foam,  often  mixed  ^\'ith  blood,  exudes  from  the  nose 
and  mouth;  at  times  he  grasps  at  liis  throat,  utters  piercing  screams, 
or  falls  into  a  condition  of  unconsciousness.  Sometimes  vomiting  fol- 
lows, and  ^ith  it  there  may  be  an  amehoration  of  the  symptoms. 
Involuntary  evacuation  of  urine  and  feces  may  occur. 

6.  The  sputum  is  usually  purely  catarrhal,  but  blood  may  be  mixed 
with  it  in  small  quantities.  Finally,  there  may  be  cases  in  which 
there  is  an  abundant  expectoration  (expiration)  of  blood.  The 
foreign  body  in  such  a  case  is  sharp,  or  it  has  remained  in  the  same 
place  a  long  time  and  caused  erosion  of  a  large  vessel.  Hemorrhage 
was  the  cause  of  death  in  some  cases. 

7.  Loss  of  consciousness  is  observed  after  sudden  occlusion  of  a 
large  bronchus. 

8.  Nausea. — Sanders  describes  in  his  own  case  a  peculiar  feeling 
of  nausea,  as  in  seasickness,  after  taking  only  a  small  quantity  of 
nourishment. 

9.  Peculiarities  of  Position  and  Attitude  on  the  Part  of  the  Patient. 
— Few  observations  on  this  point  have  been  recorded ;  in  many  cases 
the  attitude  is  not  significant  and  not  at  all  influenced  by  the  presence 
of  the  foreign  body.  But  there  are  cases  in  which  the  patients  are 
easy  only  when  lying  on  their  backs,  as  in  Schrotter's  case,*  in  which 
the  breathing  became  laborious  as  soon  as  the  patient  sat  up.  In  tliis 
case  the  foreign  body  (a  needle)  was  evidently  ver\^  movable,  and 
this  is  a  factor  of  very  considerable  importance  as  regards  the  attitude 
and  actions  of  the  patient.  He  vrill,  so  far  as  possible,  assume  a 
position  in  which  the  foreign  body  remains  quiet. 

Finally,  it  must  be  pointed  out  that  all  these  symptoms  may  be 
absent.  It  is  always  strange  how  differently  different  individuals 
react  to  this  injury.  It  is  the  general  rule  that  a  fit  of  coughing  and 
choking  occurs  at  the  moment  of  entrance  of  the  foreign  body.  How- 
ever, objects  of  considerable  size  have  entered  without  exciting  a 
suspicion  of  their  presence.  If  the  foreign  body  remains  movable, 
these  convulsive  attacks  are  repeated  from  time  to  time;  but  often 
they  become  more  and  more  rare,  although  the  body  remains  movable. 

The  attacks  may  also  persist  when  the  foreign  body  is  not  movable ; 
or  they  may  entirely  cUsappear  and  both  patient  and  physician  may 
believe  that  the  body  is  not  in  the  air-passages,  but  has  passed  into 
the  esophagus. 

But  even  if  all  symptoms  are  lacking,  disastrous  consequences 
will  gradually  develop,  and  the  presence  of  a  foreign  body  must  be 

*  Wiener  med.  Jahrbuch,  1868,  p.  61. 


FOREIGN  BODIES.  73 

inf(MTCHl  from  those  alone.     [Paroxysmal  cough  is  noted  in  most  of 
the  cases,  antl  is  more  coinmou  than  the  author  indicates. — Ed.] 

The  ultimate  consequences  of  the  presence  of  a  foreign  body  in 
a  bronchus  depend  much  less  on  its  size  and  form  than  on  certain 
attendant  circumstances.  According  to  our  present  knowledge,  we 
must  ask:  Was  the  body,  which  forced  its  way  in,  aseptic,  or  prac- 
tically aseptic,  or  w^as  it  capable  of  causing  infection? 

Schiiller  *  has  administered  to  rabbits  through  tracheal  wounds 
different  foods,  some  clean  and  some  mixed  with  filth,  blood,  and 
bacteria.  While  the  pure  foods  were  practically  harmless,  fatal 
pneumonia  quickly  followed  the  administration  of  the  impure  foods. 
We  find  that  fine  pieces  of  food  are  absorbed  even  in  the  bronchi  and 
alveoli,  and,  if  they  are  harmless  in  themselves,  are  tolerated  by  the 
body.  Absorbal^le  materials  cause  only  a  simple  catarrh ;  those  which 
cannot  be  removed  lead  to  chronic  cirrhotic  inflammation,  if  they  do 
not  produce  an  infection. 

According  to  these  experiments,  we  can  divide  the  consequences 
observed  in  man  into  simple  catarrhal,  chronic  inflammatory,  and 
infectious. 

The  first  are  frequent  enough  and  may  pass  away  completely  after 
some  weeks,  when  the  foreign  body  is  finally  disposed  of.  In  general, 
how^ever,  it  is  the  rule  that  a  chronic  inflammation  results,  if  the 
foreign  body  remains  more  than  two  or  three  days.f 

In  addition  to  bronchitis,  masses  of  growing  connective  tissue 
develop  in  the  deeper  layers  of  the  bronchus  and  in  the  adjacent  lung 
tissue;  the  final  result  is  the  formation  of  a  circumscribed  cirrhosis 
about  the  foreign  body  as  a  central  point.  This  process  may  be  very 
slight,  or  it  may,  under  certain  circumstances,  attain  enormous  di- 
mensions, and  a  whole  lung  has  been  found  changed  into  a  cavernous 
mesliAvork.  The  relations  may  be  so  changed  that  even  at  the  autopsy 
no  clear  idea  can  be  gained. 

Thus,  Kobler  relates  the  case  of  a  man  who  was  quite  suddenly  taken 
ill  with  cough  and  increasing  cachexia.  No  dulness  was  to  be  found  on 
the  left  side  in  front,  but  the  cardiac  dulness  was  present  on  the  right 
side,  and  the  apex-beat  was  in  the  right  mammiflary  line.  The  cardiac 
dulness  was  continuous  with  another  dull  area  which  extended  back- 

*  Deutsche  Zeitschr.  fi'ir  Chintrgie,  vii,  1877,  S.  302. 

t  The  following  exact  description  of  the  appearance  of  such  a  lung  two  days 
after  the  entrance  of  the  foreign  body  is  taken  from  Wagner:  A  bean  in  the  left 
bronchus  had  completely  occluded  it.  Death  after  two  days.  All  the  larger  branches 
of  the  left  bronchus  were  filled  with  grayish-red  masses  and  grayish-yellow  pus. 
The  upper  portion  of  the  left  lung  was  highly  emphysematous  and  poor  in  blood, 
and  under  its  pleura  there  were  considerable  collections  of  air.  The  rest  of  the 
lung  was  firm,  almost  airless,  and  the  cut  surface  showed  the  finer  bronchi  markedly 
distended,  either  uniforml}^  or  in  a  sacculated  manner.  The  lung  tissue  between 
the  enlarged  bronchi  resembles  a  sponge  with  partitions  thicker  than  normal  and 
cavities  much  narrowed.  In  only  a  few  places  was  the  tissue  air-containing;  a 
grayish-red  or  grayish-yellow  fluid  is  discharged  from  all  parts  of  the  lung.  The 
alveoli  are  smaller  than  normal  and  the  interalveolar  tissue  is  infiltrated. 
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ward ;  for  posteriorly  there  was  a  distinct  dulness  extending  from  the 
spine  of  the  scapula  downward  and  increasing  more  and  more  toward 
the  base.  In  the  axillary  space,  on  the  other  hand,  the  percussion 
sound  was  tympanitic,  the  pitch  changing  at  different  times.  High- 
pitched  bronchial  breathing  was  heard,  with  an  occasional  amphoric 
sound  and  accompanied  by  loud  sonorous  rales.  Along  its  surface  the 
right  lung  was  held  fast  by  firm  adhesions  to  the  parietal  layer  of  the 
pleura  and  to  the  pericardium.  The  lung  was  diminished  in  size  and 
showed  on  section  a  perfectly  airless,  hard  connective  tissue,  beset  by 
numerous  cavities,  in  which  the  vesicular  character  of  the  lung  tissue 
could  no  longer  be  recognized.  Most  of  these  cavities  have  a  cylindric 
form  and  the  inner  surface  of  their  walls  is  smooth;  they  correspond  to 
enlarged  bronchi  the  walls  of  which  are  very  much  thickened.  No 
foreign  body  Avas  found,  but  Kobler  firmly  believed  that  such  a  body 
was  the  cause  of  the  disease. 

The  tendency  to  bronchiectasis,  when  the  foreign  body  is  present 
for  some  time,  is  very  noteworthy  and  will  be  referred  to  again  later. 

In  the  great  majority  of  cases  septic  phenomena  make  their  ap- 
pearance ;  the  mildest  of  such  cases  are  those  in  which  there  is  simple 
suppuration.  The  suppurative  process  is  brought  about  by  foreign 
bodies  in  themselves  aseptic,  through  the  agency  of  bacteria  or  cocci 
which  are  normally  present  on  the  surface  of  the  bronchial  mucous 
membrane  and  are  enabled  to  pass  through  the  epithelium  after  it 
has  been  injured  by  the  foreign  body.  [Wood  points  out  that  if  the 
foreign  body,  as  a  spear  of  wheat,  breaks  up,  the  particles  migrate  and 
infect  various  regions  of  the  lung. — Ed.]  Hence  circumscribed  pneu- 
monia, which  may  result  in  sloughing,  caseation,  suppuration,  or  gan- 
grene, is  the  commonest  complication;  its  course  depends  on  the 
variety  and  number  of  the  invading  bacteria  and  the  patient's  powers 
of  resistance.  [In  the  editor's  case  a  child  aged  four  swallowed  a 
tack.  A  circumscribed  abscess  developed  in  the  midscapular  region. 
It  terminated  in  spontaneous  rupture  into  the  bronchus  with  simul- 
taneous expulsion  of  the  tack.  The  cavity  healed  subsequently 
without  event,  although  the  child  was  lost  sight  of  at  the  end  of  two 
months. — Ed.]  A  circumscribed  pneumonia  of  this  kind  may  be  very 
small  in  extent  and  run  its  course  without  being  recognized;  or  it 
may  be  multiple ;  or  it  may  extend  over  a  wide  area,  as  we  can  readily 
understand.  The  subsequent  course  of  pulmonary  abscesses  and 
gangrene  originating  in  this  way  will  not  be  discussed  in  this  article, 
since  chapters  in  our  '^  Handbook  "  are  devoted  to  these  subjects. 
[Geo.  B.  Wood  analyzed  89  cases  of  foreign  bodies  in  the  air-passages. 
The  diseases  resulting  were:  Gangrene,  9%,  with  a  mortality  of  75%; 
abscess,  29%,  with  a  mortality  in  single  of  30%;  pneumonia,  11%, 
with  a  mortality  of  40%;  bronchitis,  18%,  with  a  mortality  of  6|%. 
—Ed.] 

A  typical  bronchiectasis  not  infrequently  develops,  and  the 
mechanism  of  its  production  should  not  be  difficult  to  understand. 
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If  the  foreign  body  completely  occludes  tlie  Itioiichus,  the  air  in  the 
bronchial  tree  and  in  the  alveoli  soon  undergoes  absorption,  admit- 
ting the  possibility  of  collapse  taking  place,  and  atelectasis  of  the 
lung  accordingly  results.  This  is  followed  by  a  chronic  inflammatory 
process  which  may  last  indefinitely,  but  in  the  course  of  this  inflam- 
matory process  the  foreign  body  again  becomes  movable,  since  a  per- 
manent hermetic  occlusion  is  hardly  conceivable.  The  foreign  body 
is  dislodged  by  ulcerative  processes  and,  under  the  influence  of  some 
form  of  ^•iolence,  is  forced  either  upward  or  downward  into  some 
portion  of  the  bronchial  tree,  where  it  descends  deeper  when  suppura- 
tion sets  in.  After  a  time  air  again  enters  the  lung  and  gi\-es  rise  to 
cough,  which  may  lead  to  the  formation  of  bronchiectasis;  micro- 
organisms also  obtain  free  entrance  and  may  produce  suppuration  or 
even  gangrene.  A  combination  of  processes  then  arises  which  cul- 
minates in  the  formation  of  cavities,  and  it  is  impossible  to  say, 
without  being  accused  of  arbitrary  assertion,  whether  they  represent 
true  caAdties  or  bronchiectases. 

If  the  bronchus  is  not  completely  occluded  by  the  foreign  body 
at  the  time  of  its  entrance,  a  still  greater  opportunity  for  the  forma- 
tion of  bronchiectasis  is  given;  for  the  air  can  then  penetrate  con- 
tinually into  the  affected  side,  the  cough  and  catarrh  which  soon 
develop  combine  to  produce  a  narrowing  of  the  region  occupied  by 
the  foreign  body,  and  necessarily  present  some  obstruction  to  the 
entrance,  and  still  more  to  the  escape,  of  the  air.  As  will  be  stated 
once  more  in  the  section  on  Bronchiectasis,  stenosis  itself  may  be  the 
ultimate  cause  of  such  formations. 

How  much  the  nature  of  the  disease  which  develops  as  the  result 
of  the  aspiration  of  foreign  bodies  is  dependent  on  the  micro-organisms 
that  enter  the  body  at  this  time  has  been  shown  by  recent  fincUngs 
in  cases  of  actinomycosis.*  In  one  instance  the  ray  fungus  was 
present  in  a  tooth,  a  fragment  of  which  entered  the  lung,  and  a  colony 
of  actinomyces  developed  about  the  fragment  of  tooth.  It  is  well 
known  that  heads  and  spears  of  grass  are  very  often  the  carriers  of 
actinomyces,  and  it  is  equally  well  know^n  that  these  bodies  or  parts 
of  them  often  make  their  way  into  the  lungs.  [Geo.  B.  Wood's 
analysis  of  89  cases  shows  that  abscess  occurs  in  29%,  with  a  mor- 
tality of  100%  in  multiple  and  30%  in  single  abscess ;  gangrene  occurs 
in  9%,  with  a  mortality  of  75%;  pneumonia  in  11%,  mortality  40%; 
bronchitis  18%o,  mortality  6.25%.— Ed.] 

In  addition  to  these  morbid  processes  in  the  lung  on  and  around 
the  foreign  body,  the  development  of  pneumonia  in  the  lung  wliich 
does  not  contain  the  foreign  body  should  also  receive  some  attention; 
in  this  connection  the  cases  of  Mackay  and  Masius  may  be  men- 
tioned. I  am  inclined  to  interpret  these  cases  as  accidental  coin- 
cidences. If  one  lung  becomes  atelectatic,  I  believe  that  the  other 
as  a  necessary  consequence  undergoes  dilatation ;  that  is,  it  becomes 

*  Israel,  Archiv  /.  klin.  Chir.,  vol.  xxxiv;  lUich,  Beitrag  der  Klinik  der  Aktino- 
mykose,  Vienna,  1892. 
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swollen  and  more  vascular.  Inflammation,  however,  develops  only 
when  a  special  opportunity  is  given  for  infection.  Under  ordinary 
circumstances  the  compensatory  powers  of  the  individual  are  aroused, 
and  the  sound  lung  puts  itself  into  condition  to  satisfy  the  needs 
of  the  organism.  Attention  has  been  called  by  Gross  and  Kobler  to 
the  occurrence  of  pleurisy  in  connection  with  the  bronchopneumonia 
which  was  present  in  the  lung. 

Simple  pneumothorax  was  observed  in  Ast's  case,  which  strangely 
enough  ended  in  recovery.  More  commonly  the  foreign  body  gets 
into  the  pleurae  by  a  process  of  suppuration ;  an  encapsulated  abscess 
results,  and  the  prognosis  becomes  extremely  grave.  True  pyopneu- 
mothorax is  a  pathologic  curiosity. 


DIAGNOSIS. 

It  follows  from  the  foregoing  explanation  that  the  diagnosis  may 
be  quite  simple  under  favorable  circumstances,  when  a  positive  history 
is  obtained  and  the  symptoms  are  typical;  and,  on  the  other  hand, 
that  it  ma}^  be  surrounded  by  the  greatest  difficulties.  It  is  not 
necessary  to  repeat  the  diagnostic  points  seriatim,  since  they  have 
been  fully  discussed  under  the  head  of  Symptoms.  Every  one 
of  the  symptoms  that  have  been  mentioned,  including  the  rarer 
ones,  must  be  thoroughly  known  and  receive  due  consideration,  for 
a  single  symptom  may  be  so  distinct  that  it  alone  suffices  to  enable 
one  to  recognize  the  condition.  [In  every  case  the  chest  should  be 
examined  by  the  x-ray  method.  It  must  be  examined  at  various 
angles.  It  is  true  the  great  distress  often  renders  the  examination 
difficult  and  lessens  its  value. — Ed.]  The  most  difficult  cases  are  those 
in  which  no  history  is  given,  as  the  patient  himself  has  no  suspicion 
that  a  foreign  body  has  entered  his  air-passages.  In  all  such  cases, 
which  from  the  very  outset  impress  the  physician  as  diagnostic 
riddles,  he  should  consider  the  possibility  of  the  presence  of  a  foreign 
body,  especially  if  one  of  the  following  conditions  is  present:  (1)  Cir- 
cumscribed bronchopneumonia  and  bronchiectases,  more  particularly 
in  the  lower  lobe  of  the  right  lung;  (2)  symptoms  pointing  to  abscess 
formation,  when  no  cause  for  the  same  can  be  found;  (3)  advanced 
age,  especially  when  combined  with  a  peculiar  condition  of  somnolence 
(as  observed  in  the  cases  of  Hamburger  and  Hecker)  which  appears 
inexplicable  and  is  accompanied  by  marked  symptoms  referable  to 
the  respiratory  apparatus. 

In  practice  numerous  examples  are  met  with  in  which  the  presence 
of  a  foreign  body  was  mistaken  for  croup,  and  vice  versa;  operations 
have  even  been  performed  on  the  strength  of  such  a  mistaken  diag- 
nosis. In  very  acute  cases  of  asphyxia,  when  laryngoscopy  is  not 
practicable,  the  diagnosis  may  remain  in  doubt  for  several  days. 
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TREATMENT. 


The  treatment  clepencls  altogether  on  circumstances;  there  is  no 
single  method  that  is  applicable  to  all  cases.  Three  courses  are  open 
to  the  physician:  (1)  Operation;  (2)  position,  with  the  administration 
of  emetics  to  favor  the  expulsion  of  the  foreign  body  by  retching  and 
vomiting;  (3)  expectant  treatment.  These  three  possible  methods 
of  treatment  are  not  always  to  be  used  separately;  a  combination 
of  them  is  often  more  advisable.  The  attending  physician  should 
adopt  a  certain  line  of  treatment  after  carefully  weighing  the  indi- 
vidual features  of  the  case.  To  lay  down  rules  that  would  satisfy  all 
the  possibilities  which  might  arise  is  simply  impossible,  and  would 
result  in  an  absurd  schedule.  By  studying  the  case-histories  con- 
tained in  the  literature  and  mastering  all  the  possibilities  of  the 
individual  methods  of  treatment,  the  physician  may  put  himself  into 
condition  to  act  promptly  and  scientifically  in  any  given  case.  There 
are  many  points  in  favor  of  operation.  The  glottis,  as  is  well  known, 
is  the  chief  obstacle  to  the  removal  of  the  foreign  body.  Whenever 
the  latter  is  forced  up  into  the  trachea  by  coughing,  and  comes  in  con- 
tact with  the  mucous  meml^rane  on  and  around  the  lower  surface  of 
the  true  vocal  cords,  a  con^allsive  attack  immediately  results,  the 
glottis  closes,  and  the  foreign  body  is  unable  to  escape ;  on  the  con- 
trary, violent  attacks  of  coughing  are  produced  and  the  patient  is 
in  danger  of  choking.  Debilitated  individuals  may  succumb  to  an 
attack  of  this  kind.  Low  tracheotomy  at  once  removes  the  chief 
obstacle  to  the  escape  of  the  foreign  body  and  a  danger  which  directly 
threatens  the  patient's  life;  it  therefore  satisfies  two  of  the  most 
important  indications,  and  all  that  can  be  said  against  it  is  that  there 
are  a  great  many  cases  in  which  the  foreign  body  succeeds  in  passing 
the  glottis  during  an  attack  of  coughing,  that  such  a  possibility 
therefore  exists,  and  would  make  the  operation  superfluous.  This  is 
an  argument  of  doubtful  wisdom,  however,  for  it  would  mean  that  in 
three-fourths  of  the  cases  all  medical  aid  should  be  refused;  whereas 
tracheotomy  distinctly  increases  the  chances  of  recovery  and  lessens 
the  immediate  danger  from  the  foreign  body,  especially  in  children 
and  very  old  people.  The  operation  is  therefore  indicated  in  all 
cases. in  which  the  foreign  body  is  movable;  although  attempts  may 
first  be  made  with  position  and  the  administration  of  emetics  until 
the  preliminaries  for  the  operation  can  be  completed.  [Prolonged 
instrumentation  favors  the  occurrence  of  pneumonia,  so  that  Weist 
held  that  one  death  took  place  in  3^  cases  not  operated  on,  while 
one  in  4  cases  operated  on  terminated  fatally  from  inflammation  of 
the  lung. — Ed.]  If  the  foreign  body  is  wedged  fast,  either  in  the 
lower  portion  of  a  main  bronchus  or  in  one  of  its  ramifications, 
tracheotomy  offers  less  chances  of  success,  since  it  is  not  permissible 
to  grope  about  in  the  dark  with  forceps  and  other  instruments.  It 
is  true  that  Landgraf  has  shown  that  the  bronchus  may  be  cathe- 
terized  with  a  suitable  catheter  through  the  mouth,  and  a  number 
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of  cases  have  been  reported  in  which  the  foreign  body  was  dislodged 
or  extracted  by  means  of  instruments  introduced  through  the  tracheal 
wound.  I  believe,  however,  that  an  attempt  should  always  be 
made  to  obtain  a  view  of  the  foreign  body  with  the  mirror  intro- 
duced into  the  tracheal  wound,  and  that  forceps  should  be  introduced 
only  when  the  object  can  be  distinctly  seen.  If  it  cannot  be  seen, 
any  \dolent  interference  in  the  dark  is  unjustifiable;  at  most  an  oiled 
feather  may  be  introduced  in  the  hope  of  rendering  the  object 
movable  and  exciting  cough  so  that  it  may  be  expectorated  or  at 
least  brought  into  \dew. 

If  these  methods  fail,  expectant  treatment  should  not  be  pursued 
too  long.  Some  enterprising  operators  have  entered  the  medias- 
tinum through  the  anterior  wall  of  the  thorax  and  opened  the  bronchi 
directly;  but  these  are  desperate  procedures,  which,  all  things  con- 
sidered, can  only  be  justified  by  very  unusual  circumstances,  and  I, 
who  am  no  surgeon,  am  not  in  a  position  to  discuss  them.  The 
literature  does  not  contain  any  cases  successfully  treated  in  this 
way.  [Willard  and  Matas  venture  to  hope  that  better  results  mil  be 
secured  either  by  an  anterior  or  a  posterior  route  to  the  bronchus, 
providing  surgeons  use.  the  Fell-0'Dwyer  apparatus  to  keep  up 
artificial  respiration. — Ed.] 

Operation  has  been  accorded  the  first  place  because  it  is  an  ex- 
tremely important  and  useful  procedure,  and  must  be  resorted  to  in 
the  great  majority  of  cases.  I  distinctly  emphasize,  however,  that 
it  is  not  indicated  under  all  circumstances,  although  there  are  radical 
fanatics  who  make  this  claim.  These  cases  require  a  careful,  con- 
servative, and  dehberate  surgeon.  He  who  is  anxious  for  the  opera- 
tion, who  cannot  stop,  cannot  wait,  who  sacrifices  everything  to  the 
one  purpose  of  getting  out  the  foreign  body,  may  at  times  sacrifice  to 
this  object  the  life  of  his  patient. 

Position. — The  simplest  method,  and  the  one  which  should  be 
tried  immediately  on  the  occurrence  of  the  mishap,  is  the  laying 
of  the  patient  in  a  suitable  position.  Children  may  be  held  up  by 
the  legs,  and  by  frequent  blows  between  the  shoulder-blades  the 
foreign  body  may  be  shaken,  so  that  the  stream  of  air  may  force 
it  out.  The  fear  that  the  foreign  body,  on  its  way  out,  may  obstruct 
the  glottis  and  cause  death  by  suffocation  is  only  to  be  considered 
in  the  case  of  very  unfavorably  formed  bodies  and  in  very  weak 
indi^dduals,  especially  old  people.  An  adult  should  be  laid  crossmse 
on  the  bed,  and,  mth  the  upper  part  of  the  body  hanging  down 
and  his  hands  resting  on  the  floor,  should  be  caused  to  cough  and 
retch,  or  he  may  be  placed  in  an  exaggerated  Trendelenburg  posi- 
tion. One  should  insist  that  inspiration  be  cautious  and  gradual, 
expiration  sudden  and  violent.  In  the  case  of  Brodie,  the  patient 
was  laid  on  his  back.  I  would  consider  the  abdominal  position 
better;  for,  if  the  head  is  inclined  backward,  the  spinal  column  must 
force  the  trachea  forward  at  the  level  of  the  fourth  and  fifth  cervical 
vertebrae,  and  by  this  means  cause  a  bending  which  is  decidedly 
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undesirable.  The  jwsition  of  the  neck  should  exidcntly  be  quite 
similar  to  that  prescribed  for  tracheoscopy,  which  includes  sli<;ht 
forward  movement  of  the  nape  of  the  neck.  The  patient  nuist  not  let 
his  head  hang  forward  with  his  chin  resting  on  his  chest,  as  this  would 
compress  the  trachea  anteriorly. 

These  attempts  are  to  be  made  immediately,  as  in  the  beginning 
the  foreign  body  is  rarely  ver}'  firmly  fixed,  and  success  ob\'iously 
depends  on  its  mobility.  In  so  doing,  however,  it  is  not  to  be  forgotten 
that  while  such  bodies  may  be  made  movable  again  by  coughing  and 
respiration,  they  may  also  be  driven  further  into  the  bronchi  by  such 
exertions  if  size  and  shape  are  suitable.  The  movements  of  a  head 
of  grain  evidently  depend  on  the  way  in  which  it  entered.  If  the  upper 
end  was  the  first  to  enter,  it  will  not  penetrate  deeper;  if  the  lower  end 
came  first,  it  ^nll  be  driven  deeper  by  every  effort  made  to  dislodge 
it.  It  is  ad^'isable  to  supplement  the  above-mentioned  methods  by 
the  use  of  emetics,  particularly  as  we  have  in  apomorphin  such  a 
pleasant  and  effective  remedy.  The  use  of  other  internal  remedies 
cannot,  in  my  judgment,  be  considered. 

Expectant  Treatment. — The  tliird  method  of  treatment  still  re- 
mains to  be  considered — namely,  to  wait  and  leave  the  course  of 
events  to  natm-e.  This  course  is  naturally  adopted  very  un^^ilhngly 
by  both  laymen  and  physicians,  yet  it  is  under  certain  circum- 
stances the  only  one,  especially  when  the  foreign  body  lies  firmly 
embedded  in  a  small  branch  of  one  of  the  bronclii.  We  may  then 
console  ourselves  .by  the  thought  that  the  object  may  again  become 
movable  by  inflammatory  softening  of  the  surrounding  tissues,  when 
active  efforts  may  be  made  for  its  removal.  In  regard  to  the  possible 
consequences,  we  have  to  consider  whether  they  can  be  prevented 
and  whether  they  indicate  any  fm-ther  interference.  This  C|uestion 
will  not  be  discussed  at  this  point.  In  certain  cases  recovery  can  be 
expected  only  from  the  formation  of  an  abscess  and  evacuation  of 
the  pus  by  expectoration;  tliis  applies  particularly  when  a  head  of 
grain  has  gotten  into  the  air-passages;  in  these  special  cases  nature 
is  undoubtedly  the  best  healer,  if  the  removal  is  not  immediately 
brought  about. 

Among  the  simpler  methods  of  treatment  we  find  breathing  with 
Waldenburg's  apparatus  recommended.  The  patient  must,  of  course, 
be  made  to  inspire  carefully  under  ordinary  pressure  and  then  expire 
into  the  apparatus  under  negative  pressure.  This  treatment  is  by 
no  means  to  be  despised,  although  I  believe  that  it  acts  much  too 
slowly  and  ineffectively  to  be  applicable  in  ordinary  cases.  At  times, 
when  the  physician  must  wait  and  can  do  nothing  for  a  time  to  re- 
lieve the  patient,  such  mild  measures  are  invaluable.  As  the  signifi- 
cance of  the  method  is  chiefly  psychic,  it  may  often  be  replaced 
by  other  inhalation  methods  or  by  medicinal  measures. 

One  or  two  points  of  especial  importance  in  the  treatment  may  be 
gleaned  from  the  statistics.     It  is  often  said  that  the  literature  is 
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enormous;  as  a  matter  of  fact,  there  is  a  distinct  dearth  of  well- 
described  cases  that  can  be  utilized  for  purposes  of  analysis.  A 
more  extensive  collection  would  be  of  the  greatest  value. 

AVe  can  see  from  the  material  now  at  hand  how  great  is  the  differ- 
ence in  the  therapeutic  outlook  in  different  cases,  the  difference  de- 
pending in  great  part  on  the  nature  of  the  foreign  body.  As  the 
physical  peculiarities  of  the  object  play  so  important  a  part,  I  have 
made  the  classification  before  mentioned. 

The  first  group,  under  which  I  have  placed  the  objects  which,  on 
account  of  their  hardness  and  smoothness,  seem  especially  fitted  for 
expectoration,  if  the  location  is  favorable,  is  much  too  small  to  enable 
us  to  draw  any  conclusions.  There  are  ten  cases.  One  untreated 
case  ended  fatally ;  nine  were  cured ;  of  these,  six  were  tracheotomized, 
but  in  three  cases  the  operation  was  without  influence  on  the  result. 

We  can  say,  then,  that  in  these  cases  the  outlook  is  favorable  for 
the  patient,  and  that  tracheotomy  may  perhaps  be  omitted  if  the 
patient  is  placed  in  a  suitable  position.  The  ideal  case  is  that  of 
Niemeyer,  in  which  expulsion  was  directly  due  to  the  hardness  and 
smoothness  of  the  bullet.  I  believe  that  the  outlook  in  these  cases 
may  be  made  much  more  favorable  by  the  use  of  cocain  (without 
tracheotomy). 

In  the  second  group  are  collected  those  bodies  which  are  hard  and 
at  the  same  time  so  irregular  that  impaction  can  be  predicted  almost 
with  certainty.  Their  expulsion  is  possible  only  by  means  of  artificial 
help  or  through  the  formation  of  an  abscess,  with  the  pus  of  which 
the  objects  may  be  expelled  (51  cases).  In  untreated  cases  the 
chances  for  recovery  and  for  death  are  about  equal — 17:  21 ;  in  those 
cases  in  which  the  operation  was  performed  the  outlook  was  somewhat 
better — 3  :  10;  but  the  total  number  of  cases  is  evidently  too  small. 
The  cases  are  also  of  very  unequal  value. 

Heads  of  grain  constitute  the  next  group.  The  chances  of  the 
spontaneous  expulsion  of  these  bodies  are  extremely  slender.  In 
the  16  cases  reported,  there  was  not  one  in  which  the  foreign  body 
was  immediately  expectorated;  after  a  longer  time  (fifty  days  to  many 
years)  only  four  were  expelled;  4  cases  ended  fatally;  the  rest  (8) 
ended  in  recovery  by  means  of  abscesses  which  ruptured  through  the 
wall  of  the  thorax.  The  outlook  for  tracheotomy  seems  very  bad, 
as  no  operative  case  is  found  in  my  list.  Yet  as  the  technic  advances, 
we  shall  prefer  operation  to  the  long  sickness,  with  all  its  doubtful 
chances,  when  we  can  see  the  head  of  grain.  It  is  worthy  of  note  that 
the  danger  to  life  is  no  greater  (1:3). 

The  group  of  fruit-seeds  is,  next  to  the  second  group,  the  greatest 
(43  cases).  There  were  22  fatal  cases,  against  15  recoveries.  Of  the 
recoveries,  7  were  with,  and  8  without,  tracheotomy;  while  of  the 
fatal  cases,  6  were  with,  and  16  without,  tracheotomy.  The  prognosis 
is  unquestionably  more  unfavorable  than  in  the  two  other  groups, 
and  the  results  speak  most  decidedly  for  tracheotomy,  if  conclusions 
may  be  drawn  from  so  small  a  number  of  cases.     The  idea  of  dis- 
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tinguisliing  those  that  swcU  in  water  from  thos(>  that  do  not,  is  useful, 
as  the  behavior  of  the  two  must  be  quite  different.  The  hard  ones 
approach  in  their  characteristics  the  smooth,  metalhc,  and  glass  bodies, 
and  might  very  appropriately  be  grouped  with  them.  Those  that 
swell  in  water,  however,  must  form  a  special  group  (30  cases).  Of 
these,  17  died  and  13  recovered.  Of  these  cases,  28  may  be  still 
further  analyzed:  11  were  tracheotomized,  of  whom  3  died  and  8 
recovered;  17  were  not  tracheotomized,  of  whom  12  cUed  and  5  re- 
covered. Hence  if  we  consider  separately  the  group  consisting  of 
seeds  which  swell,  it  appears  that  the  prognosis  for  the  patients  who 
are  not  tracheotomized  is  much  more  unfavorable,  and  the  opera- 
tion is  therefore  more  emphatically  indicated. 

It  is  to  be  remembered  that  these  bodies  as  they  swell  up  become 
firmly  embedded  and  cannot  then  be  expelled.  In  many  cases  we 
succeed  in  making  them  movable  by  tracheotomy.  In  this,  however, 
great  caution  is  to  be  used;  if  the  foreign  body  cannot  be  seen,  the 
bronchi  must  not  be  explored  with  hard  instruments,  unless  the  sur- 
geon washes  to  invite  the  reproach  of  rough  and  imprudent  manage- 
ment. [Willard  states  that  voluntary  expulsion  "of  seeds,  etc.," 
takes  place  in  74%  with  recovery. — Ed.] 

The  last  group  gives  no  cause  for  remarks;  as  the  cases  present 
altogether  too  many  differences,  no  conclusions  can  be  drawn  from 
such  a  small  collection. 

[Dr.  Hodge  has  very  kindly  collected  the  cases  reported  since  the 
publication  of  the  original  article  and  added  them  to  the  tables. 
Following  the  author's  classification,  the  added  cases  yield  the  fol- 
lowing percentages  of  deaths  and  recoveries.  It  may  be  said  that 
Wood  foimd  a  mortahty  of  34%  in  all  cases.  Spontaneous  expulsion 
took  place  in  51  out  of  89  cases.  In  only  three  out  of  53  cases 
ending  in  complete  recovery  was  the  foreign  body  in  the  lung;  while 
in  24  out  of  30  cases  that  terminated  in  death  the  foreign  body  was 
not  expelled  or  removed.  In  62  of  the  89  cases  the  foreign  body  was 
removed  or  expelled,  and  of  these  only  6  resulted  fatally.  Hence 
removal  of  the  foreign  body  gives  the  best  prognosis. — Ed.*] 

*  The  following  references  are  appended  for  those  interested  in  the  surgical 
removal  of  foreign  bodies  from  the  air-passages:  Crile:  "Surgery,"  "Respiratory 
System,"  2d  Ed.,  p.  92.— Poulet:  "Foreign  Bodies,"  1880,  vol.  ii,  p.  22.— Weist: 
"Trans.  Amer.  Surg.  Assoc,"  vol.  i,  1883,  p.  121.— Northrup:  "N.  Y.  Pres.  Hosp. 
-  Reports,"  1896,  p.  132.— Milton:  "The  Lancet,"  London,  March  27,  1897.— Willard: 
"Trans.  Amer.  Surg.  Assoc,"  1891,  p.  345,  vol.  ix;  "Trans.  Coll.  Phys.,"  Phila., 
1891,  "Am.  Jour.  Med.  Sci.,"  Dec,  1891.— Gaston:  "Trans.  Amer.  Surg.  Assoc," 
vol.  XIV,  1896,  p.  465. — Bryant:  "Posterior  Mediastinum,"  "Trans.  Amer.  Surg. 
Assoc,"  vol.  XIII,  p.  443. — Curtis :"  Annals  of  Surgery,"  1898,  vol.  xxviii,  p.  605. — 
Rushmore:  " N.  Y.  Med.  Jour.,"  1891,  liv,  85. — Matds:  "Trans.  Louisiana  State 
Med.  Soc,"  1898;  "Trans.  Southern  Surg.  Soc,"  1899;  "Annals  of  Surgery,"  1899, 
p.  409. — Depaul:  "Jour,  de  Chirurgie,"  1845. — Doyen:  "Technique  Chirurgicale," 
pp.  129-133.— Tuffier:  "  Societe  de  Biologie,"  No.  21,  1896.— Wood,  G.  B. :  "  Foreign 
Bodies  in  the  Air-passages,"  "Phila.  Med.  Jour.,"  June,  1899. 
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Group  1. — Hard  and  Smooth  (5  Cases). 

Operated  =^  2 

Death.        Recovery. 

Tracheotomy 0  1 

Intubation   0 1 

0  2 

Unoperated  =  3 0  2  1  result  not  given. 

Adding  old  cases  (10),  total: 

Death.  Recovery. 

Operated 0  8 

Unoperated 1  5         1  result  not  given. 

Group  2. — Hard  and  Irregular  (44  Cases). 

Death.        Recovery. 

Operated  =  20 5  15         6  secondary  thoracoplasties. 

Unoperated  =  24   5  19 

Adding  old  cases : 

Death.  Recovery. 

Operated 8  25 

Unoperated    22  40 

Group  3. — He.ads  of  Grain. 
No  cases. 

Group  4. — Fruit  Seeds. 

a    Not  swelling  in  water  =  7. 

Death.        Recovery. 

Operated  ^4 2  2 

Unoperated --=  3 1  2         Ascaris     himbricoides     compli- 

cated the  fatal  case. 

b.  Swelling  in  water  --  20. 

Death.  Recovery. 

Operated  =  12 1  11 

Unoperated  =  8 3  5 

Group  5. — Miscell.aneous. 

Death.        Recovery. 

Operated • 0  7 

Unoperated    5  4 


SUPPLEMENT. 

FOREIGN  BODIES   IN   THE   AIR-PASSAGES   WHICH   HAVE   NOT 
REACHED  THEM  FROM  OUTSIDE.     STONES. 

LITERATURE. 

Poulalion:  These  de  Paris,  1891.— Fraenkel:  "Berliner  klin.  Wochenschr.," 
1889,  S.  142.— Montane:  "Lancet,"  1887,  Jun.,  p.  184.— Lloltz:  "Allgemeine  med. 
Central-Zeitung,"  Berlin,  1890.— Carlyon :  "Brit.  Med.  Jour.,"  1890,  Dec,  p.  1474. 

Parts  of  our  bodies,  changed  by  disease  processes,  cast  off,  and 
entering  the  bronchi,  may  there  act  as  foreign  bodies. 

I.  The  most  frequent  of  these  foreign  bodies  are  calcareous  con- 
cretions, which  come  from  calcified  bronchial  glands,  perforate  the 
bronchial  wall  by  processes  of  inflammation  and  suppuration,  and 
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get  into  the  lumen  of  a  bronchial  branch.  Parts  of  the  bronchi  them- 
selves, of  the  lungs,  or  of  the  pl6ura3,  may  calcify,  and  after  being 
cast  off  get  into  the  bronchi;  tumors  and  hydatids  growing  in  the 
lungs  may  in  part  undergo  the  same  process.  Even  nmcus,  after 
lying  for  some  time  in  a  cavit}',  may  be  changed  into  a  calcareous 
stone.  In  some  individuals  the  tendency  to  such  calcareous  forma- 
tions is  quite  surprising;  they  often  cough  up  small  calcareous  con- 
cretions. 

The  statistics  of  these  peculiar  cases  are  found  in  Poulalion's 
works.  He  himself  (Obs.  32)  observed  a  man  who  coughed  up  about 
100  stones;  in  Obs.  34  there  was  a  stone  in  a  cavity  which  evidently 
communicated  with  a  bronchus;  in  Obs.  37,  stones  were  found  in 
several  tuberculous  cavities;  in  Obs.  38,  a  case  of  chronic  pneumonia, 
there  was  a  stone  in  the  lungs.  Observations  of  stones  which  were 
evidently  derived  from  the  bronchi  are  quoted  from  Andral,  Dufour, 
Hamilton,  Geribont,  Vidal,  Leclere,  and  Moscato.  These  stones  were 
characterized  by  various  processes,  evidently  corresponding  to  rami- 
fications of  the  bronchi.  They  are,  therefore,  often  extremely  irregu- 
lar in  form;  the  surface  is  smooth  or  slightly  mammillated;  the  size 
is  ^•ery  variable,  from  that  of  a  bean  to  that  of  a  cherry;  they  vary 
also  in  consistency,  some  being  quite  friable;  the  color  is  whitish  or 
gray.  On  section,  layers  have  been  found,  and  also  fluid  in  the 
center,  as  in  gall-stones ;  and,  finally,  foreign  bodies  have  been  demon- 
strated as  forming  the  nuclei  of  broncholiths  in  some  instances.  The 
chemical  constituents  are,  in  the  main,  calcium  phosphates  and 
carbonates,  so  combined  that  the  former  usually  predominate.  But 
the  stone  reported  by  Fraenkel  consisted  essentially  of  calcium  car- 
bonate. In  the  analj^sis  of  Audouard,  26.3  parts  of  calcium  phos- 
phate to  23.4  parts  of  calcium  carbonate  were  found.  The  stone  of 
Montane  had  the  same  composition.  Magnesium  carbonate  was 
found  by  I'Heritier. 

The  formation  of  these  stones  is  as  follows :  the  sputum  stagnates 
in  certain  places,  calcium  deposits  settle  upon  it,  and  finally  so  in- 
crease that  a  firm  stone  is  the  result.  Blood-clots,  membranes,  and 
even  foreign  bodies  may,  of  course,  serve  as  places  of  deposit  for  the 
calcium  salts  as  well  as  thickened  bronchial  mucus.  We  cannot,  of 
course,  doubt  that  a  certain  constitutional  anomaly  plays  a  role  in 
the  occurrence  of  such  excretions.  There  are  people,  however,  who 
'excrete  an  unusually  large  supply  of  calcium  through  the  lungs.  This 
may  be  favored  in  a  high  degree  by  manner  of  life  and  by  disease,  but  a 
constitutional  tendency  must  play  a  part  in  it.  I  myself  recovered  a 
bronchial  stone  from  a  twenty-year-old  girl  who  suffered  from  chronic 
bronchitis  and  whose  father  had  a  characteristic  renal  calculus. 

(a)  Besides  the  calcareous  concretions,  cartilaginous  and  bony 
masses  have  been  found  free  in  the  air-passages  and  coughed  up. 
Thus,  the  cartilages  of  the  bronchi  or  of  the  trachea  may  slough  off 
and  act  like  free  bodies;  enchondromata  may  form  in  the  lungs,  not 
only  in  the  bronchial  wall,  but  also  in  the  pleura,  and  may  become 
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free.  But  masses  frequently  occur  in  such  places  which  must  be 
described  as  bone,  because  they  have  true  bone-corpuscles  and  Haver- 
sian canals.  They  are  nearly  related  to  the  cartilaginous  masses  and 
often  arise  from  them. 

[Pollack  *  studied  bone  formation  in  the  lungs.  Of  60  lungs  ex- 
amined, 17%  contained  true  bone  as  small,  hard,  yellow  masses. 
They  originate  by  metaplasia  from  scar  tissue  and  calcified  necrotic 
tissue.  See  also  Ansperger,t  who  speaks  of  nodular  and  dendritic 
bone  formation. — Ed.] 

(6)  Fragments  of  soft  tissue  are  at  times  cast  off  in  phthisis  and 
other  ulcerative  processes  of  the  lungs,  and  enter  the  bronchi.  J  After 
lying  in  the  bronchi  for  some  time,  they  also  become  calcified.  All 
these  formations  cause,  as  a  rule,  almost  no  pathologic  symptoms; 
they  are  coughed  up  and  are  accidentally  found  in  the  sputum,  in 
which  one  also  occasionally  finds,  if  he  searches  diligently  with  the 
microscope,  calcium  crystals  and  masses  of  calcium,  of  which  we  as 
yet  do  not  know  the  significance.  In  individual  cases,  however, 
larger  concretions  have  caused  very  severe  pathologic  symptoms, 
which  are  quite  equal  to  those  which  we  have  seen  as  a  result  of  the 
inspiration  of  foreign  bodies.  A  physician  once  coughed  up  such  a 
concretion,  and  Sander  has  given  us  a  detailed  description  of  the  case. 
He  had  for  more  than  two  years  suffered  with  severe  chest  symptoms, 
had  had  several  attacks  of  pneumonia  and  pleurisy,  with  hemoptysis, 
until  he  was  finally  cured  by  the  expulsion  of  a  stone  which  consisted 
of  calcium  carbonate  mingled  with  crystals  of  fatty  acids.  Sander 
also  cites  tw©  cases  in  which  such  concretions  caused  no  severe  symp- 
toms, but,  as  usual,  were  easily  coughed  up;  also  two  cases  reported 
by  Leclere.  Poulalion  has  made  a  further  collection  of  the  material, 
and  we  may  now  speak  of  the  symptoms  and  course  of  broncho- 
lithiasis. 

As  in  gall-stones  and  renal  stones,  we  find  cases  enough  in  which 
at  the  autopsy  we  are  surprised  at  the  presence  of  stones  which  had 
caused  no  symptoms  at  all.  If  a  stone  lies  firmly  fixed,  if  it  is  aseptic, 
if  no  infection  enters  from  without,  there  is  no  reason  why  symptoms 
should  be  present.  But  if  one  of  these  conditions  is  not  fulfilled, 
then  acute  and  chronic  disturbances  arise,  which  may  be  combined 
in  manifold  ways,  and  under  certain  circumstances  present  a  char- 
acteristic clinical  picture.  Thus,  Poulalion  even  speaks  of  a  ''colique 
bronchique";  but  I  have  no  wish  to  introduce  into  our  literature 
this  piquant  and,  for  some  ears,  no  doubt,  charming  word,  bronchial 
colic,  and  shall  therefore  content  myself  with  the  older  word  "stone- 
asthma." 

The  following  sj^mptom-complex  is  characteristic  of  stone-asthma : 

Convulsive   cough,   attacks   of  dyspnea,  and  the   expectoration 

*  Arch,  fur  path.  Anat.  u.  Phys.,  1901. 
t  "  Ziegler's  Beitrage,"  vol.  xxi,  1897. 

I  Holtz:  A  lung  sequestrum  [or  sphacelus. — Ed.],  10  cm.  long  and  2.5  cm.  wide, 
expectorated  in  chalicosis  pulmonalis. 
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of  one  or  several  small  stones  (broncholiths).  The  patient  perceives 
a  sense  of  heaviness,  of  pressure,  finalh^  of  unendurable  burning  in  the 
lower  part  of  the  trachea;  cough  conies  on  resembling  an  attack  of 
whooping-cough;  like  the  latter  increases  to  the  point  of  intense 
dyspnea,  arousing  in  the  patient  the  fear  of  impending  death;  and 
may  go  on  to  stupor.  Sutldenly,  with  a  feeling  of  severe  rending 
pain,  the  stone  is  thrown  out,  great  relief  is  experienced,  and  the 
attack  is  over.  In  many  cases,  however,  the  attacks  are  abortive, 
the  stone  is  not  coughed  up,  the  convulsive  cough  is  less  severe,  but 
frequently  returns.  The  patients  may  even  assert  at  times  that  they 
have  the  feeling  as  if  the  stone  was  trying  to  get  out,  as  if  it  moved 
up  in  the  neck,  but  dropped  back  again.  Such  attacks  may  pass 
very  quickly,  but  they  may  also  last  a  long  time;  Poulalion's  patient, 
Necker,  had  an  attack  that  lasted  forty-eight  hours. 

Some  of  the  cases  from  the  first  assume  a  chronic  form  which  often 
suggests  tuberculosis.  The  earlier  writers  aptly  described  this  form 
as  pseudo- phthisis  calculosa.  In  most  cases  bronchiectases  form,  or 
abscesses  with  all  their  attendant  possibilities.  In  such  cases  the 
presence  of  the  concretion  is  usually  not  suspected  and  is  only  re- 
vealed by  the  autopsy  or  by  the  broncholith  being  accidentally 
coughed  up.  In  many  cases,  after  the  expectoration  of  a  concretion 
recovery  took  place,  but  fatal  cases  are  also  recorded.  In  Leclere's 
case  multiple  abscesses  developed,  broke  through  into  the  pleura,  and 
hydropneumothorax  was  the  result.  In  the  case  reported  by  Dalma, 
a  stone  had  almost  entirely  occluded  the  bronchus  leading  to  the 
lower  lobe  of  the  right  lung.  To  the  distal  side  of  the  broncholith  the 
bronchi  were  enlarged,  inflamed,  and  filled  with  pus.  Several  of 
them  opened  into  the  pleural  cavity,  which  became  the  seat  of  em- 
pyema. 

Finally,  there  are  cases  in  which  stone-asthma  passes  into  the 
chronic  course  of  calculous  diseases.  All  the  variations  which  occur 
in  such  a  course  may  be  learned  by  reading  Poulalion's  observations 
46,  47,  and  32.     From  the  last-named  I  give  a  short  excerpt: 

The  patient  comes  of  a  family  which  is  free  from  tuberculosis;  a 
brother  was  nervous  and  is  melancholic.  He  himself  has  had  various  dis- 
eases of  the  thoracic  organs  and  has  been  a  heavy  drinker  since  1870. 
In  1875  he  had  an  attack  of  delirium  tremens,  and  since  then  has  suffered 
from  chronic  bronchial  catarrh.  He  was  first  in  the  hospital  in  1889, 
when  he  expectorated  several  stones.  He  has  attacks  of  coughing  that 
last  two  or  three  hours  and  are  interrupted  by  only  short  periods  of 
rest.  They  begin  with  a  feeling  of  tickling  in  the  throat  and  retrosternal 
pain.  The  stones  are  expelled  during  or  at  the  end  of  an  attack  of 
coughing,  either  alone  or  with  sputum,  and  then  follow  rest  and  com- 
fort. It  is  rare  for  more  than  one  to  be  expelled  in  one  day,  and  often 
only  one  in  three  or  four  days.  Blood  was  never  found  in  the  sputum. 
Appetite  and  general  condition  are  good ;  urine  normal.  In  the  lungs  we 
find  only  some  dulness  over  the  left  apex.  Tubercle  bacilli  are  always 
sought  in  vain. 

A  year  later  he  again  came  to  the  hospital  in  about  the  same  condi- 
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tion.  When  he  coughs  numerous  rales,  mostly  moist  and  bubbling,  can 
be  heard  in  the  left  axillary  space.  A  chronic  deterioration  is  apparent; 
fever  and  loss  of  appetite  are  increased;  the  stones  are  expectorated  as 
before.  Sometimes  the  expulsion  of  the  stone  is  accompanied  by  hem- 
optysis. At  the  autopsy  we  find  a  chronic  pneumonia  on  both  sides. 
The  left  lung  is  adherent  over  the  greater  part  of  its  surface.  In  both 
lungs  we  find  concretions  in  small  hollow  spaces  in  the  tissue.  These 
lie  in  the  lung  tissue  itself  and  their  connection  with  the  bronchi  is  not 
evident.  Others  are  found  in  small  cavities  which  open  directly  into 
enlarged  bronchi. 

[Atlee*  reports  as  follows:  Patient  complaining  of  bronchitis;  pain 
in  left  side,  increasing  temperature,  cough,  and  expectoration;  bronchial 
breathing;  dulness  over  painful  area.  Expectoration  by  ninth  day 
greenish-fetid.  On  twelfth  day  concretion,  |  inch  long,  conical,  \  inch 
diameter,  containing  lime  and  phosphorus.  Recovery  rapid.  No  tubercle 
bacilli.  The  author  quotes  Lero}^  and  others,  giving  non-tuberculous 
cases  of  bronchial  concretions.  These  cases  may  run  a  chronic  bron- 
chiectatic  course  or  may  resemble  pneumonia.  The  concretions  have 
been  ascribed  to  (1)  inspired  dust;  (2)  calcification  of  glands  and  ulcera- 
tion into  bronchi;  (3)  long-continued  irritation  of  bronchial  cartilages 
in  bronchiectasis,  with  true  bone  formation  and  detachment  thereof 
(Leroy). — Ed.] 

The  symptoms  of  broncholithiasis  are: 

Expulsion  of  stones. 

Admixture  of  blood  ivith  the  sputum.  This  rare  hemoptysis  is 
usually  insignificant  and  belongs  to  the  advanced  stages  of  the  disease, 
yet  it  may  be  abundant  and  even  fatal,  as  the  case  of  Caseau  shows.! 

The  stone,  when  it  is  expectorated,  is  frequently  tinged  with 
blood. 

Pain. — Most  of  these  patients  have  pains  of  an  indefinite  character, 
but  often  only  a  feeling  of  pressure  on  the  chest.  At  the  time  of  the 
expulsion  of  the  stone  the  pains  may  be  A'ery  severe.  Only  with  the 
greatest  caution  can  conclusions  be  drawn  from  the  location  of  the 
pain.  In  the  case  of  Montane  the  painful  spot  was  a  little  beyond 
the  left  sternoclavicular  articulation;  the  stone  was  in  the  left 
bronchus. 

Cough  occurs  only  during  the  attack  and  is  of  a  violent,  convulsive 
character;  otherwise  it  is  independent  of  the  stone,  but  is  never 
lacking  in  an  extensive  bronchitis. 

Dyspnea  exists  with  characteristic  severity  onl}^  during  the  attack ; 
at  other  times  it  is  absent  or  dependent  on  secondary  changes. 

Fever  is  clue  to  the  inflammatory  process  which  may  develop 
after  the  formation  of  the  stone,  or  may  be  entirely  absent. 

Diagnosis. — The  recognition  of  stone-asthma  is  possible  only  when 
a  stone  is  expectorated  or  when  we  are  dealing  wdth  a  patient  who  has 

*  Ayji.  Jour.  Med.  Sci.,  July,  1901. 

t  "  Hemoptysie  foudroyante  calculeuse,"  Bull,  de  la  Soc.  anat.  de  Paris,  1837, 
vol.  IX,  p.  100. 
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foniioi-ly  coiig;hed  up  such  stones.  Such  patients  often  know  their  con- 
dition so  well  that  they  can  predict  the  aj)))roach  of  an  attack.  When  a 
stone  has  been  expelled,  the  only  question  to  be  decidecl  is  where  it 
conies  from.  Calcareous  masses  have  been  known  to  collect  on  the 
teeth,  in  the  crypts  of  the  tonsils,  and  in  the  pouches  of  Morgagni,  and 
have  been  expelletl  by  coughing.  If  coryza  is  present,  we  must  think  of 
a  rhinolith,  which  may  have  come  from  the  nasal  cavity  and  entered 
the  mouth.  AVe  nuist  also  think  of  true  foreign  bodies  derived  from 
the  outside  and  entering  the  air-passages  without  the  patient's  knowl- 
edge. 

The  recognition  of  pscudo- phthisis  calculosa  is,  according  to  the 
present  condition  of  things,  ])ossil)le  when  any  circumstance,  especially 
an  attack  of  stone-asthma,  has  called  attention  to  the  stone  formation ; 
in  other  cases  all  these  circumstances  will  be  regarded  as  chronic 
pneumonia,  the  cause  of  which  is  unknown. 

No  therapeutic  measures  of  any  value  are  known  for  this  stone 
formation  in  the  lungs ;  but  it  would  seem  rational  to  give  an  acid  diet 
and  to  have  the  patient  breathe  simple  acid  vapors. 

II.  In  regard  to  the  excretion  of  uric  acid  salts  in  the  bronchi  in 
gouty  individuals,  I  have  found  observations  by  Bence  Jones  ("Lan- 
cet," 1856),  who  saw  in  a  gouty  patient  deposits  of  urates  in  the 
bronchial  walls;  and  another  by  Bernheim  ("Soc.  cle  med.  de  Stras- 
bourg," 6  Juin  1872),  who  said  in  a  discussion  that  concretions  of 
sodium  urate  occurred  in  the  bronchi,  being  expelled  in  the  form  of 
stones. 

III.  Thrush  in  the  Bronchi. — As  Virchow  has  already  shown, 
thrush  very  rarely  enters  the  bronchi;  Schmidt  (''Beitrage  zur  path. 
Anatomie  und  allgem.  Pathologie,"  1890,  viii,  S.  173)  has  observed  it 
in  five  children.  The  bronchial  mucous  membrane  was  covered  with 
a  whitish  layer,  which  consisted  of  a  mass  of  exudate  with  various 
cellular  elements.  The  thrush  fungus  was  quite  uniformly  distributed 
throughout  this  exudate.  The  fungi  did  not  invade  the  ciliated  epi- 
thelium, which  is  much  more  resistant  than  the  squamous  form. 

IV.  Other  fungi  that  find  their  way  into  the  lungs,  especially  the 
mold  fungi,  also  occur  incidentally  in  the  bronchi.  [In  another 
section  pulmonary  aspergillosis,  streptothrix  infections,  and  other 
parasitic  infections  of  the  bronchi  giving  rise  to  bronchitis  will 
be  considered. — Ed.] 
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BRONCHITIS. 

Since  the  publication  of  Laennec's  work  considerable  progress 
has  been  made  in  the  study  of  the  various  forms  of  bronchitis,  and  it 
looks  as  if  in  this  field  also  the  knowledge  of  pathogenic  organisms 
were  destined  to  afford  a  clearer  insight. 

Among  the  comprehensive  works  on  bronchitis  may  be  mentioned 
the  following : 

Laennec:  "Traitedel'ausc.  med." — Stokes:  "A  Treatise  on  the  Diagnosis  and 
Treatment  of  Diseases  of  the  Chest."— Lasegue:  "Etudes  medicales,"  t.  ii,  1884.^- 
Ferrand:  "Legons  cliniques  sur  les  formes  et  le  traitement  des  bronchites,"  Paris, 
1888. — See,  G. :  "Bronchites  aigues,"  Paris,  18S5;  " Bronchites  chroniques,"  Paris, 
1886. — Riegel:  "Krankheiten  der  Trachea  und  der  Bronchien,"  in  Ziemssen's 
"Handbuch,"  Bd.  iv,  2.  Halfte.— Fothergill :  "Chronic  Bronchitis,"  London,  1882. 
— Hamilton:  "On  the  Pathology  of  Bronchitis,  Catarrhal  Pneumonia,  Tubercle 
and  Allied  Lesions,"  London,  1883. — Lebert:  "  Klinik  der  Brustkrankheiten," 
Tiibingen,  1874. — Fraenkel:  "Krankheiten  des  Respirations-apparates,"  1890. — 
Knauthe:  Article  on  "  Bronchitis  catarrhalis"  in  Eulenburg's  "Realencyklopadie." 
— Forcheimer :  "  Streptococcus  Bronchitis,"  "Medical  News,"  June  1,  1901.— Fuchs : 
"Die  Bronchitis  der  Kinder,"  1849. — Gairdner:  "On  the  Pathological  Anatomy  of 
Bronchitis,"  etc.,  Edinburgh,  1850. — Hayem:  "Des  Bronchitis,"  These  d'agrega- 
tion,  1869. — Greenhow:  "On  Bronchitis,"  1878. — Murrell,  William:  "Chronic 
Bronchitis  and  its  Treatment,"  1889. — Ewart,  William:  "The  Bronchi  and  Pul- 
monary Blood-vessels,  their  Anatomy  and  Nomenclature,"  London,  1889.— Barth 
and  Blachez:  "Maladies  des  bronches,"  "Diet,  encycl.  des  sc.  med.,"  1869,  lere, 
vol.  v.— Hamilton,  D.  J.:  "Text-Book  of  Pathology,"  vol.  n,  p.  72,  1894.— 
Clark,  Sir  Andrew:  "The  Barking  Cough  of  Puberty,"  "Med.  Soc.  Trans.," 
vol.  XIV,  p.  142,  1891. 

Classification. — Owing  to  the  number  of  morbid  conditions  which 
here  claim  our  attention  the  first  requisite  is  a  useful  classification. 

Ferrand  divides  bronchitis  into  the  following  forms:  (1)  Conges- 
tive, (2)  catarrhal,  (3)  inflammatory,  (4)  spasmodic,  (5)  infectious. 
While  his  theoretic  explanation  of  the  differences  between  congestive 
catarrh  and  inflammation  are  worthy  of  attention,  the  classification 
cannot  be  utilized  in  practice.  For  my  part,  I  can  never  tell  at  the 
bedside  when  catarrh  or  inflammation  begins.  We  use  the  word 
bronchitis  without  troubling  ourselves  to  inquire  whether  the  amount 
of  secretion  is  increased,  whether  it  is  normal  in  character  and  amount, 
or  whether  alterations,  especially  of  the  morphologic  elements,  can 
be  demonstrated.  Ferrand  bases  the  diagnosis  chiefly  on  the  sputum ; 
in  the  congestive  form  the  sputum  is  extremely  tenacious  and  scanty ; 
in  the  catarrhal  form  it  is  abundant,  mucous,  and  fluid;  in  the  in- 
flammatory form,  purulent  and  mucopurulent,  and  variable  in  amount. 

It  appears,  therefore,  that  he  divides  into  three  groups  events 
which  are  quite  usually  observed  in  succession  in  the  same  patient. 
This  may  be  justified  by  the  fact  that  in  numerous  cases  only  one  of 
these  forms  develops,  and  then  becomes  permanent.  If  in  these  cases 
we  speak  of  dry  catarrh  (catarrhe  sec)  or  of  mucous  discharge  {catarrhus 
pituitosus),  while  Ferrand  uses  the  terms  congestive  and  catarrhal 
bronchitis  for  the  same  conditions,  the  difference  is  merely  verbal. 
There  is  one  objection  to  the  use  of  Ferrand 's  terms:  they  contain  an 


BRONCHITIS.  89 

explanation  which  is  not  always  aj)})ropriate  and  necessarily  varies 
with  the  hypothesis,  while  our  old  purely  descrii)tive  terms  will  retain 
their  usefulness  e\'enwhenwe  shall  have  come  to  know  every  form  of 
bronchitis,  both  etiologically  and  pathologically,  in  all  its  details. 

Rie<!;el,  whose  treatise  on  bronchitis  is  the  standard  in  Germany, 
distinguishes:  acute  tracheobronchitis;  acute  catarrh  of  the  secondary 
and  of  the  tertiary  bronchi  {bronchitis  capHlaris) ;  and  chronic  bron- 
chitis, the  latter  being  further  subdivided  into  a  dry  form,  a  mild 
form  with  abundant  mucous  discharge,  bronchoblennorrhea,  serous 
bronchorrhea,  and  putrid  bronchitis.  G.  See,  who  is  by  many  re- 
garded as  an  authority,  should  be  followed  with  great  caution,  as  he 
grasps  at  any  point  of  view  which  strikes  him  as  clever,  and  loses 
himself  in  speculation.  Hence  his  description  of  the  disease,  although 
minute,  is  neither  exhaustive  nor  logical. 

Fothergill,  in  his  "Chronic  Bronchitis,"  the  second  edition  of 
which  appeared  in  1889,  views  the  question  from  a  thoroughly  prac- 
tical standpoint.  He  gives  an  excellent  description  of  the  condition 
of  certain  old  bronchitic  subjects,  discusses  the  symptomatology,  and 
reviews  the  relations  of  bronchitis  to  bronchiectasis,  emphysema,  and 
tuberculosis.  He  then  distinguishes  the  following  forms:  dry,  asth- 
matic, catarrhal,  cirrhotic,  emphysematous,  degenerative,  mitral,  and 
gouty  bronchitis.  The  last  chapter  is  devoted  to  treatment.  I  have 
not  gained  any  essentially  new  points  of  view  from  the  reading  of  his 
book,  but  some  of  his  remarks  will  appear  at  the  appropriate  places. 

Among  the  books  to  which  one  naturally  turns  when  in  perplexity, 
I  would  name  Walsh's  "Practical  Treatise  on  the  Diseases  of  the 
Lungs."    This  author  di^ddes  them  into: 

1.  Acute  bronchitis:  (a)  of  the  primary  and  secondary;  (b)  of  all 
the  bronchi,  including  the  capillary; 

2.  Chronic  bronchitis; 

3.  Special  varieties :  {a)  fibrinous ;  (b)  mechanical  (scissors-grinders' 
and  coal- workers') ;  (c)  stone-asthma;  {d)  acute  specific  forms  (typhoid, 
syphilitic) ;  (e)  diathetic  forms ;  (/)  secondary  forms  in  thoracic  diseases. 

The  superiority  of  this  classification  to  that  of  Fothergill  is  at  once 
apparent.  Excepting  that  of  Riegel,  it  is  the  only  one  that  can  be 
considered  in  actual  practice. 

The  attempts  to  establish  a  distinction  between  catarrh  and  in- 
flammation of  mucous  membrane  have  now  been  abandoned  and  the 
two  words  have  the  same  meaning.  They  indicate  processes  which 
imperceptibly  merge  into  one  another  from  the  mildest  to  the  severest 
forms  and  are  characterized  by  pain,  hyperemia  of  the  mucous  mem- 
brane, the  presence  of  a  secretion  containing  more  or  less  cellular 
constituents,  and  by  an  entire  lack  of  any  tendency  to  ulcerative  or 
destructive  processes:  if  small  ulcers  do  occasionally  form,  they  heal 
very  easily.  If  the  disease  is  protracted,  it  ma}^  lead  to  atrophic 
or  hypertrophic  processes  in  the  mucous  membrane,  according  to  its 
nature,  but  it  is  never  destructive. 

We  distinguish  many  different  kinds  of  bronchitis,  but  the  clinical 
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pictures  are  so  ill-defined  that  they  readily  merge  into  one  another 
and  often  give  rise  to  doubt.  Viewing  the  matter  from  a  purely 
practical  standpoint  we  have,  ^rst,  those  forms  which  occupy  an 
independent  and  clearly  defined  position  in  nosology  and  probably 
represent  characteristic  diseases.  These  are  the  following:  simple 
acute  bronchitis  or  tracheobronchitis;  acute  capillary  bronchitis; 
chronic  bronchitis;  putrid  or  fetid  bronchitis;  fibrinous  bronchitis. 

Next  to  these  we  have  those  forms  which  merely  accompany  other 
diseases  and  play  quite  a  secondary  part,  or  at  least  rarely  predominate 
in  the  clinical  picture. 

There  are  cases  in  which  the  tracheal  symptoms  are  so  conspicuous, 
and  so  completely  dominate  the  clinical  picture,  that  we  have  the 
right  to  speak  of  a  trachitis ;  but  the  trachea  is  always  involved  to  a 
greater  or  less  extent  in  any  form  of  bronchitis,  and  the  term  tracheo- 
bronchitis would  therefore  be  cjuite  justifiable  if  it  were  not  so  un- 
wieldy. 

Another  classification  divides  the  various  manifestations  of  the 
disease  into  ascending  and  descending  forms.  The  former  are  secon- 
dary to  catarrh  of  the  nose  and  larynx,  the  latter  follow  inflammation 
of  the  lungs.  In  the  second  group  the  pulmonary  phenomena  dom- 
inate the  clinical  picture  to  such  an  extent  that  the  bronchitis  in  com- 
parison becomes  quite  insignificant.  The  first  group,  on  the  other 
hand,  is  of  great  importance,  and  is  often  met  in  practice  among 
benign  catarrhal  forms  of  bronchitis. 

The  total  depravity  of  systematic  writers  is  shown  by  the  fact 
that  bronchitis  has  been  divided  into  a  form  with  moist  rales  and 
one  with  dry  rales. 

Such  expressions  as  asthmatic  or  emphysematous  bronchitis  will 
no  doubt  appeal  to  the  average  practitioner,  for  it  is  often  impossible 
to  tell  whether  the  catarrhal  or  the  asthmatic  element  predominates 
in  the  clinical  picture.  I  am  afraid  that  for  similar  reasons  we  shall 
soon  find  the  literature  encumbered  with  such  terms  as  "  asthmatico- 
emphysematous  bronchitis,"  '' broncho-emphysematous  asthma," 
" asthmatico-bronchitic  emphysema,"  and  the  like. 

What  shall  be  said  of  a  form  which  is  known  as  mitral  bronchitis? 
There  are  undoubtedly  cases  in  which  bronchitis  is  an  accompaniment 
of  mitral  disease,  and  there  are  cases  of  mitral  disease  accompanying 
bronchitis.  It  is  possible  that  both  conditions  may  have  a  common 
origin,  such  as  gout  or  some  other  constitutional  anomaly.  The 
term  mitral  bronchitis  represents  certain  pathologic  findings,  and  is 
undoubtedly  dictated  by  an  effort  to  distinguish  a  special  clinical 
picture  from  others ;  to  that  extent  terms  of  this  kind  have  a  certain 
practical  value,  but  the}^  are  made  for  private  use  and  are  often  based 
on  a  comparatively  small  number  of  observations.  They  should, 
therefore,  not  be  used  too  freely;  most  of  them  are  ephemeral  and 
merely  reflect  a  momentary  point  of  view  for  which  a  clever  author 
has  succeeded  in  winning  temporary  acceptance. 

An  etiologic  classification  is  unquestionably  to  be  preferred  to 
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any  other,  altliouuh  at  the  present  time  it  is  still  hampered  by  the 
fact  that  our  kno\\i(Ml<it'  is  unfortunately  very  incomplete.  Marfan 
has  given  us  a  classilieation  of  this  kind  which  corresponds  as  closely 
as  possible  to  the  present  state  of  knowledge.     He  distinguishes: 

Specific  bronchitis:  (a)  germs  entering  from  without:  bronchitis 
in  the  course  of  influenza,  whooping-cough,  measles,  diphtheria, 
pneumococcus  infection,  erysipelas,  after  the  inhalation  of  anthrax, 
in  tuberculosis,  thrush;  (b)  germs  entering  through  the  blood:  bron- 
chitis occurring  in  the  course  of  variola,  malaria,  glanders,  and  secon- 
dary syphilis. 

Non-specific  bronchitis:  bronchitis  following  cold;  in  chronic  dis- 
eases of  the  nasopharynx;  in  chronic  affections  of  the  lungs,  heart, 
and  mediastinum;  in  angioneurosis  (hay-fever,  bronchial  urticaria); 
in  asthma ;  in  arthritic  affections ;  in  gout ;  in  dilatation  of  the  stomach 
and  in  the  lymphatic  diathesis;  in  diseases  of  the  blood-vessels;  in 
albuminuria;  in  adynamic  conditions  (protracted  fevers,  cachexia, 
moribund  conditions) ;  in  elimination  intoxications  (iodin,  bromids, 
cantharides) ;  after  the  inhalation  of  noxious  dust  and  gases. 

This  classification  obviously  presents  many  weak  points.  The 
boundary-line  between  specific  and  non-specific  bronchitis  is  arbi- 
trar}'  and  depends  altogether  on  the  state  of  bacteriologic  knowledge. 
[And  yet  such  classification  is  practical  and  will  in  time  prevail.  The 
various  micro-organisms  give  rise  to  forms  of  bronchitis  which  chffer 
in  course,  duration,  and  degree  of  severity.  A  streptococcus  bron- 
chitis with  definite  features  undoubtedly  prevails.  Bacteriologic 
methods  must  be  employed  to  confirm  our  clinical  observations. — Ed.] 
I  therefore  prefer  to  give  a  simple  enumeration  of  the  known  forms, 
based  on  our  knowledge  of  etiology,  without  attempting  any  doubtful 
subdivisions,  and  shall  mereh'  add  a  few  necessary  remarks  about 
each  form.  In  this  way  all  that  is  known  of  the  etiology  of  bron- 
chitis "uill  be  presented  in  the  simplest  form. 


FORMS  OF  BRONCHITIS. 

1.  Acute  bronchitis  due  to  unknown  injuries.  Bronchitis  from 
catching  cold. 

2.  Bronchitis  due  to  the  inhalation  of  dust. 

3.  Bronchitis  clue  to  the  inhalation  of  gases. 

4.  Bronchitis  due  to  specific  infection  of  the  surface  of  the  mucous 
membrane :  whooping-cough,  er^'sipelas,  diphtheria,  and  putrid  bron- 
chitis. 

5.  Bronchitis  due  to  nervous  disturbances. 

6.  Bronchitis  occurring  in  constitutional  diseases. 

7.  Bronchitis  occurring  in  infectious  diseases*:  measles,  small- 
pox, typhoid  fever,  intermittent  fever,  glanders,  syphilis,  tuberculosis, 
relapsing  fever. 

*  The  dividing-line  between  this  group  and  group  Xo.  4  is  in  many  cases  arbi- 
trary, as,  for  instance,  in  glanders  and  in  tuberculosis. 
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8.  Bronchitis  occurring  in  the  course  of  intoxications. 

9.  Bronchitis  occurring  in  disease  of  the  upper  air-passages  and 
of  the  lung,  pleurse,  mediastinum,  and  thorax  (kyphosis  and  scoHosis), 

10.  Bronchitis  in  diseases  of  the  heart  and  blood-vessels. 

11.  Bronchitis  in  diseases  of  the  digestive  organs. 

12.  Bronchitis  in  diseases  of  the  kidneys. 

13.  Bronchitis  in  diseases  of  the  skin. 

[Fowler  and  Godlee's  *  classification  is  as  follows: 
I.  Acute  bronchitis  (a)  of  the  larger  tubes;  (6)  of  the  smaller 
tubes  (capillary  bronchitis). 
II.  Chronic  bronchitis. 

III.  Secondary  bronchitis:  {a)  in  acute  febrile  diseases;  (6)  in 
gout;  (c)  in  tuberculosis;  {d)  in  syphilis. 

IV.  Plastic  bronchitis  (a  separate  disease,  the  authors  assert). — 
Eu.] 

ETIOLOGY, 

After  this  summary  review  of  what  is  known  about  the  etiology 
of  bronchitis  (which  will  be  still  further  elaborated  in  the  special 
articles),  an  explanation  of  the  origin  and  mode  of  extension  of 
catarrh  in  general  is  desirable.  But  with  the  tendency  to  discredit 
general  views  and  speculations  and  to  limit  the  field  of  medical  investi- 
gation to  the  exact  representation  of  facts,  vague  dissertations  about 
the  influence  of  wind,  moisture,  and  changes  of  temperature, — in 
other  words,  all  the  conceivable  influences  which  the  external  world 
exerts  upon  man, — have  fallen  more  and  more  into  disrepute. 

["Heredity  and  temperament  constitute  distinct  factors;  a  deU- 
cate  mucous  membrane  may  be  inherited,  as  a  delicate  skin  or  any 
other  outward  pecuHarity  may  be  "  (Ewart). — Ed.] 

There  is  no  object  in  speaking  of  the  geographic  distribution  of 
bronchitis,  as  there  are  no  available  statistics.  To  say  that  it  is 
admitted  that,  ceteris  'paribus,  catarrhal  affections  of  the  respiratory 
organs  increase  in  frequency  the  further  we  go  from  the  tropics  toward 
more  northern  latitudes  is,  after  all,  only  a  truism  which  in  general 
has  a  certain  degree  of  probability.  It  would  no  doubt  be  very 
useful  to  know  definitely  that  the  danger  of  acquiring  catarrh  was 
peculiarly  great  in  this  or  that  place.  Hirsch,  who  is  the  most  ex- 
perienced authority  on  this  subject,  asserts  that  numerous  observers 
testify  to  the  rarity  of  bronchitis  in  Egypt,  on  the  plains  of  India,  on 
the  western  plains  of  America,  in  California,  and  in  portions  of  the 
Antilles;  he  also  says  that  mountainous  countries  and  high  plateaus 
are  frequently  the  home  of  catarrh.  Lebert  has  also  discussed  at 
length  the  meteorologic  influences.  In  Germany  bronchitis,  as  a  rule, 
increases  as  autumn  approaches,  reaches  its  highest  point  during  the 
winter,  and  diminishes  in  the  spring.  Bad  weather  also  increases  the 
tendency  to  bronchial  catarrh. 

*  Fowler  and  Godlee,  "The  Diseases  of  the  Lungs,"  London,  1898. 
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The  discussions  in  regard  io  the  individual  predisposition  are 
equally  conunonplace.  Strong  individuals  are  less  disposed,  while 
the  weak  are  more  so;  yet  surprising  exceptions  occur,  etc.  From 
this  it  follows  that  childhood  is  especially  predisposed;  at  this  time 
acute  catarrhs  occur  very  frequently,  while  the  tendency  to  chronic 
catarrhs  seems  greater  in  old  age.  These  speculations  are  of  little 
value,  and  the  iuA-estigation  of  special  relations  will,  I  hope,  relieve 
us  more  and  more  of  these  distressing!}'  axiomatic  generalities. 

A  few  remarks  should  be  added  to  the  above-mentioned  etiologic 
subdivisions : 

1.  The  discussion  of  "  cold  "  as  the  cause  of  certain  inflammations, 
which  are  generally  characterized  as  rheumatic  and  show  a  preference 
for  certain  mucous  membranes,  occupies  a  large  place  in  the  literature. 
Although  the  controversy  has  produced  little  that  is  of  any  value, 
it  must  nevertheless  be  mentioned  here.  We  catch  cold  because  the 
bod}'  or  a  part  of  it  suffers  a  relatively  sudden  deprivation  of  heat  and 
fails  to  react  as  vigorously  as  it  would  under  normal  conditions. 
The  human  body  is  often  exposed  to  abrupt  changes  of  temperature 
without  suffering  harm,  as  it  possesses  in  the  circulation  and  in  the 
contraction  of  the  smooth  muscles  of  the  skin  an  effective  means  of 
protecting  itself  against  the  danger  of  sudden  variations  of  tempera- 
ture within  a  relatively  wide  range.  But  the  nervous  system  is  not 
always  sufficiently  vigilant,  the  mechanisms  which  regulate  these 
changes  are  not  always  energetic  enough,  and  hence  injuries  result. 
These  matters  are  easily  understood;  Riegel  has  explained  them  in 
connection  mth  a  Rosenthal  lecture  in  Ziemssen's  "Handbuch." 

Rossbach  *  has  recently  experimented  on  the  influence  of  cold, 
and  on  the  application  of  cold  to  the  skin.  He  saw  the  blood-vessels 
of  the  trachea  contract  reflexly  after  one  to  two  minutes;  this  was 
soon  followed  by  a  venous  hyperemia  and  an  increased  secretion  of 
mucus.  This  experiment,  while  it  shows  the  powerful  reflex  influence 
of  the  skin  on  the  mucous  membranes  of  the  air-passages,  obviously 
does  not  explain  the  catarrh. 

The  injurious  influence  of  moist  cold  air,  when  the  temperature 
changes  suddenly  through  several  degrees  and  the  change  is  accom- 
panied by  a  strong  wind,  is  a  matter  of  such  universal  experience 
that  it  must  be  accepted  as  a  fact. 

The  question  is  no  longer  whether  cold  can  injure,  but  in  what 
manner  it  works  the  injury.  If  the  action  of  the  vasoconstrictors 
and  vasodilators  of  the  different  blood-vessels  of  the  skin  is  disturbed 
even  for  a  short  time,  the  whole  body  mil  be  affected ;  perhaps  the  heat 
production  is  disturbed,  or  perhaps  a  hyperemia  of  the  internal  organs 
is  favored.  But  it  is  still  uncertain  why  a  bronchitis  should  result 
more  than  some  other  injury;  yet  it  is  such  a  common  occurrence  that 
few  men  will  be  willing  to  give  up  the  idea  of  its  being  directly  caused 
by  catching  cold.     Even  if  the  clearest  theoretic  deductions  showed 

*  "Festschrift  zur  Feier  des  SOOjahrigen  Bestandes,"  etc.,  Leipzig,  1882. 
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it  to  be  untrue,  most  men  would  still  exclaim:  ''Yes,  but  don't  you 
see  I  have  caught  cold." 

At  present  we  are  inclined  to  go  to  our  bacteriologic  experiments 
for  an  explanation :  The  air-passages  always  contain  micro-organisms ; 
in  the  great  majority  of  cases  they  contain  micro-organisms  that 
we  know  are  capable  of  causing  inflammation,  especially  Staphy- 
lococcus pyogenes.  Streptococcus  pyogenes,  Fraenkel's  pneumo- 
coccus,  and  Friedlander 's  pneumococcus.  In  healthy  men  these 
micro-organisms  remain  in  the  bronchi  without  doing  any  injury,  as 
the  well-preserved  epithelium  covering  the  membrane  is  sufficient  to 
prevent  the  entrance  of  the  germs  and  to  force  them  out.  Investiga- 
tions on  this  point,  in  spite  of  their  extensiveness  and  the  industry 
of  their  authors,  are  not  yet  sufficient,  as  the  work  is  so  great.  Pan- 
sieri  finds  in  the  healthy  bronchi  8  different  kinds  of  streptococci, 
several  kinds  of  sarcinge,  21  kinds  of  bacilli,  and  10  kinds  of  micro- 
cocci. As  soon  as  the  protecting  epithelial  covering  is  broken  through, 
the  micro-organisms  which  are  present  at  that  point  effect  an  entrance 
and  immediately  excite  a  circumscribed  inflammation.  [Hence  to 
infection  as  the  exciting  or  active  agent  we  must  attribute  most 
cases  of  ''  cold  "  bronchitis. — Ed.]  The  body  exerts  all  its  powers 
to  prevent  the  entrance  of  these  organisms;  how  far  it  succeeds 
in  this  effort  depends  on  the  extent  of  the  loss  of  epithelium, 
and  upon  the  powers  of  resistance  which  are  at  hand.  In  pharyn- 
gitis any  one  can  observe  for  himself  how  at  first  a  small  spot 
becomes  reddened,  and  how^  from  this  spot  the  inflammation  spreads 
until  in  twenty-four  to  forty-eight  hours  the  entire  throat  is  involved. 
When  the  epithelium  is  loosened,  it  can  no  longer  resist  the  attack  of 
the  microbes  from  the  side  and  from  below;  this  duty  e^ddently  de- 
volves on  wandering  cells  which  come  from  the  blood-vessels,  fill  up 
all  passages,  and  check  the  advance  of  the  process.  They  succeed 
best  in  preventing  the  downward  extension,  since  they  start  from 
below  in  response  to  the  external  irritant;  at  the  sides,  however  {i.  e., 
on  the  surface),  the  loosening  and  desquamation  of  the  epithelium 
go  on  until  a  physiologic  boundary  is  reached  which  checks  the 
desquamation;  a  boundary  of  this  kind  is  found  wherever  one  kind 
of  epithelium  merges  into  another.  Thus,  an  angina  does  not 
easily  extend  into  the  larj^nx ;  a  urethritis  does  not  easily  give  rise  to 
a  cystitis,  nor  a  catarrh  of  the  cervix  uteri  extend  to  the  body  of 
the  uterus.  In  many  places  the  boundaries  are  evidently  so  fixed  that 
it  is  really  exceptional  to  see  the  infiammation  cross  them ;  as,  for  ex- 
ample, between  the  external  skin  and  the  mucous  membranes,  the 
esophagus  and  stomach,  etc.,  although  of  course  there  is  no  region 
that  is  hermetically  sealed. 

So,  in  taking  cold,  we  can  suppose  that  there  is  a  loosening  of  the 
epithelium  of  the  bronchi,  with  the  development  of  small  thin  places, 
in  consequence  of  sudden  changes  of  temperature  in  people  who  are 
not  sufficiently  hardened.  As  a  result,  dust  particles  and  micro- 
organisms penetrate  into  these  thinner  places  and  cause  a  desqua- 
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niatioii  of  the  superficial  layers  of  the  e])ithelial  covering,  which 
otherwise  close  the  tissues  hermetically;  this  layer  must  then  be 
newly  formed  from  below.  This,  in  general,  is  the  process  which  we 
call  catarrhal  inflammation.  But  this  is,  of  course,  a  general  state- 
ment that  does  not  a})ply  only  to  catarrhal  inflammation;  specific 
cocci  of  some  kind  may  also  penetrate  into  these  exposed  places,  and 
we  have  then  a  specific  inflammation,  such  as  erysipelas  or  diphtheria. 
Man}'  of  these  cocci  are  perhaps  pathogenic  in  so  high  a  degree  that 
they  are  capable  of  penetrating  an  epithelium  which  is  quite  sound, 
if  they  only  reach  it  from  without.  We  can  always  understand  that 
taking  cokl  brings  about  conditions  which  are  favorable  to  the  begin- 
ning of  every  kind  of  inflammation  of  the  mucous  membranes.  As 
the  mucous  membranes  have  different  powers  of  resistance  according 
to  the  habits  and  manner  of  life,  it  is  clear  that  the  same  injurious 
influences  that  are  borne  quite  easih'  by  one  may  cause  severe  illness 
in  another.  How  far  this  may  extend  depends  also  on  the  toxicity 
of  the  micro-organisms  which  enter  and  upon  the  energy  wdth  which 
the  protective  cells  and  exudates  arise  to  check  the  penetration. 

2.  In  addition  to  cold,  dust  inhalation  is  to  be  considered  as  a  quite 
common  injurious  factor  wliich  disposes  to  different  forms  of  bronchitis. 
It  is  certain  that  every  kind  of  dust  is  injurious,  but  it  is  just  as 
certain  that  the  amount  and  kind  of  dust  make  a  great  difference. 
This  cannot  be  so  well  studied  in  ordinary  life,  where  we  have  to  do 
with  complex  and  very  variable  conditions,  as  among  workers  in  dust ; 
that  is,  people  who  by  their  occupation  are  compelled  to  breathe 
continuously  certain  kinds  of  dust.  Such  cases  present  excellent 
examples  of  certain  kinds  of  chronic  bronchitis.  But,  besides  this, 
we  must  remember  that  dust,  if  present  continually  in  any  lung, 
acts  as  an  enemj^,  which  just  as  frequently,  if  not  more  frequently 
than  cold,  threatens  the  continuity  of  the  protective  covering.  It  is, 
in  fact,  marvelous  that  these  delicate  epithelial  structures  offer  so 
long  and  so  energetic  a  resistance  to  the  dust.  That  in  a  ballroom 
the  dust  reaches  even  to  the  bronchi  is  not  to  be  doubted,  although 
so  much  is  intercepted  b}^  the  mucous  membrane  of  the  nose ;  speech 
favors  the  introduction  too  much  for  any  doubt  to  be  possible.  Our 
interest  is  much  more  aroused  by  those  occupations  in  which  the 
workers  are  continuously  exposed  to  a  dust-laden  atmosphere.  After 
the  loud  explosions  in  the  mines  such  a  quantity  of  very  fine  dust  is 
■found  in  the  air  that  it  may  penetrate  and  occlude  the  finest  bronchi. 
Yet  it  is  certain  that  these  dangers  may  be  easily  exaggerated.  These 
w^orkmen  can  always  work  wdth  their  mouths  closed,  and  most  of  the 
dust  is  thus  intercepted  by  the  protective  apparatus:  if  the  people 
were  not  so  usually  alcoholics,  if  they  did  not  so  frequently  sin  through 
ignorance  as  they  do,  then  the  dust  would  not  be  so  dangerous  as  it  is 
to-day  in  spite  of  all  hygienic  precautions.  The  works  which  are  occu- 
pied with  the  diseases  of  working-people  give  most  detailed  descriptions 
of  these  matters.  Vegetable  dusts  and  mixed  dusts  are  most  injurious 
in  their  influence ;  then  follow  the  metallic,  then  the  animal,  and  lastl}' 
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the  mineral.  According  to  Hirt,  who  supports  his  statement  by 
observations  on  more  than  12,000  dust-workers,  of  100  who  were 
attacked  with  chronic  catarrh:  (1)  14.8  worked  in  metalhc  dusts; 
(2)  11.0  worked  in  mineral  dusts;  (3)  19.0  worked  in  vegetable  dusts; 
(4)  13.6  worked  in  animal  dusts;  (5)  18.4  worked  in  mixed  dusts. 

The  value  of  statistics  of  this  kind  is  extremely  slight,  since  in 
each  group  different  conditions  and  classes  are  included. 

Under  1  are  included  engravers,  painters,  watch-makers,  tinkers, 
file-cutters,  coppersmiths,  grinders,  engravers,  pin-workers,  book- 
binders, lithographers,  knife-,  nail-,  and  artillery-smiths,  braziers, 
zinc-workers,  sieve-makers,  blacksmiths,  brass-founders,  dyers,  lock- 
smiths, varnishers,  needle-makers,  gilders,  brocade-workers,  workers 
in  certain  paper  fabrics,  and  letter-founders. 

Under  2,  flint-stone  workers,  millstone-workers,  house-painters, 
agate-polishers,  porcelain-workers,  ultra-marine  workers,  soapstone 
workers,  polishers,  potters,  slate-makers,  masons,  diamond-workers, 
cement-workers,  workers  in  the  stamping  of  glassware,  and  lithog- 
raphers are  included. 

Under  3,  millers,  coal-handlers,  weavers,  chimney-sweeps, 
bakers,  confectioners,  cabinet-makers,  carpenters,  wood-turners,  saw- 
mill-workers, rope-makers,  upholsterers,  coal-miners,  and  cigar- 
makers. 

Under  4,  brush-,  cotton-,  and  flax-workers,  workers  in  certain 
paper  fabrics,  horsehair  carders,  comb-makers,  horn  and  bone  workers, 
hair-dressers,  paper-hangers,  furriers,  turners,  saddlers,  button- 
makers,  hat-makers,   cloth-makers,  and  sewing  machine  operators. 

Under  5,  glass-cutters,  glaziers,  street-sweepers,  day-laborers,  and 
certain  hat-makers. 

Such  statistics  give  only  a  general  impression;  it  is  easy  to  see, 
for  instance,  how  improper  it  is  to  group  together  millers  and  con- 
fectioners, and  to  what  a  variety  of  dangers  workers  in  the  same  trade 
even  are  exposed.  Many  dangers  have  disappeared  with  the  advance 
of  industrial  methods,  but  the  opposite  is  also  true.  According  to 
Merkel,  the  following  anatomic  and  clinical  varieties  of  dust-diseases 
have  been  observed  up  to  the  present  time:  (1)  Coal-dust,  soot,  and 
graphite;  (2)  ferrous  oxid,  ferric  oxid,  and  ferric  phosphate,  mixture 
of  steel  and  sandstone  dust  (grindstone);  (3)  stone  dust  and  clay 
dust;  (4)  tobacco  dust;  (5)  cotton  dust. 

Many  workmen,  in  whom  the  entrance  of  dust  into  the  air-passages 
is  undoubted,  are  exposed  to  such  a  complication  of  injuries  that  the 
dust  plays  but  an  accessory  part  in  the  development  of  their  thoracic 
diseases. 

[Strongly  irritating  particles  or  vapors  may  act  as  direct  ex- 
citers of  bronchitis,  as,  for  instance,  the  vapor  of  ammonia,  of  iodin, 
of  bromin;  finely  divided  ipecacuanha,  pepper,  or  tobacco;  and,  in 
the  case  of  those  especially  liable,  the  pollen  of  certain  varieties 
of  flowering  grass.  So-called  hay-asthma  is  a  striking  example.  It 
is  caused  by  the  inhalation  of  Anthoxanthum  odoratum.     Violent  and 
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continued  sneezing,  dyspnea  occuiriii^  in  paroxysms,  oppression  and 
retrosternal  soreness,  and  wearisome  C(jugli,  wiiich  is  at  first  dry  but 
ultimately  may  produce  a  varying  amount  of  watery,  nmcoid,  or 
faintly  opaque  expectoration,  are  the  main  symptoms  in  cases  in- 
volving the  bronchi  (Ewart). — Ed.] 

3.  The  Inhalation  of  Gases. — In  this  class  also  occupation-diseases 
claim  the  largest  share  of  our  interest.  The  following  substances  are 
to  be  especially  noted :  Nitrous  and  nitric  acid,  pure  nitric  acid,  which 
is  relatively  least  dangerous,  sulphuric  acid,  chlorin  gas,  muriatic  acid, 
iodin.  bromin,  oil-vapors,  lime-vapors,  and  the  vapors  arising  from 
burning  tar. 

Am}-1  alcohol  and  amyl  ether  (CioHiiO)  exert  so  powerful  an 
influence  on  the  mucous  membranes  that  the}'^  excite  violent  coughing 
and  even  expectoration  of  blood. 

Inhalation  of  carbonic  acid  also  causes  cough  and  catarrh  of  the 
mucous  membranes.  The  amount  of  carbonic  acid  in  the  air  of  a 
dwelling-room  should  never  exceed  1  per  thousand.  On  the  other 
hand,  illuminating  gas  appears  to  be  harmless. 

Ammonia  and  clilorin  excite  an  inflammation  which,  with  ex- 
pectoration of  blood,  may  go  on  to  croup  and  pneumonia.  The  vapors 
of  muriatic  acid  are  similar  in  their  influence  to  those  of  chlorin. 
Sulphuric  acid  also  causes  a  very  decided  bronchitis ;  that  excited  by 
nitric  acid  is  still  more  intense,  presenting  all  the  symptoms  of  an 
increasing  bronchitis,  and  sometimes  terminating  in  edema  of  the 
lungs  and  death.  It  is  well  known  that  attacks  of  asthma  are  treated 
by  the  inhalation  of  the  vapors  which  arise  from  the  burning  of 
niter  paper.  This,  however,  generates  not  nitric  acid,  but  ammonia 
and  carbonic  acid.  The  stable  decomposition  products  of  the  niter 
are  mechanically  separated  as  potassium  carbonate  and  potassium 
nitrate. 

Hydrogen  sulpMd  is  not  dangerous  to  the  bronchi;  neither  is 
carbon  disulphid.  In  the  same  way  hydrogen  arsenid,  hydrogen  anti- 
monid,  and  hydrogen  phosphorid,  while  they  are  fatal  to  the  organism 
if  they  enter  the  blood,  do  not  cause  any  recognizable  injury  in  the 
bronchi;  on  the  other  hand,  hydrogen  silico-fluorid  and  hjTlrogen 
selenid  have  an  irritating  influence  on  the  mucous  membrane. 

The  inhalation  of  the  vapor  of  concentrated  nitric  acid  causes 
relatively  little  irritation  and  excites  only  a  hyperemia  of  the  bron- 
chial mucous  membrane;  the  substance  has  even  been  recommended 
for  medicinal  use  in  the  form  of  inhalations!  Among  workers  in 
melinite  factories  attacks  of  dyspnea  with  dry  cough,  accelerated 
respiration,  anemia,  and  great  weakness  have  been  observed;  these 
attacks  are  caused  by  the  picric  acid  which  is  developed  during  the 
^vork.  Reynault  and  Sarlet  have  described  this  condition  as  hron- 
chite  meliniteuse.^ 

4.  Infection  of  the  Surface  of  the  Mucous  Membrane. — It  is  sup- 
posed that  specific  germs  reach  the  bronchi  through  inhalation  and 

*  Annales  d'hygiene  publiques,  xxv. 
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cause  peculiar  diseases  if  they  find  a  place  to  establish  themselves. 
The  healthy  mucous  membrane  is  unquestionably  a  very  poor  medium 
for  the  growth  of  micro-organisms;  hence  predisposing  factors  must 
be  present  to  facilitate  the  entrance  of  the  germs.  Infection  with  the 
tubercle  bacillus  has  never  been  satisfactorily  explained.  Can  it  take 
place  through  the  normal  bronchial  mucous  membrane? 

[Councilman,  ]\Iallory,  and  Pearce,*  in  the  study  of  220  fatal  cases 
of  cUphtheria,  found  bronchitis  in  most  cases.  The  mucous  mem- 
brane of  the  larger  bronchi  was  reddened  and  covered  vnXh.  exuda- 
tion, and  usually  small  drops  of  pus  could  be  forced  from  the  smaller 
bronchi  on  pressing  the  cut  surface  of  the  lung.  In  42  cases  there  was 
a  fibrinous  exudation  in  the  bronchi,  forming  in  the  larger  bronclii  a 
distinct  membrane,  and  completely  filhng  the  smaller. — Ed.] 

5.  Bronchitis  Due  to  Nervous  Disturbances. — ^These  forms  are  very 
obscure  and  hypothetical.  As  it  is  certain,  however,  that  the  circula- 
tion of  the  bronchial  apparatus  is  under  nervous  control,  and  that 
diseases  of  the  brain  and  of  the  A'agi  have  been  followed  by  catarrh  of 
the  lungs  which  in  its  sudden  and  peculiar  course  differs  from  all  our 
usual  observations,  I  believe  that  this  subdivision  should  be  recog- 
nized, foUo^nng  the  example  of  Marfan,  who  distinguishes  bronchitis  of 
an  angioneurotic  type  and  an  asthmatic  form.  It  is  always  doubtful 
how  far  the  nervous  element  plays  a  part  in  these  cases,  and  whether 
it  is  not  rather  the  circulatory  disturbance  that  occasionally  leads 
secondarily  to  bronchitis.  To  describe  a  special  asthmatic  form  of 
bronchitis  is  in  many  respects  very  conA'enient;  for  when,  as  is  not 
at  all  infrequent,  the  symptoms  of  bronchitis  are  accompanied  by 
asthmatic  attacks,  or  attacks  of  ch'spnea  in  which  there  is  an  inspira- 
tory spasm  and  the  expiration  is  reduced  to  a  minimum,  the  bron- 
chitis, because  of  these  symptoms,  presents  a  special  type.  In  many 
cases  the  disease  really  begins  as  asthma,  and  it  would  therefore  seem 
more  correct  to  describe  tliis  form  under  the  head  of  asthma,  as 
heretofore ;  but  in  other  cases  such  a  classification  is  out  of  the  ques- 
tion. Violent  fits  of  coughing  vnih  intense  ch'spnea  occur  in  aU 
possible  forms  of  bronchitis.  Simple  dry  catarrh  often  gives  rise  to 
attacks  that  closely  simulate  asthma;  and  all  the  other  forms,  espe- 
cially chronic  catarrh,  may  have  the  same  effect.  In  the  .capillary 
bronchitis  of  cliildren  the  presence  of  this  asthmatic  element  may 
lead  to  mistakes  in  diagnosis,  such  as  whooping-cough,  for  instance. 
There  are  even  incUviduals  who  appear  to  have  a  tendency  to  the 
occurrence  of  paroxysms,  either  congenital  or  the  result  of  changes  in 
the  circulatory  apparatus;  we  may  say  that  an  asthmatic  element 
mingles  wdth  the  bronchitis,  although  we  cannot  speak  of  a  genuine 
asthma.  In  such  cases  the  term  asthmatic  bronchitis  is  justifiable. 
I  beheve,  however,  that  the  introduction  of  this  term  is  attended  by 
the  danger  of  great  confusion ;  even  now  much  mischief  is  sometimes 
done  by  its  slovenly  use.  The  best  opportunity  is  given  by  this 
means  to  neglect  a  thorough  investigation  and  observation,  to  throw 

*  Jour.  Boston  Soc.  Med.  Sci.,  vol.  v,  No.  5,  1900. 
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all  such  cases  under  the  heading  "bronchitis,"  and  to  treat  them 
schematically.  If  the  bronchitis  assumes  a  special  character,  there 
must  be  a  special  reason  for  it.  Of  course,  if  the  reason  cannot  be 
found  it  is  most  convenient  to  say:  "Why,  all  this  may  occur  in  an 
ordinary  case  of  simple  bronchitis."  Believe  it  who  will;  pray,  what 
do  you  mean  by  ''si))iple  bronchitis  "? 

6.  Bronchitis  in  Constitutional  Diseases. — The  causal  relation- 
sliip  must  be  thoroughl}'  pro^■ed  before  being  accepted.  There  seems 
to  be  a  true  gouty  bronchitis,  in  which  urates  are  excreted  through 
the  bronchi.  The  establishment  of  a  form  of  bronchitis  in  arthritis, 
in  neuroarthritis,  in  herpes,  and  in  the  h-mphatic  diathesis,  of  which 
we  read  much  in  the  French  literature,  is  an  attempt  to  subject  to 
scientific  investigation  the  difficult  problem  of  the  constitution,  which 
must  necessarily  play  its  part  in  every  pathologic  condition.  These 
attempts  have  so  far  resulted  in  nothing  more  substantial  than  words. 
Although  it  cannot  be  denied  that  the  question  has  excited  a  lively 
interest  and  has  been  made  the  object  of  much  ingenious  speculation, 
we  are  unable  to  apprehend  and  prove  scientifically  the  peculiar  in- 
fluence of  indi^'iduality  on  the  course  of  disease  When  a  diabetic  or 
a  corpulent  incUvidual  is  attacked  ^^dth  bronchitis,  it  is  not  in  itself  a 
special  kind  of  bronchitis,  although  it  may  in  diabetics  increase  the 
tendency  to  tuberculosis,  and  in  the  corpulent  favor  development  of 
cardiac  disease. 

7.  Bronchitis  in  Infectious  Diseases. — After  the  commimication  of 
Gintrac  *  we  can  no  longer  doubt  the  occurrence  of  bronchitis  in 
intermittent  fever.  This  author  observed  a  form  of  bronchitis  that 
comes  on  daily,  runs  its  course  with  chill,  fever,  and  sweat,  and  is 
quickly  cured  by  quinin.  The  bronchitis  of  typhoid  (enterica)  is  well 
known;  it  is  so  constant  that  we  can  regard  it  as  one  of  the  chief 
symptoms  of  the  disease.  It  has  its  chief  seat  in  the  smaller  bronchi, 
and  is  characterized  by  the  fact  that,  in  spite  of  the  great  extent  of 
the  disease,  the  cough  and  discharge  are  reduced  to  a  minimum  and 
are  often  entireh'  absent,  as  if  the  normal  reflexes  were  abolished  bj' 
the  pyrexia.  Under  the  influence  of  a  cold  shower-bath  we  often  see 
how  the  patient  begins  to  cough,  and  how  the  discharge  also  is  in- 
creased. The  bronchitis  of  other  infectious  diseases  cited  in  the 
classification  needs  no  further  elaboration. 

8.  The  intoxications  which  give  rise  to  bronchitis  are  not  numer- 
-ous.  Those  which  work  through  poisonous  gases  have  already  been 
mentioned,  but  their  effect  is  especially  on  the  mucous  membrane. 
Here  we  have  to  do  more  particularly  vn.th.  those  injuries  which  con- 
tinue to  act  after  the  poison  has  reached  the  blood  or  the  stomach. 
Thus  we  occasionally  speak  of  a  bronchitis  in  ammonia  poisoning, 
when  the  poison  was  not  inhaled,  but  swallowed.  It  may  well  be 
asked,  however,  whether  in  these  cases  the  corrosion  of  the  throat 
and  epiglottis,  which  is  always  present,  interferes  •snth  deglutition, 

*  '■  Dictionnaire  de  Med.  et  Chir.  pratiques,"  Article  on  "  Bronches,"  p.  .569. 
He  cites  especially  a  description  of  Bouchard,  Journ.  vied,  de  Bruxelles,  1857. 
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and  causes  the  saliva  and'other  products  to  run  into  the  trachea,  must 
not  be  blamed  as  the  direct  cause. 

A  bronchitis  has  also  been  observed  following  the  use  of  bromin 
and  iodin,  in  carbolic  acid  poisoning,  and  in  poisoning  with  can- 
tharides.  In  the  first  three,  it  may  be  regarded  as  certain  that  a  small 
portion  of  the  poison  reaches  the  bronchi  through  the  blood.  In  the 
tracheobronchitis  which  is  due  to  cantharides  poisoning  the  mechan- 
ism is  not  so  clear.  It  is  certain  that  a  very  peculiar  irritaion  of 
the  respiratory  tract  takes  place. 

By  far  the  most  frequent,  and  one  of  the  most  important,  forms 
of  bronchitis  is  that  which  is  due  to  alcoholic  abuse.  It  is  one  of 
the  most  wide-spread  forms  of  chronic  bronchitis,  and  is  especially 
characterized  by  a  tendency  to  emphysema  and  the  formation  of 
cylindric  dilatations  of  the  bronchi.  A  portion  of  the  alcohol  is 
excreted  through  the  bronchial  mucous  membranes,  and  in  this  way 
exerts  its  injurious  influence  on  the  musculature,  on  the  blood-vessels, 
and  on  the  epithelium.  This  explains  the  flaccidity  and  hyperemia 
of  the  bronchi;  the  epithelium  loses  its  cilia;  masses  of  mucus  accu- 
mulate ;  and  it  is  easy  to  understand  the  development  of  the  highest 
degree  of  emphysema,  when  we  consider  how  persistently  people  ex- 
pose themselves  to  these  influences.  Now,  these  catarrhs  are,  as  a 
rule,  erroneously  ascribed  to  cold.  All  these  broncho-catarrhs  with 
emphysema,  which  we  find  so  frequently  in  workmen,  are  drinkers '- 
catarrhs  (Schnapps-katarrhe). 

Drinkers -catarrh  is  the  most  perfect  example  of  an  exhalation 
catarrh.  Iodin  catarrh  belongs  to  the  same  category.  Another  ex- 
ample is  furnished  by  the  proof  that  in  carbolic  acid  poisoning  a 
severe  tracheobronchitis  may  occur  which  was  formerly  explained 
by  the  fact  that  a  portion  of  the  carbolic  acid,  instead  of  being  swal- 
lowed, found  its  way  into  the  trachea.  But  that  this  view  was  not 
sufficient  to  explain  the  conditions  has  been  very  decisively  shown 
by  the  experiments  of  Wachholz.*  Finally,  it  is  not  improbable  that 
in  certain  pathologic  conditions  the  body  itself  elaborates  injurious 
products,  which  are  excreted  by  the  mucous  membrane  of  the  bronchi 
and  excite  a  condition  of  irritation  and  inflammation. 

9.  Bronchitis  in  Diseases  of  the  Upper  Air-passages,  of  the  Lungs, 
of  the  Pleurse,  of  the  Mediastinum,  and  of  the  Sternum  (Kyphosis 
and  Scoliosis). — These  are  to  be  explained  in  part  by  extension,  but 
still  more  by  the  injurious  influences  on  the  act  of  respiration,  which 
are  unavoidable.  They  often  favor  the  penetration  of  dust,  and  then 
affect  the  nasal  breathing.  Diseases  which  bring  about  a  diminution 
in  the  size  of  the  thorax  have  as  their  prototype  bronchitis  due  to 
kyphosis  and  scoliosis.  Here  the  lung  is  too  small  and  the  movement 
of  the  thorax  is  too  limited,  so  that  the  power  of  aspiration  is  impaired. 
As  a  consequence  of  this,  the  circulation  is  impeded,  especially  in  the 
lower  portions  of  the  lungs  [a  passive  congestion  is  established].  All 
forms  of  intercostal  neuralgia  are  connected  with  these  difficulties, 

*  Deutsche  med.  Wochenschr.,  1895,  Nr.  9. 
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and  intorforo  with  the  breathing.  Honco  in  the  worst  cases  the 
same  condition  develops  as  is  found  in  mitral  bronchitis. 

10.  Bronchitis  in  heart-disease  deserves  especial  mention.  The 
cases  have  been  di\'ide(l  into  those  of  mitral  and  those  of  aortic  in- 
sufficiency; there  are,  however,  also  mixed  and  other  types.  The 
first-named  form,  mitral  bronchitis,  is  the  one  usually  seen.  Lasegue 
says  it  is  characterized  by  hypostatic  congestion  of  the  lungs,  with 
small,  moist  rales,  diminishing  from  below  upward.  A  small  amount 
of  fluid  is  usually  present  at  the  base.  He  declares  that  the  dyspnea 
which  is  present  is  especially  characteristic,  occurring  after  the 
slightest  exertion,  while  cough  and  expectoration  are  almost  un- 
noticeable;  the  pseudo-asthmatic  attacks  that  are  seen  in  em- 
physematous patients,  occurring  at  night  without  any  apparent 
reason,  are  entirely  lacking.  The  sputum  is  mucopurulent  and  char- 
acterized by  the  presence  of  the  so-called  cardiac  insufficiency  cells, 
which  have  given  rise  to  all  manner  of  discussion  in  recent  times.  For 
these  large  cells,  which  in  healthy  individuals  contain  black  pigment, 
•in  these  patients  present  red,  rust-colored  pigment  which  contains 
iron,  is  evidently  derived  from  the  blood,  and  has  received  the  name 
"hemosiderin  "  (therefore  ''hemosiderin  cells,"  the  latest  name).* 
The  cells  unquestionably  originate  in  the  alveoli  of  the  lungs;  this 
knowledge  is  chiefly  based  on  the  fact  that  they  are  very  similar  to 
the  cells  which  are  normally  present  and  are  generally  regarded  as 
desquamated  epithehal  cells.  The  name  cardiac  insufficiency  cells 
is  justified  because  they  are  found  almost  constantly,  and  in  such 
numbers  as  to  be  considered  characteristic,  in  the  hypostatic  condi- 
tions of  heart  disease  and  in  no  other  conditions.  It  is  stated  that 
they  are  occasionally  found  in  tuberculosis,  pneumonia,  and  other 
diseases  of  the  lungs,  but  this  has  no  significance  whatever.  They  are 
quite  rare,  I  may  say  exceptional,  findings,  just  as  asthma  spirals 
may  be  found  in  those  who  are  not  asthmatic,  or  tube-casts  in  the 
urine  of  those  who  have  not  Bright 's  disease.  In  fact,  w^e  generally 
find  that  certain  symptoms  are  quite  characteristic  for  one  disease, 
but  occasionally  occur  in  many  others.  Aortic  bronchitis,  on  the 
other  hand,  and  the  form  occurring  in  arteriosclerosis,  is  not  a  char- 
acteristic, but  an  artificial  form;  although,  according  to  Lasegue,  it 
is  associated  with  the  presence  of  small  scattered  foci  with  small  moist 
rales,  and  the  patients  have  violent  and  convulsive  attacks  of  cough- 
ing. As  I  have  said  before,  I  do  not  believe  that  these  symptoms  are 
due  to  bronchitis  at  all.  Pure  aortic  insufficiency  never  leads  to 
bronchitis,  although  stenosis  does  in  its  later  stages,  the  bronchitis 
being  quite  similar  to  the  form  observed  in  mitral  disease. 

Myocarditis  has  also  been  credited  with  a  special  form  of  bron- 
chitis.    Huchard  t  calls  this  form  bronchite  a  repetition  de  la  rnyo- 

*  Note  here  also  the  mania  for  nomenclature.  As  hemosiderin  is  far  from  being 
accurately  known,  the  new  name  is  no  better  than  the  old;  however,  it  sounds  so 
beautiful  that  I  can  promise  it  a  certain  lease  of  life. 

t  "Traite  des  maladies  du  coeur." 
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cardite  sclereuse.  It  consists  of  ordinary  attacks  of  bronchitis,  which 
do  not  last  long,  but  gradually  become  chronic  and  lead  to  a  condition 
like  that  in  mitral  bronchitis,  with  severe  asthmatic  attacks. 

The  important  thing  is  to  know  the  fundamental  type  of  mitral 
bronchitis  and  to  remember  that  a  whole  group  of  cardiac  affections, 
especially  diseases  of  the  myocardium,  of  the  coronar}^  vessels,  and 
also  of  the  aorta,  may  cause  pseudo-asthmatic  and  stheno-cardiac 
conditions. 

We  have  frequently  mixed  forms,  but  the  fundamental  form  is 
always  true  congestive  catarrh  (Stauungskatarrh).  As  the  bronchial 
veins  empty  through  the  vena  azygos  into  the  vena  cava,  the  bronchi 
do  not  at  first  come  under  the  influence  of  the  venous  engorgement  in 
mitral  and  aortic  lesions,  and  are  not  affected  by  these  to  any  high  de- 
gree until  the  engorgement  extends  backward  through  the  right  side  of 
the  heart.  This  is  evidently  the  reason  that  in  many  mitral  lesions 
we  see  a  good  compensation,  without  bronchitis,  preserved  for  some 
time,  for  the  anastomoses  between  the  arterise  pulmonales  and  the 
venee  bronchiales,  w^hich  are  sparingly  present,  become  enlarged  and" 
so  for  a  time  prevent  a  burdening  of  the  alveoli. 

11.  Bronchitis  in  diseases  of  the  digestive  tract  s  only  an  excep- 
tional occurrence.  Bouchard  and  Le  Gendre  claim  to  have  observed 
bronchial  catarrh  as  a  frequent  symptom  in  cUlatation  of  the  stomach  ; 
it  might  be  of  reflex  origin  or  due  to  autointoxication.  A  distended 
stomach  might  also  exert  pressure  on  the  posterior  lower  portion  of 
the  lung  through  the  diaphragm.  What  I  have  observed  of  dilatation 
of  the  stomach,  however,  by  no  means  corroborates  this  view. 

The  bronchitis  of  dentition  in  children  may  also  be  mentioned  here. 
While  many  children  at  the  time  of  dentition  suffer  from  slight  diar- 
rhea, there  are  also  some  who  remain  constipated,  and  a  tendency 
to  bronchitis  then  manifests  itself ;  whether  there  is  really  any  deeper 
relation  I  dare  not  assert.  It  is  certain  that  children  at  this  time  are 
susceptible,  or,  as  skilled  nurses  say,  are  liable  to  attacks  (anfdllig). 
They  are  also  more  apt  to  develop  bronchitis  than  in  times  when  they 
are  well.  But  I  cannot  regard  a  dentition  bronchitis  as  a  special 
form.  I  can  make  nothing  of  Gintrac's  statement  that  "it  is  due 
to  organic  disposition  peculiar  to  each  child,  in  consequence  of  which 
the  sympathetic  influence  of  dentition  manifests  itself  in  one  case  in 
the  follicular  apparatus  of  the  bronchi;  in  another,  in  the  folhcular 
apparatus  of  the  intestine." 

Marvelous  descriptions  of  bronchitis  from  worms  are  found  in  some 
of  the  older  books.  It  is  true  that,  in  individuals  who  are  predisposed, 
cough  may  be  excited  by  any  form  of  peripheral  irritation.  I  admit 
the  possibility  of  a  stomach,  liver,  intestine,  spleen,  or  uterus  cough; 
I  W'Ould  not  even  reject  a  kidney  cough  if  a  good  clinical  history  was 
presented  to  me  from  a  reliable  quarter.  But  from  reflex  cough  to 
bronchitis,  it  wdll  be  admitted,  is  a  very  long  step.  This  worm-cough, 
then,  is  described  as  a  dry,  sonorous,  extremely  violent  cough,  occur- 
ring day  and  night,  often  every  five  minutes,  in  which  some  rales  are 
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heard  in  (ho  chest,  and  which  disappears  when  the  worms  are  ex- 
terminated. 

I  also  have  my  doubts  about  the  assertion  that  bronchitis  occurring 
in  chill h-en  with  digestive  disturbances,  especially  diarrhea,  is  a  con- 
sequence of  the  intestinal  catarrh.  It  is  true  that  this  coincidence 
is  not  infrequent  in  sickl\'  children,  but  the  one  is  not  the  consequence 
of  the  other.  In  conditions  of  malnutrition  the  bronchi  easily  suc- 
cumb to  shght  injuries  to  which  children  are  so  frequently  exposed; 
In  many  cases  scrofula  is  no  doubt  the  predisposing  factor  both 
for  the  intestinal  canal  and  for  the  bronchi;  and  whether  one  or  the 
other  system,  or  both,  are  affected  depends  on  the  distribution  of  the 
scrofulous  lesions,  particularly  in  the  glands. 

12.  Bronchitis  due  to  nephritis  is  quite  frequent,  and  we  accord- 
ingly speak  of  allHiminuric  bronchitis.  It  is  supposed  that  this  form 
is  due  to  uremic  disturbances,  but  the  impairment  of  the  heart  action, 
which  is  peculiar  to  nephritis,  is  no  doubt  partly  responsible  for  its 
production.  However,  this  form  of  bronchitis  occurs  commonly 
enough  in  acute  nephritis,  when  there  are  no  signs  of  heart  trouble  or 
uremia.  The  causal  relationship  must  therefore  remain  undecided 
for  the  present. 

Lasegue,  who  has  made  a  special  study  of  albuminuric  bronchitis, 
distinguished  three  forms:  (1)  Bronchopulmonary  edema  of  short 
duration  (oedeme  broncho-pidmonaire  fugace  et  migrateur) ,  charac- 
terized by  severe  dyspnea  coming  on  in  paroxysms,  and  by  the 
presence  of  crepitant  rales  in  circumscribed  areas  of  the  lungs. 
(2)  True  albuminuric  bronchitis,  like  the  foregoing,  characterized  by 
dyspnea  and  cough,  with  occasional  severe  paroxj^sms,  but  presenting 
over  a  wdde  area,  including  all  the  lower  portion  of  the  lungs.  (3) 
A  form  of  very  great  severit}',  in  which  to  the  symptoms  of  the  pre- 
ceding forms  are  added  areas  of  dulness  and  febrile  movements. 

[Johannes  Seitz  *  reports  two  cases  of  acute  bronchitis  in  children, 
which  were  followed  by  acute  nephritis.  Scarlet  fever  and  other 
causes  w^re  excluded.  A  few  clays  after  exposure  and  consequent 
acute  bronchitis,  albumin  in  large  quantity,  blood,  renal  epithelium, 
and  casts  were  found  in  the  urine,  which  had  pre^dously  been  normal. 
Virulent  Staphylococcus  pyogenes  albus  and  aureus  and  Streptococcus 
pyogenes  were  found  in  both  urine  and  sputum.  In  one  case  albumin 
persisted  for  some  time.  The  author  considers  both  cases  of  neph- 
ritis due  to  transference  of  the  bacteria — which  had  gained  entrance 
through  the  bronchi — to  the  kidneys.  This  was  the  only  report  of 
cases  found  after  an  exhaustive  review^  of  the  literature  on  the  subject. 
The  possibility  and  the  probability  of  such  relation  are  urged  by 
writers  f  on  the  subject,  but  no  cases  are  cited. — Ed.] 

13.  Diseases  of  the  skin  by  no  means  predispose  to  bronchitis, 
and  for  the  present  I  must  regard  the  coincidence  of  the  two  as  purely 
accidental.     If  the  onset  of  a  bronchitis  is  followed  by  improvement 

*  Correspondenz-Blatt  fur  schweizer  Aerzte,  xxviii,  1898,  673. 
t  Lasegue,  "  Etudes  Medicales,"  Paris,  1884. 
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in  an  eczema  which  was  present,  it  is  no  proof  that  there  is  a  direct 
relation  between  the  two  conditions.  It  is  often  observed  that  skin 
eruptions  abate  on  the  appearance  of  severe  internal  diseases,  and 
Hebra  has  already  sufficiently  criticized  the  theory  that  eczema  may 
give  rise  to  metastasis  in  the  internal  organs.  The  only  fact  that 
remains  is  that  any  acute  exanthema  may  involve  the  mucous  mem- 
branes of  the  respiratory  organs  (enanthema). 

[Eosinophilic  bronchitis  is  described  by  Teichmiiller.*  The  exact 
nature  of  the  disease  and  its  causes  are  not  known,  but  it  seems  to 
be  related  to  tuberculosis  and  also  to  a  general  neurotic  family  history. 
It  is  not  uncommonly  associated  with  rheumatism  and  is  likely  to 
follow  exposure.  It  commonly  runs  a  subacute  or  a  chronic  course. 
Among  the  symptoms  are  dyspnea;  frequent  cough;  mucoid  ex- 
pectoration containing  a  large  number  of  eosinophile  cells;  some  pain 
in  the  chest ;  disturbance  of  digestion.  Fever  is  usually  not  present. 
It  is  often  cUfficult  to  distinguish  the  disease  from  tuberculosis,  but 
the  prognosis  is  good.  The  treatment  recommended  is  hygienic  and 
dietetic,  giving  potassium  iodid  if  syphilis  is  suspected. — ^See  also 
the  article  on  Asthma  for  a  discussion  of  this  form  of  bronchitis. 
On  the  other  hand,  Fuchs  t  finds  eosinophiles  in  the  sputum  in  in- 
creased numbers  in  all  affections  of  the  respiratory  tract,  but  espe- 
cially in  the  fevers.  Teichmiiller's  view,  that  in  the  early  stages  of 
tuberculosis  the  presence  of  increased  numbers  of  eosinophiles  in  the 
sputum  is  a  sign  of  good  resistance,  and  therefore  a  point  on  which 
to  base  the  prognosis,  is  considered  by  Fuchs  too  broad  for  practical 
purposes. — Ed.] 

PATHOLOGIC  ANATOMY, 

Catarrh  of  the  bronchi  begins  with  a  hyperemia  of  the  mucous 
membrane.  This  is  the  consequence  of,  and  the  natural  reaction  to, 
the  injury  received.  At  first  the  hyperemia  consists  only  in  well- 
marked  injection  of  many  small  blood-vessels,  which  stand  out  quite 
distinctly;  soon,  however,  the  redness  becomes  quite  diffuse  and 
small  hemorrhages  generally  occur.  In  a  certain  number  of  cases 
these  quickly  disappear,  but  in  the  majority  of  cases  they  last  for  a 
variable  time. 

These  hemorrhages  either  last  as  long  as  the  catarrh,  or  they 
gradually  disappear,  in  spite  of  the  continuance  of  the  catarrh,  and 
give  place  to  an  anemic  condition.  The  principles  which  govern  this 
occurrence  are  quite  unknown. 

In  a  certain  number  of  cases  the  hyperemia  precedes  the  catarrh, 
and  then  acts  as  a  predisposing  factor,  especially  in  the  so-called 
engorgement  hyperemia.  Of  the  hyperemia  it  is  to  be  observed  that 
it  may  be  entirely  lacking  at  the  autopsy,  although  it  was  present 
to  a  very  high  degree  during  life.     This  is  especially  observed  in  the 

*  Deut.  Arch.  f.  klin.  Med.,  Aug.  18,  1899. 

t  Deut.  Arch.  f.  klin.  Med.,  vol.  63,  p.  427,  1901. 
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bronchi,  on  account  of  the  great  number  of  elastic  fibers  contained  in 
their  walls. 

A  more  abundant  serous  transudation  now  appears,  which  is  re- 
garded as  the  result  of  begiiinin<j;  alteration  of  the  epithelial  wall. 
The  nature  of  the  transudate  varies  greatly  according  to  the  cause  of 
the  inflammation:  it  is  now  richer,  and  now  poorer  in  albumin.  At 
times  red  blood-corpascles  may  appear  in  it  in  great  numbers,  while 
at  other  times  they  are  almost  entirely  lacking.  The  same  is  true 
with  regartl  to  the  wandering  out  of  the  white  blood-corpuscles.  The 
transudation  is  not  merely  the  expression  of  a  filtration  process,  but 
involves  many  complicated  relations,  which  have  not  been  made  the 
subject  of  investigation. 

The  transudate  produces  hypertrophy  of  the  mucous  membrane, 
which  appears  very  rich  in  fluid  and  assumes  a  peculiar  velvety 
character.  In  the  smaller  bronchi  this  swelling  may  obAiously  lead 
to  such  a  narrowing  of  the  lumen  that  the  passage  of  the  air  is 
attended  by  great  difficulty,  and  finally  becomes  quite  impossible. 
This  narrowing  naturally  develops  earliest  in  young  children,  and  Ave 
accordingly  see  that  in  these  subjects  catarrh  of  the  finer  bronchi 
must  in  itself  represent  a  disease  that  is  dangerous  to  life. 

The  longer  the  catarrhal  inflammation  lasts,  the  more  obstinate 
is  the  swelling,  and  the  same  obstinacy  is  noticed  in  the  frequent 
recurrences.  In  the  more  chronic  conditions  it  therefore  leads  to 
proliferation  in  the  glands,  while  the  interglandiilar  tissue  is  edematous 
and  shows  many  nuclei ;  in  this  way  a  true  hypertrophy  of  the  mucous 
membrane  may  take  place.  This  hypertrophy  of  the  mucosa  is  weU 
marked  in  certain  old  catarrhal  conditions. 

The  glands  appear  very  prominent  on  the  surface  of  the  mucous 
membrane.  From  the  mouth  of  a  gland  duct  a  small  drop  of  fluid 
can  be  expressed  consisting  of  mucus  which  is  turbid  from  the  presence 
of  desquamated  cells.  The  orifices  are  much  enlarged,  and  may  even 
be  cUstinctly  visible  to  the  naked  eye.  They  may  even  be  mistaken 
for  submiliary  ulcerations. 

In  addition  to  the  glandular  changes,  there  is  always  an  abimdant 
new  formation  of  blood-vessels,  which,  under  certain  circumstances, 
form  A-illous  growths,  cause  ijulging  of  the  mucous  membrane,  and  alter 
the  surface  after  the  manner  of  papillary  formations.  These  new 
blood-vessels  also  penetrate  the  muscular  coat  and  even  the  cartilage, 
which  may  soften  and  break  down  in  places,  to  the  serious  detriment 
of  the  bronchial  wall. 

In  marked  contrast  to  these  cases,  there  are  others  in  which  no 
such  hypertrophy  occurs,  but  in  which  the  new  gro\Ai:h  of  connective 
tissue  leads  to  cicatricial  contractions:  the  glands  and  blood-vessels 
are  compressed  and  an  atrophic  mucous  membrane  results.  In  many 
such  cases  it  looks  as  if  the  atrophic  form  were  the  real  terminal 
condition,  the  hypertrophic  form  representing  an  earlier  stage.  But 
in  opposition  to  this  view,  a  similar  hypertrophy  has  been  found  in 
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well-authenticated  old  and  chronic  cases,  so  that  we  are  forced  to 
believe  that  the  hypertrophic  process  does  not  necessarily  end  in 
atrophy.  In  this  region  also,  as  in  the  large  glands  of  the  abdomen, 
it  is  not  yet  decided  what  factors  determine  whether  the  one  or  the 
other  process  shall  develop.  One  would  think  that  these  questions 
could  be  most  easily  answered  in  the  case  of  the  pharynx  and  larynx, 
which  are  easily  and  constantly  accessible  to  observation.  Here  also 
hypertrophic  and  atrophic  forms  of  catarrh  have  been  observed,  but 
here  also  clinical  and  pathologic  observations  have  failed  to  yield 
harmonious  results,  so  that  one  would  explain  the  other. 

A  few  points  have,  however,  been  established ;  they  are : 

1.  The  tendency  to  hypertrophic   catarrh  manifests  itself  espe- 
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Fig.  4. — Acute  catarrhal  bronchitis. 


cially  in  mucous  membranes  that  contain  man}^  glands,  as  the  par- 
ticipation of  the  glands  is  necessary  to  the  development  of  these 
chronic  h^^pertrophies ;  in  structures  consisting  only  of  epithelium  and 
connective  tissue  catarrh  leads  to  an  atrophic  condition.  On  this 
depends  the  fact,  which  at  present  interests  us  especially,  that  the 
further  the  chronic  catarrh  extends  toward  the  finer  bronchi,  the  more 
it  assumes  an  atrophic  character.  It  is  possible,  however,  for  the 
hypertrophic  form  to  develop  even  in  the  terminal  ramifications. 
To  be  sure,  there  are  no  longer  any  open  glands,  but  the  mucous 
membrane  still  contains  follicular  tissue. 

2.  In  healthy  indi\dduals  there  is  no  a  priori  tendency  to  the 
development  of  an  atrophic  catarrh  in  mucous  membranes  that  are 
well  supplied  with  glands.     If  the  catarrh  assumes  such  a  character, 
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the  quostidii  at  onco  suggests  itself,  Has  not  the  catarrh  developed 
on  an  abnormal  soil?  An  abnormal  soil  of  this  kind  is  prepared 
chiefly  by  syphilis  and  alcoholism.  Certain  injurious  local  influences, 
as  tobacco  smoke  and  dust-inhalation  especiall}-,  provoke  a  h}'per- 
trophic  catarrh. 

Secondary  Changes. — In  consequence  of  the  changes  in  the  mucous 

membranes,  the  epithelium  is  still  further  loosened;  the  swelling  and 
serous  infiltration  naturally  exert  their  full  effect  whether  an  injury 
has  already  destroyed  the  epithelial  elements  or  the  loosening  now 
occurs  for  the  first  time.  Tlie  cylindric  epithelial  cells  become  swol- 
len, part  of  their  cilia  are  lost,  the  nuclei  become  more  distinct,  and 
the  cells  are  cast  off  and  enter  the  secretion.  Others  lose  their  upper- 
most, cilia-bearing  portion,  become  goblet-shaped,  and  pour  their 
contents  out  on  the  free  surface.  Some  of  the  epithelial  cells  thus 
become  mucous  cells  and  others  become  goblet-cells.  When  the 
inflammation  becomes  still  more  severe,  all  the  epithelial  cells  are 
cast  off,  the  uppermost  layer  is  formed  of  round  cells,  the  surface 
assumes  the  characteristic  smooth  and  shiny  aspect  due  to  the  base- 
ment membrane  being  laid  bare  (Ewart  and  other  authorities),  loses 
its  smoothness  entirely,  and  becomes  rough. 

In  cases  in  which  the  inflammation  lasts  a  long  time  and  in  which 
there  is  a  tendency  to  recurrence  or  to  frequent  exacerbations,  the 
layer  of  smooth  muscle-fibers  lying  in  the  submucosa  is  more  or  less 
changed  and  the  muscularis  itself  becomes  infiltrated.  The  white 
blood-corpuscles  which  have  wandered  out  settle  around  the  smooth 
muscle,  and  if  this  condition  lasts  for  some  time,  atrophy  of  the 
muscularis  necessarily  results.  It  may  even  give  rise  to  bronchi- 
ectasis. 

Finally  even  the  cartilages  no  longer  offer  resistance ;  they  are  also 
attacked,  and  an  early  ossification  follows.  In  older  people  there 
already  exists  a  tendency  to  calcification^  and  when  this  is  united 
mth  the  ossification,  the  bronchi  may  ultimately  be  converted  into 
perfectly  rigid  tubes. 

In  most  cases,  then,  chronic  catarrh  is  an  atrophic  catarrh ;  there 
is,  however,  also  a  chronic  hypertrophic  catarrh.  The  mucous  mem- 
brane does  not  lose  its  A^elvety  appearance,  which  it  had  in  the  acute 
inflammatory  condition,  but  rather  shows  larger  elevations,  while  the 
vascular  growths  increase  and  bring  about  a  marked  constriction  of 
■the  lumen  of  the  smaller  bronchi.  Some  authors  have  even  spoken 
of  an  obliterating  bronchitis.  But  such  cases  must  be  quite  isolated 
and  rare. 

A  natural  limit  is  set  to  the  deeper  penetration  of  the  inflamma- 
tory changes  by  the  thick  layer  of  elastic  fibers  which  is  situated  under 
the  submucosa.  These,  however,  naturally  become  thinner  and 
thinner  the  further  they  are  from  the  main  trunk,  hence  the  catarrhal 
inflammatory  changes  traverse  the  walls  much  more  quickly  in  the 
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smaller  bronchi  than  in  the  larger  ones.  But  if  the  whole  wall  is 
attacked,  it  becomes  infiltrated  with  an  inflammatory  exudate,  and 
the  peribronchial  connective  tissue  becomes  thickened.  In  the 
secondary  and  tertiary  bronchi,  therefore,  chronic  catarrh  quite 
usually  leads  to  peribronchitis,  while  this  phenomenon  is  rare  in  the 
larger  bronchi.     Peritrachitis,  however,  is  not  an  unheard-of  event. 

Rindfleisch  in  his  time  described  quite  minutely  how  a  true 
ulceration  of  the  mucous  membrane  may  be  added  to  the  catarrh. 
This  ulcerative  process  develops  from  the  mucous  glands.  On  pres- 
sure there  exude  from  their  orifices  small  amounts  of  tenacious 
mucus  which  appear  like  gray  translucent  pearls.  If — so  this  author 
says — there  appears  in  these  masses  a  narrow  yellowish-white  seam, 
it  is  a  sign  that  the  ulcerative  process  is  beginning ;  for  this  is  the  pus 
furnished  by  the  subepithelial  connective  tissue  of  the  affected  gland 
ducts.  Gradually  a  flat  ulcer  develops  from  the  mouth  of  the  gland 
duct;  extension  to  the  gland  itself  soon  follows,  and  the  destructive 
process  then  attacks  the  submucous  connective  tissue  and  may  even 
reach  the  perichondrium. 

It  is  undoubtedly  possible  that  in  a  simple  catarrh  such  complica- 
tions may  occur,  but  they  do  not  belong  to  the  disease  at  present 
under  discussion ;  they  represent  merely  complications,  and  we  should 
think,  in  the  first  place,  of  a  tuberculous  or  syphilitic  infection.  It 
is  certain  that  many  kinds  of  microbes  may  cause  the  destructive 
process,  but  these  forms  also  represent  complications  which  need 
closer  investigation  and  which  do  not  belong  to  the  simple  catarrhal 
types.  True  catarrh  never  leads  to  such  destruction;  this  I  must 
insist  upon  as  a  fundamental  characteristic. 

On  the  other  hand,  simple  catarrh  leads  to  a  certain  swelling  of 
the  follicular  apparatus;  to  a  genuine  adenitis  without  any  tendency 
to  pus  formation;  to  inflammation  of  the  lung  tissue,  so-called  catar- 
rhal pneumonia;  to  bronchiectasis;  to  emphysema  of  the  lungs ;  to 
disturbances  in  the  pulmonary  circulation ;  and,  finally,  to  fatty  heart 
and  dilatation  with  all  its  consequences,  which  are  explained  on  the 
basis  of  insufficient  oxygenation  of  the  red  blood-cells. 

[Atheroma  is  frequently  observed  in  the  middle-sized  pulmonary 
arteries  in  the  subjects  of  chronic  bronchitis.  A  separate  form  is 
characterized,  according  to  Virchow,  b}^  a  peribronchitis  fibrosa 
chronica,  the  fibrosis  in  some  cases  extending  along  the  lymphatics 
to  the  entire  interlobular  stroma.  Instead  of  emphysema,  the  lung 
then  presents  diffuse  condensing  fibrotic  changes. — Ed.] 


GENERAL  SYMPTOMATOLOGY  OF  THE  VARIOUS  FORMS 

OF  BRONCHITIS, 

On  inspection,  we  see  the  respiration  changed  only  in  severe  cases 
of  bronchitis  in  children  and  old  people,  while  the  strong  man  in 
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middle  life  shows  no  disturbances  of  the  respiratory  rate;  such  diffi- 
culties at  this  age  indicate  a  further  complication.  In  children,  how- 
ever, the  obstruction  soon  becomes  so  great  that,  with  an}'  extension 
of  the  catarrh,  dyspnea  develops;  at  times,  when  the  catarrh  has 
attacked  the  smaller  bronchi,  the  dyspnea  is  such  a  prominent 
symptom  that  one  is  inclined  to  diagnose  the  case  as  pneumonia. 
It  may  be  added  that  febrile  movements,  which  are  most  marked  and 
earliest  in  children,  always  cause  an  increase  of  the  respiratory  rate.* 
With  these,  we  see  also,  especially  in  capillary  bronchitis,  that  in- 
spiratory retraction  of  the  lower  ribs  and  of  the  epigastrium  which  is 
so  much  more  pronounced  in  acute  constrictions  of  the  larynx:  the 
lungs  are  unable  completely  to  follow  the  lowered  diaphragm  and  the 
ribs  are  drawn  in  to  fill  out  the  space  in  which  negative  pressure 
exists. 

After  different  predecessors,  among  whom  Biermer  and  Gerhardt 
are  the  most  distinguished,  Riegel  f  subjected  the  dyspnea  to  a  very 
careful  study.  He  distinguishes  an  expiratory,  an  insjnratory,  and 
a  mixed  form.  The  latter  consists  of  a  simple  increase  in  the  rate 
of  respiration,  in  which  inspiration  and  expiration  are  equally  affected ; 
it  is  always  found  in  simple  acute  bronchitis.  Only  in  exceptional 
cases  do  we  find  any  other  type  of  breathing  in  this  disease.  The 
expiratory  dyspnea  occm-s  in  extensive  chronic  bronchitis  with  a 
small  amount  of  viscous  secretion.  On  theoretic  grounds  we  should 
expect  a  general  slo"\Adng  of  the  respiration  with  expiratory  dyspnea, 
but  the  authors  have  not  observed  this ;  they  have  observed  either 
mixed  dyspnea  (simple  hastening  of  the  respiratory  movements), 
or  expiratory  dyspnea,  sometimes  with  and  sometimes  without 
increase  in  the  rate.  The  latter  belongs,  according  to  Riegel,  to 
the  more  severe  and  protracted  forms. 

Lebert  speaks  only  of  the  increase  in  the  respiratory  rate.  See 
sa3's  that  two  distinct  causes  occasion  the  dyspnea — the  intensity  of 
the  catarrh  and  the  height  of  the  fever.  The  second  governs  the 
disturbances  to  the  extent  that,  when  the  fever  is  lacking,  there  is 
very  little  disturbance  of  respiration,  even  in  cases  of  very  mde- 
spread  bronchitis.  When  dyspnea  occurs,  as  in  children,  nervous  incU- 
viduals,  young  girls,  and  old  men,  it  is  chiefl}^  of  the  expiratory  type. 

In  many  cases  the  expansion  of  the  thorax  is  greatly  altered; 
while  certain  portions  can  expand  only  a  little  on  account  of  the 
obstruction  of  the  bronchi,  others  expand  all  the  more,  and  it  is, 
accordingly,  stated  by  Riegel  that  in  men  with  chronic  catarrh  of  the 
lower  lobes  a  truly  feminine  type  of  respiration  develops. 

Finally,  there  are  cases  mth  distinct  irregularity  of  respiration. 
This  form  of  dyspnea,  however,  is  to  be  ascribed  not  to  simple  catarrh, 
but  to  a  certain  nervous  disposition.  It  is  often  observed  in  hysteric 
and  neurasthenic  patients,  especially  when  they  are  thinking  of  their 

*  Ackermann,  Deutsches  Archiv  fur  klin.  Medicin,  vol.  ii,  p.  361. 
t  Deutsches  Archiv  fiir  klin.  Medicin,  x. 
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breathing.  The  cases  that  sometimes  occur  in  children  in  severe 
stages  of  bronchopneumonia  do  not  belong  under  this  heading. 

In  estimating  the  frequency  of  respiration,  it  is  necessary  to 
remember  that  the  healthy  adult  man  makes  14  to  16,  and  the  woman 
20,  respiratory  movements  per  minute.  In  children  the  number  is 
always  higher;  for  instance,  in  the  new-born  30  to  50,  during  the 
first  years  of  life  25  to  35.     In  sleep  the  number  is  always  reduced. 

The  percussion  note  is  not  changed;  but  in  catarrhs  which  have 
lasted  for  some  time  the  borders  of  the  lungs  which  cover  the  heart 
and  fill  the  complementary  spaces  are  distended,  so  that  the  resonant 
area  obtained  may  be  very  similar  to  that  observed  in  acute  emphy- 
sema.    This  condition  is  often  called  acute  emphysema. 

On  auscultation,  a  great  variety  of  rales  may  be  heard.  Although 
it  must  be  admitted  that  there  are  cases  in  which  rales  are  entirely 
lacking,  this  absence  is  only  transitory.  In  other  words,  by  coughing 
and  breathing  the  rales  may  be  made  to  disappear,  but  only  to  return 
after  a  short  time.  Even  so-called  dry  bronchitis  is  always  accom- 
panied by  rales.  The  rales  of  bronchitis  are  recognized  by  the  fact 
that  they  have  neither  a  crepitant  nor  a  ringing  character  [non- 
consonating].  It  is  a  matter  of  practice ;  they  can  be  learned,  but  they 
cannot  be  described.  Some  of  the  rales  are  caused  by  the  mucus 
which  is  in  the  air-passages;  it  is  driven  hither  and  thither  by  the 
air-current,  and  the  air  is  driven  through  it  in  larger  and  smaller 
bubbles.  The  bubbles  reach  a  variable  size,  depending  on  the  diam- 
eters of  the  tubes.  And  so  we  distinguish  large,  medium,  and  small 
bubbling  rales.  It  is  also  clear  that  in  the  smallest  branches  the 
bubbles  become  proportionately  less ;  hence  the  cha  racter  of  the  rales 
permits  us  to  form  an  opinion  as  to  the  kind  of  bronchi  in  which  they 
originated.  These  rales  are  called  moist  rales.  Small  moist  rales 
are  sometimes  included  amongst  crepitant  rales,  but  this  classification 
is  incorrect,  since  crepitant  rales  are  not  produced  in  the  bronchi  at 
all.  I  cannot  doubt  that  they  have  their  seat  in  the  infundibula. 
The  most  inexperienced  clinician  can  distinguish  them  from  moist 
rales,  even  from  the  smallest  ones,  by  the  fact  that  they  are  purely 
inspiratory.  (Exception,  Penzoldt,  ''Deutsche  med.  Wochenschr.," 
1877.) 

The  view  that  rales  indicate  the  presence  of  fluid  in  the  bronchi, 
through  which  the  air  is  forced  in  bubbles,  has  been  attacked  by 
Traube.  He  explains  the  occurrence  of  rales  by  the  theory  that  the 
viscous  bronchial  contents  are  torn  loose  as  a  whole  from  the  bronchial 
wall  during  both  inspiration  and  expiration,  and  that  the  air  rushes 
in  to  occupy  the  spaces  made  vacant  by  that  process.  Traube 's 
reasons  for  this  view  are  based  on  our  knowledge  of  crepitant  rales. 
Wintrich  has  already  shown  that  true  crepitation,  as  clescribed  by 
Laennec,  is  produced  by  the  infiltration  of  sound  lungs,  and  Traube 
calls  attention  to  the  fact  that  in  the  parenchyma  of  every  normal 
lung,  even  in  that  of  an  animal  that  has  just  died,  the  most  perfect 
crepitation  can  be  produced  by  careful,  rhythmic  pressure  with  the 
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stethoscope  placed  against  the  pleura.  I  must,  however,  protest 
vigorously  against  conf using  small  bubbling  (moist)  ralos  with  crepi- 
tant rales.  The  fine  bubbling  (vesicular)  ral(;s  of  our  authors  are  often 
the  same  as  crepitant  rales;  but  some  use  the  term  fine  bubbling 
(vesicular)  rales  in  the  sense  of  small  bubbling  (moist)  rales.*  It  is 
therefore  better  not  to  use  the  term  "fine  bubbling  rales."  There  is 
such  a  thing  as  a  small  bubbling  rale;  it  belongs  to  the  same  class 
as  medium-sized  bubbling  rales,  is  a  sign  of  mucus,  fluid,  and  air  in 
the  bronchi,  and  is  therefore  a  symptom  of  bronchitis.  There  is  also 
such  a  thing  as  a  crepitant  rale  or  crepitation.  It  is  a  distinctly  in- 
spiratory phenomenon ;  it  is  the  sound  which,  as  Wintrich  has  shown, 
is  present  in  the  healthy  lung,  and  which,  as  Traube  correctly  stated, 
is  heard  so  well  when  there  is  a  small  residue  of  pleuritic  exudate. 
It  is  caused  by  the  entrance  of  air  into  collapsed  infundibula  and 
alveoli,  and  is  strongest  and  most  lasting  when  some  secretion  glues 
the  walls  of  the  alveoli  together  after  each  expiration;  otherwise  it 
is  heard  only  when  the  first  deep  breath  is  drawn,  and  then  disappears. 
It  is  not  a  sign  of  bronchitis,  although  it  occurs  in  bronchitis ;  and  it 
is  not  a  moist  rale,  but  quite  a  peculiar  sound.  Hence  the  term 
"crepitation  "  or  "crepitant  rale"  is  to  be  preferred,  as  it  does  not 
lead  to  misunderstanding. 

Excellent  as  this  sharp  differentiation  may  be  in  theory,  it  must 
be  confessed  that  in  practice  there  are  cases  in  which  crepitation  and 
small  bubbhng  rales  merge  into  one  another  so  imperceptibly  that  to 
insist  on  one  or  the  other  expression  for  the  single  sound  that  is 
heard  is  purely  arbitrary.  Since  it  is  impossible  to  draw  the  line 
accurately  between  alveoli  and  bronchi,  it  is  not  to  be  wondered 
that  crepitation  is  occasionally  heard  in  bronchitis. 

In  contrast  to  the  moist  we  have  dry  rales,  which  are  quite  as 
characteristic  of  bronchitis  as  are  the  former.  Their  production 
depends  not  on  the  presence  of  fluid,  but  on  vibration  of  the  bronchial 
walls.  The  sound  is  due  chiefly  to  the  irregular  swelling  of  the  mucous 
membrane,  so  that  the  entire  wall  of  the  bronchus  is  thrown  into 
vibration  by  the  current  of  air  as  it  forces  its  way  through  the  narrow 
places.  Thus  are  produced  the  sonorous  and  sibilant  ("whistling  " 
and  "purring  ")  rales.  When  they  reach  a  certain  intensity,  these 
dry  rales  are  felt  by  the  palpating  hand,  and  give  the  sensation  of  a 
cat's  purring  (fremissement,  fremitus,  or  thrill). 

The  sonorous  rale  (ronchus  sonorus)  is  produced  in  the  larger 
bronchi;  the  sibilant  rale  {ronchus  sihilans)  in  the  smaller.  When 
the  whistling  element  is  less  clear,  the  term  sibilant  rale  in  its  strict 
sense  is  no  longer  appropriate,  and  if  we  wish  to  burden  the  termin- 
ology still  further,  we  may  use  the  term  "sighing  respiration  "  (Gie- 
men). 

Changes  in  the  Respiratory  Murmur. — There  is  a  change  in  the 
respiratory  murmur  itself,  in  so  far  that  it  may  assume  a  very  rough 
and  sharp  character,  and  with  it  is  connected  a  lengthening  of  the 

*  As,  for  instance,  Riegel,  in  Ziemssen's  "  Handbuch,"  vol.  iv,  H.  21,  p.  114. 


112  THE  BRONCHI. 

expiratory  murmur.  This  lengthening  shows  that  the  air  meets  with 
hindrances  to  its  exit  in  the  air-passages ;  it  is  therefore  a  very  fre- 
quent phenomenon,  which  occurs  in  all  infiltrations,  in  the  presence 
of  growths,  and  in  all  processes  that  cause  compression.  The  greatest 
caution  is  necessary  in  drawing  conclusions  from  a  symptom  that  may 
mean  so  many  different  things. 

As  there  is  an  accentuation,  so  there  may  also  be  a  weakening  of 
the  respiratory  murmur.  This  is  due  to  the  superficial  character  of 
the  breathing,  especially  in  those  cases  in  which  it  is  attended  by  pain. 
But  mucous  obstructions  and,  in  general,  any  kind  of  narrowing  and 
obstruction  in  a  bronchus  may  also  cause  weakening  of  the  respiratory 
sounds  in  the  region  supplied  by  that  bronchus.  If  such  a  hindrance 
is  removed  by  a  violent  fit  of  coughing,  loud  or  even  accentuated 
breathing  is  heard  for  a  time  where  before  nothing  at  all  was  aucUble. 

Cough  is  a  convulsive  expiration  accompanied  by  a  loud  sound. 
This  sound  is  occasioned  by  contraction  of  the  muscles  that  close  the 
glottis.  In  coughing  a  simultaneous  action  of  the  expiratory  muscles 
and  the  muscles  of  the  glottis  takes  place.  The  object  of  cough 
is  to  expel  from  the  bronchi  any  foreign  bocUes,  including  mucus  and 
pus  when  they  act  as  foreign  bodies.  How  effective  the  cough  is  for 
this  purpose  every  one  can  observe  for  himself. 

Cough  may  be  produced  intentionally,  but  is  usually  a  reflex  act, 
which  originates  from  various  regions  of  the  body,  differing  in  sus- 
ceptibihty  according  to  the  individual's  disposition.  Among  struc- 
tures that  are  without  a  doubt  normally  endowed  with  such  a  sensi- 
tiveness may  be  mentioned  the  larynx,  including  the  upper  portion  of 
the  trachea,  the  mucous  membrane  at  the  point  of  division  of  the 
trachea,  and  the  mucous  membranes  of  all  the  smaller  bronchi.  The 
reflex  is  produced  most  energetically  at  the  point  of  division  of  the 
trachea  and  in  the  subglottidean  and  interarytenoidean  mucous  mem- 
branes. The  nerves  that  carry  the  impulse  centripetally  are  the 
superior  and  inferior  laryngeal  and  the  pulmonary  branches  of  the 
vagus.  In  fact,  after  separation  of  these  nerves  from  the  region 
supplied  by  them,  cough  can  no  longer  be  produced.  In  coughing, 
as  in  all  reflex  acts,  irradiation  plays  an  important  part.  This  fact 
should  never  be  lost  sight  of.  We  find  that  in  especially  predisposed 
individuals  cough  is  occasionally  due  to  irritation  in  portions  of  the 
body  far  removed  from  those  just  mentioned.  In  the  great  majority 
of  these  cases  the  sensitive  region  lies  within  the  realm  of  vagus  in- 
fluence ;  hence  cough  may  arise  from  irritation  of  the  posterior  nares 
of  the  pharynx,*  of  the  external  auditory  meatus,  of  the  whole  tra- 
cheal tract,  of  the  pleurae,  of  the  esophagus,  of  the  stomach,  of  the 
spleen  and  liver,  and,  finally,  of  the  intestine. 

The  question  whether  irritation  of  the  lung  itself  produces  cough 
has  been  much  discussed;  all  authors  are  now  of  the  opinion  that 
cough  is  caused  by  irritation  not  of  the  lungs,  but  of  the  bronchi. 

*  Ruault,  "Toux  Amygdalienne,"  Annales  de  larynqoloqie,  vol.  i,  p.  154, 
1887-1888. 
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There  are  also  communications  on  the  subject  of  coup;h  arising 
from  irritation  of  areas  which  certainly  are  not  under  the  influence 
of  the  vagi;  thus,  we  have  nasal,  dental,  and  uterine  cough.  Kohts 
has  caused  cough  experimentally  in  dogs  by  stimulation  of  the  medulla 
oblongata;  but  cough  in  diseases  of  the  brain  is  at  the  present  time 
not  known  to  us.  In  hysteric  patients  any  peripheral  irritation  may 
cause  cough;  dental  and  uterine  cough  are  hysteric  forms. 

The  manner  in  which  the  cough  really  acts  is  evident.  Its  object 
— to  force  mucus,  etc.,  upward  from  the  bronchi — is  usually  accom- 
plished by  the  ciliated  epithelial  cells;  but  when  these  are  not  suffi- 
ciently active  to  bring  about  the  desired  result,  their  efforts  are  aided 
by  the  act  of  coughing.  The  pressure  in  the  interior  of  the  bronchial 
system  is  greatly  increased ;  this  is  suddenly  followed  by  a  diminution 
of  pressure,  and  the  air  rushes  toward  the  exit.  The  sudden  and 
forcible  rush  of  air  naturally  carries  small  objects  along  with  it. 
There  is  some  danger  of  their  being  drawn  in  again  with  the  inspira- 
tion, as  the  cough  is  followed  by  an  inspiration  of  greater  force  than 
usual ;  but  the  force  of  the  inspiration  always  remains  far  behind  that 
of  the  expiration,  especially  at  times  when,  as  in  cough,  the  closure 
of  the  larynx  has  still  further  increased  the  pressure  in  the  bronchial 
tree. 

That  this  reflex  may  at  times  be  very  distressing  without  ap- 
parently subserving  any  good  purpose  is  well  known.  Cough,  like 
all  reflexes,  is  very  valuable,  but  in  individual  cases  it  may  be  very 
injurious. 

We  usually  distinguish  a  moist  and  a  dry  cough;  we  speak  also 
of  irritative  cough  and  of  convulsive  cough.  Irritative  cough  is 
usually  a  dry  form  in  which  the  irritation  is  of  special  intensity  and 
quite  irresistible;  an  inconsiderable  swelhng  of  a  circumscribed  por- 
tion of  the  body,  or  a  minimal  foreign  body  (for  instance,  bits  of  food), 
may  elicit  an  irritative  cough  if  it  comes  in  contact  with  the  areas 
most  sensitive  to  reflex  stimulation. 

The  cough  is  ushered  in  by  a  peculiar  feeling  of  tickling  in  the 
throat;  if  one  takes  the  trouble,  he  can  often  suppress  the  cough  by 
conquering  this  feeling  of  tickling.  When  the  sensitiveness  of  the 
nerves  is  reduced  to  a  certain  degree,  cough  is  no  longer  produced ; 
somnolent  patients  in  whom  tracheotomy  had  been  performed  ha^'e 
had  the  trachea  sounded,  and  even  the  most  sensitive  places  touched, 
wdthout  being  made  to  cough.  Thus,  in  very  weak  individuals  large 
amounts  of  mucus  may  collect  in  the  bronchial  tree  and  in  the  trachea 
v\ithout  the  slightest  impulse  to  cough  being  excited.  In  this  respect 
also  the  behavior  of  cough  corresponds  with,  that  of  the  other  reflex 
acts. 

Very  violent  coughing  leads  occasionally  to  vomiting.  When  this 
happens  in  adults,  we  must  always  regard  the  matter  as  very  serious; 
a  marked  disturbance  of  nutrition  must  lie  at  the  bottom  of  it;  an 
adult  never  vomits  in  a  simple  bronchitis.  It  is  different  with  chil- 
dren, in  whom  any  severe  attack  of  coughing  has  this  result;  in  the 
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paroxysms  of  whooping-cough  vomiting  is  an  essential  part  of  the 
cUnical  picture. 

Sputum. — Next  to  cough,  expectoration  is  the  most  important 
symptom  of  bronchitis ;  it  is  lacking  only  occasionally  in  rare  cases  of 
dry  chronic  catarrh.  In  small  children,  in  very  old  people,  and  in  very 
debilitated  and  apathetic  individuals  who  generally  swallow  the  spu- 
tum, it  cannot,  of  course,  be  observed.  Yet  with  some  attention  one 
can,  if  he  is  on  hand  at  the  moment  of  the  spell  of  coughing,  get  some 
sputum,  even  from  the  smallest  children.  The  sputum  contains  very 
few  characteristic  elements.  Many  times  the  mistake  has  been  made 
of  regarding  and  describing  as  important  the  normal  secretions  which 
are,  of  course,  mingled  with  the  pathologic  discharge.  (Compare 
page  33.) 

As  a  very  characteristic  element  of  bronchitic  sputum,  I  may 
mention  the  ciliated  cells.  They  are  often  quite  unchanged,  of 
elongated  form,  the  lower  end  showing  long  processes,  while  the  upper 
end  presents  the  characteristic,  sharply  contoured  membrane,  often 
bearing  distinct  cilia.  These  forms  may  be  very  much  changed;  the 
upper  portion  may  degenerate  and  a  portion  of  the  contents  be  ex- 
pelled, giving  the  appearance  of  the  typical  goblet-cell,  which,  how- 
ever, is  rarely  seen. 

Besides  these  forms,  which  are  so  characteristic  and  easily  recog- 
nized, there  are  found  mucus  and  j)us  cells.  They  are  round  and  only 
exceptionally  appear  to  contain  pigment.  I  have  myself  observed 
no  case  in  which  the  presence  of  the  pigment  was  unquestionable. 
In  their  protoplasm  we  see  only  a  certain  granulation,  but  rarely  a 
real  granular  degeneration.  Eosinophile  cells,  which  they  otherwise 
resemble,  but  which  are  recognizable  by  a  very  beautiful  and  char- 
acteristic granulation,  do  not  come  in  question  here,  although  it  is 
possible  that  at  times  one  might  wander  in  by  chance.  [See  Varieties 
of  Bronchitis,  p.  118,  and  article  on  ''Asthma."] 

The  presence  of  all  kinds  of  squamous  cells  from  the  mouth, 
throat,  and  vocal  cords  is,  of  course,  to  be  ascribed  to  lack  of  care  in 
making  the  preparation.  These  cells  cause  no  difficulty  in  making 
the  diagnosis.  Some  ciliated  cells  from  the  nasal  cavity  may  also  be 
present,  but  are  of  no  significance. 

In  the  consideration  of  pathologic  sputum  we  base  our  classifica- 
tion generally  on  the  appearance.  Biermer's  "Arbeit  "  is  still  the 
standard  on  this  subject.*  He  distinguishes:  (1)  tough,  mucous, 
transparent  sputum,  poor  in  cells — mucoid  sputum;  (2)  sputum  con- 
taining many  cells  and  much  mucus — so-called  mucopurulent  sputum ; 
(3)  purulent  sputum.  These  are  the  varieties  observed  in  the  ordinary 
forms  of  bronchitis.  In  certain  cases,  which  are  not  to  be  discussed 
here  under  the  head  of  simple  bronchitis,  we  find  seromucous,  fetid, 
and  fibrinous  sputa. 

Mucoid  sputum  belongs  especially  to  the  initial  stage  of  acute 
bronchitis.  It  is  translucent,  stringy,  and  contains  man}'^  air-bubbles. 
*  Biermer,  "Die  Lehre  vom  Auswurf,"  Wiirzburg,  1855. 
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Microscopically  it  shows:  (1)  A  few  white  and  red  blood-corpuscles. 
(2)  Desquamated  colls  of  bronchial  epithelium,  which  attract  atten- 
tion on  account  of  their  graceful  form  and  the  ciliary  border  which 
is  often  well  preserved  (it  may  even  show  ciliary  movement  in  fresh 
pre])arations).  The  occurrence  of  these  cellular  elements,  which  evi- 
dently indicates  a  decided  pathologic  condition,  has  until  now  been 
dismissed  with  a  few  general  remarks.  There  are  cases  in  which  they 
occur  in  such  large  numbers  that  they  give  to  the  sputum  a  peculiar 
character  (desquamative  broncho-catarrh);  but  in  the  great  majority 
of  cases  they  are  very  few,  and  one  must  search  through  se\eral 
fields  of  the  microscope  in  order  to  find  them.  (3j  Drops  of  myelin 
may  be  mingled  vnih.  the  last-named  variety  of  sputum;  but  they  are 
very  few  and  quite' isolated,  and  do  not  present  the  complicated 
forms  found  in  other  sputa.  This  sputum  is  called  by  older  authors 
sputum  crudum.  It  consists  only  of  the  abundant  secretion  of  the 
mucous  glands  and  the  epithelial  cells  cast  off  from  the  surface. 
According  to  the  abundance  of  the  secretion,  the  sputum  may  be 
very  Adscous  or  more  fluid.  A  scanty  secretion  may  cling  to  the 
mouth  with  such  tenacity  that  it  must  be  wiped  off  ^^•ith  considerable 
force.  When  the  secretion  is  very  abundant,  a  sputum  is  produced 
which  Biermer  has  denominsited' seromucoiis  sputum  The  boundary- 
line  between  mucoid  and  seromucous  sputum  is,  of  course,  extremely 
arbitrary. 

Mucopurulent  sputum  is  distinguished  from  the  preceding  kind 
chiefly  by  the  large  number  of  pus  cells,  which,  as  a  rule,  give  to  the 
discharge  a  more  yellomsh  color;  or  at  least  yellowish  flakes  appear 
in  the  white  masses.  We  can  thus  distinguish  between  the  mucous 
and  purulent  portions  in  the  sputum.  The  microscopic  elements  are 
the  same  as  in  the  foregoing  variety,  except  that  here  the  pus  cells 
are  abundant  and  the  cyfindric  cells  few ;  they  have  often  a  peculiarly 
plump  form  and  the  ciHary  border  is  injured  or  may  be  entirely  lack- 
ing. Besides  this,  cells  conta'ning  fat  droplets  are  more  abundant. 
Mucopurulent  sputum  occurs  in  simple  chronic  bronchitis 

Purulent  sputum:  The  color  is  no-  longer  whitish,  and  there  is  no 
pure  w^hite  portion ;  it  is  yellowish,  even  greenish,  and  may  be  brown- 
ish, and  in  the  air  often  becomes  much  more  pronounced.  Cylindric 
cells  are  rarely  found;  the  morphologic  elements  consist  mainly  of 
pus  cells  which  in  acetic  acid  show  their  lobulated  nuclei  very  dis- 
tinctly ;  there  are  also  some  which  show  single  round  nuclei.  There 
are  many  fat  droplets  in  the  different  cells  and  also  free  in  the  sputum ; 
they  are  mostly  very  minute.  Frequently  they  form  large  clumps, 
and  then  give  the  impression  of  large  cells  that  have  undergone  fatty 
degeneration;  they  keep  well  together,  but  are,  as  a  rule,  so  entirely 
without  any  indication  of  nucleus  or  protoplasm  that  we  cannot  be 
certain  whether  they  should  be  regarded  as  cells,  although  they  may 
have  developed  from  cells.  The  bright,  glistening,  quite  sharply 
contoured,  and  dark  droplets  are  entirely  unaffected  by  alkalies 
and  acids,  and  are  very  characteristic  of  chronic  forms  of  bronchitis. 
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An  attentive  observer  cannot  fail  to  be  impressed  by  the  fact  that 
there  is  a  purulent  catarrh  with  much  fatty  degeneration,  fat  drops, 
and  balls  of  fat  crystals,  and  another  form  of  purulent  catarrh  in 
which  we  have  to  search  long  for  any  pathologic  products.  The 
reason  for  these  differences  is  not  clearly  understood. 

According  to  the  appearance,  Biermer  has  divided  purulent  sputa 
into  three  sub-classes;  this  division  is  entirely  worthless.  One  of 
these  classes  is  made  up  of  the  famous  coin-shaped  sputum,  from  the 
form  of  which  one  can  determine  nothing.  [It  wdll  be  necessary,  for 
practical  purposes  of  treatment  and  prognosis,  to  classify  the  sputum 
in  accordance  with  the  bacteriologic  findings. ^Ed.] 

With  regard  to  the  general  physical  properties  of  sputum,  it 
has  also  been  said  that  the  secretion  which  fills  the  finest  bronchi  is 
not  mixed  with  air,  and  thus,  being  specifically  heavier  than  water, 
sinks  in  it.  If  it  possesses  the  necessary  tenacity  and  cohesiveness, 
it  is  said  to  take  the  form  of  the  smaller  bronchi  and  to  stick  fast  to 
that  part  of  the  sputum  which,  coming  from  the  larger  bronchi,  is 
mixed  with  air  and  therefore  floats  on  the  water.  Accordingly,  when 
the  sputum  is  poured  into  a  vessel  of  water,  it  forms  on  the  surface 
a  mucoid  layer  with  fine  threads  of  hyaline  material  depending  from 
it.  This  description  is  somewhat  arbitrary;  it  has  never  been  proved 
that  these  threads,  which  hang  down  in  the  water,  and  may  be  seen 
in  any  sputum  that  floats  on  the  surface,  originate  from  the  finest 
bronchi;  when  the  differences  of  caliber  and  arrangement  are  con- 
sidered, it  is  not  even  probable.  That  in  a  heterogeneous  mass  like 
sputum  of  this  kind  is,  the  specifically  heavier  portions  should  sink 
to  the  bottom  and  bring  clown  with  them  fine  threads  of  mucus  is 
quite  conceivable.  I  would,  therefore,  reserve  judgment  on  the  above 
description  until  better  reasons  are  brought  forward  in  its  support. 

The  discharge  is,  as  a  rule,  examined  only  by  its  gross  appearance; 
it  is  rarely  brought  to  the  microscope.  The  chemical  examination 
has  no  practical  value,  and  is  used  in  only  a  few  cases.  Recently  a 
chromo-chemical  method  of  investigation  has  been  proposed  which 
puts  us  in  a  position  to  form  more  definite  opinions  than  formerly 
concerning  the  albumin,  mucin,  and  fibrin  contents  of  the  sputa.  A 
piece  from  the  size  of  a  pea  to  that  of  a  bean  is  placed  in  a  test-tube ; 
this  is  filled  half  full  of  a  0.5%  alcoholic  solution  of  sublimate  and 
then  shaken  until  the  clump  of  sputum  is  broken  up  into  the  finest 
fibrils  (about  five  minutes).  After  these  have  settled,  the  alcohol  is 
poured  off  and  the  test-tube  filled  two-thirds  full  of  distilled  water. 
Three  drops  of  the  coloring  mixture,  presently  to  be  described,  are 
then  added  and  the  flakes  carefully  stirred  for  from  three  to  six 
minutes,  after  which  the  solution  is  poured  off.  Albumin,  proto- 
plasm, fibrin,  and  connective  tissue  are  colored  reddish,  and  mucin  a 
greenish  color.  The  coloring  fluid  consists  of  one  part  of  Griibler's 
Biondi  tri-color  mixture  to  thirtj^  parts  of  water.  This  solution  may 
be  kept  about  four  weeks.  The  mixture  must  be  perfectly  neutral. 
The  least  excess  of  stain  changes  the  brownish-red  color  to  a  Bordeaux- 
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red,  Avhile    an  alkali    changes  the    color  to  a  greenish  shade.     (S. 
Schmidt,  followetl  by  Zenoni.*) 

Sputum  has  occasionally  been  examined  chemically.  Bamberger  f 
gives  such  an  analysis  of  the  sputum  in  chronic  bronchitis.  It  con- 
tained of  water,  95.622  parts;  of  organic  substances,  3.705  parts;  and 
of  inorganic  salts,  0.673  parts.  Among  the  latter,  chlorin  and  sodium 
stand  at  the  head,  then  follow  phosphoric  acid  and  potassium,  while 
all  the  others  are  present  in  minimal  amounts.  The  combination 
differs  from  that  of  pus  essentially  in  the  fact  that  the  latter  contains 
decidedly  more  organic  constituents,  while  among  the  inorganic, 
the  phosphoric  acid  approaches  the  chlorin  in  quantity,  if  it  does  not 
exceed  it.  Biermer,  in  "Lehre  vom  Auswurf,"  gives  the  following 
analyses  for  the  sputum  of  bronchial  catarrh: 

Water 97.994  97.798 

Organic  substances 1.369  1.743 

Inorganic  substances 0.635  0.457 

Kossel  X  discusses  the  method  of  determining  the  specific  gravity 
of  sputum,  and  finds  that  it  increases  with  the  pus-contents.  In 
broncliitis  it  varies  between  1014  and  1004. 

Renk  §  gives  two  analyses : 

"Water,  98.3;  solid  constituents,  1.7;  of  which  inorganic  0.53,  and 
organic  1.17;  of  the  latter,  mucin  0.69,  extractives  0.48. 

Water,  97.04;  solid  constituents,  2.96;  of  which  inorganic  0.76,  and 
organic  2.2;  of  the  latter,  mucin  1.72,  extractives  0.48. 

The  sputa  contained  almost  no  albumin  and  as  little  fat.  On 
the  other  hand,  Renk  found  fat  occasionally  in  the  sputum  of 
phthisical  patients,  but  not  in  that  of  bronchitics. 

Fetters  has  presented  a  communication  on  the  sputum  of  broncho- 
blennorrhea. 

Pain  in  the  chest  occurs  in  both  acute  and  chronic  bronchitis,  but 
we  can  consider  as  really  characteristic  only  the  burning  pain  behind 
the  sternum,  which,  with  a  sensation  of  tickling,  introduces  especially 
acute  bronchitis,  but  is  occasionally  increased  in  chronic  bronchitis. 
Pain  in  the  intercostal  muscles,  in  the  epigastrium,  and  along  the  in- 
sertion of  the  diaphragm  is  certainly  connected  with,  and  increased 
by,  the  cough.  But  severe  pain  in  these  parts  ma}^  also  be  pro- 
duced by  respiratory  movements  and  by  pressure.  In  a  number  of 
cases  no  pain  at  all  is  experienced  even  with  the  most  violent  cough. 

Elevation  of  temperature  is  often  present  at  the  beginning  of  an 
acute  bronchitis.  The  temperature  rises  at  once.  Chills,  which  may 
be  repeated  on  the  follo\nng  day,  are  mentioned  among  the  intro- 
ductory symptoms;  but  the  temperature  quickly  goes  back  to  normal, 
even  though  the  bronchitis  is  not  at  all  improved.     In  the  further 

*  Centmlblatt  fur  klin.  Medicin,  1894,  Xr.  12. 
t  Wiirzburger  med.  Zeitschr.,  vol.  ii,  p.  3.36. 
t  Zeitschr.  fiir  klin.  Med.,  vol.  xiii,  1888,  p.  151. 
§  Zeitschrift  fiir  Biologic,  vol.  xi,  p.  103. 
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course  the  fever  may  be  again  aroused,  if  an  extensive  capillary 
bronchitis  leads  to  pneumonia.  In  chronic  bronchitis  there  is  no 
fever. 

Headache  is  occasionally  observed  in  the  beginning  of  the  disease, 
along  with  the  febrile  changes;  and  later,  in  chronic  conditions, 
stases  may  occasion  the  same  symptom. 

Neuralgia  of  the  head  of  peculiar  severity  during  the  initial  period 
has  been  observed  and  described  by  Rilliet  and  Barthez  in  children, 
in  whom  they  have  also  observed  eclamptic  attacks.  In  children  and 
old  people  one  must  be  prepared  even  for  sj^mptoms  of  stupor  in  the 
course  of  severe  attacks  of  capillary  bronchitis.  The  cyanosis  exist- 
ing at  the  same  time  points  to  beginning  carbonic  acid  intoxication. 

Insomnia,  coated  tongue,  loss  of  appetite,  vomiting  (already  men- 
tioned), and  constipation  are  often  to  be  observed. 

Urine, — No  characteristic  changes  of  the  urine  belong  to  the 
picture  of  an  ordinary  bronchitis;  only  when  chronic  forms  lead  to 
symptoms  of  stasis  may  these  appear,  and  we  will  speak  of  them  in 
their  proper  place. 

The  circulatory  apparatus  is  in  most  cases,  in  strong  and  healthy 
people,  intact,  but  there  may  be  some  increase  of  pulse  frequency  to 
correspond  to  the  elevation  of  temperature.  Irregular  heart  action 
occurs  occasionally  in  the  severe  capillary  bronchitis  of  children,  but 
it  is  more  frequent  in  the  chronic  bronchitis  of  old  people,  and  then  is 
certainly  due  more  to  the  existing  alteration  of  the  heart  than  to  the 
bronchitis. 

VARIETIES. 

As  we  do  not  possess  enough  observations  regarding  the  char- 
acteristic course  of  individual  cases  to  describe  the  forms  given  in  the 
classification,  and  as  this  would  lead  to  endless  repetitions,  it  will  be 
better  to  describe  the  different  forms  which  are  firmly  established 
clinically.  We  may  distinguish  the  following:  Acute  bronchitis  of 
the  larger  air-passages  (tracheobronchitis  acuta) ;  capillary  bronchitis 
of  children  and  old  people  (bronchitis  capillaris) ;  chronic  bronchitis: 
(a)  simple,  (6)  dry,  (c)  bronchoblennorrhea,  (d)  serous  bronchorrhea. 

Acute  Bronchitis. — It  begins  usually  with  coryza  and,  in  susceptible 
people,  with  febrile  changes  and  a  chill.  The  chill  may  be  repeated 
and  the  temperature  in  children  may  even  exceed  39°  C.  (102.2°  F.). 
Pain  in  the  head,  hoarseness,  a  sensation  of  weakness,  and  loss  of 
appetite  may  be  added.  The  fever  is  not  characteristic;  there  is  no 
elevation  of  temperature  in  the  morning. 

The  cough  begins  immediately;  on  the  first  day  it  is  still  dry, 
sounds  exceedingh^  hollow  and  rough,  and  is  not  influenced  by  the 
position  of  the  body.  There  may  be  a  tendency  to  peculiar  convul- 
sive paroxysms  of  coughing,  when  the  irritation  is  very  great;  these 
attacks  attain  great  severity  only  in  persons  who  do  not  take  care  of 
themselves  at  all  and  have  no  self-control,  especially  children,  hysteric 
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girls,  and  masturbating  boys.  The  cough  is  accompanied  by  a  rough 
and  painful  sensation  behind  the  sternum;  the  point  of  bifurcation  of 
the  trachea  is  especially  affected.  On  auscultation,  we  hear  a  few 
sonorous  rales,  especially  between  and  below  the  shoulder-blades. 
If  the  cough  is  very  violent,  there  is  severe  pain  in  the  different 
portions  of  the  thorax.  This  is  caused  by  the  straining  of  the  ex- 
piratory muscles  at  their  points  of  attachment  to  the  thorax,  not  only 
the  recti  and  oblicjui,  l)ut  also  the  pectorals,  the  scaleni,  and  the  inter- 
costal muscles.  The  most  sensitive  places  correspond,  usually,  to 
the  attachments  of  the  first-named  muscles  That  the  trachea  is 
especially  sensitive  to  pressure,  or  even  that  cough  may  be  easily 
excited  by  such  pressure,  I  cannot  assert.  The  discharge  is  purely 
mucous,  scanty,  and  very  tough;  it  is  the  sjputum  crudum  of  the  older 
authors.  In  children  these  attacks  of  coughing  ma}'  be  accompanied 
by  A'omiting. 

This  frequentl}'  unpleasant  and  sometimes  extremely  distressing 
condition  rarely  lasts  longer  than  two  days;  the  condition  becomes 
less  distiu-bed,  the  dryness  and  roughness  of  the  throat  are  alleviated, 
the  discharge  becomes  more  plentiful,  large  numbers  of  pus  cells 
appear  in  it,  and  it  takes  on  a  more  yellowish  color  (sputum  coctum). 
In  tills  sputum  no  desquamated  alveolar  cells  are  found,  unless  they 
were  already  present  normally.  This  acute  form  of  bronchitis  is  very 
quickly  cured,  but  in  a  certain  number  of  cases  the  catarrh  drags  on, 
and  it  may  be  so  protracted  that  it  quite  loses  its  acute  character  and 
presents  the  picture  of  chronic  bronchitis.  Only  in  children  and  old 
people  can  the  course  be  imfavorable,  since  in  them  a  capillary  bron- 
chitis develops.  [We  agree  wdth  Forcheimer  regarding  the  clinical 
course  of  streptococcal  bronchitis:  longer  duration,  greater  fever, 
greater  prostration,  "\iscid  expectoration  and  localization  of  rales  and 
presumably  of  lesion.  Any  case  in  which  streptococci  are  found  va\]i 
sputum  will  be  prolonged,  and  in  the  old  may  prove  fatal.  Such 
prognosis,  based  on  sputimi  examination,  can  be  made  before  general 
symptoms  would  warrant.  This  has  been  our  custom  with  great 
success. — Ed.] 

Not  rarely  the  cough  shows  certain  regular  peculiarities,  which 
are  difficult  to  understand;  for  instance,  it  begins  at  eight  o'clock, 
when  the  patient  first  goes  to  bed,  tortures  him  unceasingly,  and 
disappears  as  by  a  stroke  of  magic  at  two  o  'clock,  allowing  him  quiet 
sleep  for  the  rest  of  the  night. 

Capillary  bronchitis  is  not  separated  from  the  simple  acute  tracheo- 
bronchitis by  any  sharp  boundar3'-line.  It  is  not  known  how  far  the 
latter  extends  and  what  hinders  it  in  man}"  cases  from  becoming 
capillary;  that  is.  from  descending  into  the  last  divisions  of  the  bronchi 
before  the  infundibula  I  believe  that  every  extensive  bronchitis 
becomes  capillary;  but  in  vigorous  individuals,  especially  in  adults, 
this  causes  no  special  symptoms,  because  the  size  of  the  respiratory 
surface  is  so  great  that  a  dangerous  limitation  of  it  can  always  be 
prevented  by  simple  expiratory  movements  and  by  coughing. 
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In  a  certain  number  of  individuals,  however,  this  is  no  longer 
the  case;  decided  disturbances  of  the  gaseous  exchange  occur,  and 
we  speak  of  a  capillary  bronchitis,  just  as  if  it  were  a  new  disease. 
In  truth,  next  to  nothing  has  been  proved  concerning  it. 

We  distinguish  a  bronchitis  by  continuity;  that  is,  one  in  wliich 
the  process  begins  in  the  larger  bronchi  and  extends  downward,  and 
a  primary  capillary  broncliitis,  or  one  in  which  the  pathologic  process 
immediately  attacks  the  small  bronclii.  As  examples  of  the  first 
kind  we  have  the  cases  which  begin  with  coryza  and  hoarseness; 
hence  many  cases  of  bronchitis  from  cold  and  the  bronchitis  of  measles. 
For  the  second  kind,  we  have  as  an  example  the  bronchitis  of  typhoid 
fever. 

Capillary  Bronchitis  of  Children. — Up  to  about  the  tliird  year, 
broncliitis  assumes  special  importance  on  account  of  the  fact  that  it 
causes  considerable  danger  to  life.  As  soon  as  the  disease  reaches  a 
certain  extent,  a  decided  change  of  respiration  may  be  noted;  the 
rate  is  increased  even  to  60  respirations  per  minute ;  the  single  respira- 
tory movements  are  peculiarly  short  and  hurried,  the  alse  nasi  are 
distended,  and  the  lower  part  of  the  sternum  is  drawn  in,  as  in  stenosis 
of  the  larynx.  Gradually  the  lips  and  face  become  cyanotic;  con- 
tinual attacks  of  coughing  shake  the  little  patient,  but  bring  no 
relief.  In  great  distress,  he  sits  upright  in  bed,  stares  straight  ahead 
with  an  anxious  expression  of  countenance,  he  often  draws  his  knees 
up  to  his  chest,  as  if  to  support  it,  then  lies  down  for  a  moment, 
then  sits  up  again,  then  gets  into  his  mother's  arms,  then  back 
into  bed.  But  gradually  the  apathy  becomes  greater,  and  a  som- 
nolent condition  develops.  For  some  time,  when  aroused  from  this 
condition  by  cold  sponging,  by  cold  affusions,  or  by  the  voice,  he 
immediately  falls  back  into  the  stupor,  until  finally  the  symptoms  of 
edema  of  the  lungs  terminate  the  scene. 

The  breathing  of  these  patients  has  been  found  very  different; 
it  is  certain  that  there  is  a  difficulty  of  inspiration  and  expiration, 
so  that  the  inspiratory  as  well  as  the  expiratory  auxiliary  muscles  are 
called  into  action ;  in  this  the  relations  of  the  two  to  each  other  are 
not  changed  essentially.  Biermer  mentions  that  a  type  of  breathing 
has  also  been  observed  in  which  expiratory  dyspnea  predominates, 
as  in  asthma.  Concerning  this  I  can  only  say  that  mth  great  exten- 
sion of  the  catarrh,  the  expiration  has  often  seemed  to  me  much  pro- 
longed. But  such  patients  generalh',  as  long  as  they  are  awake, 
breathe  very  irregularly ;  one  must  observe  them  in  sleep,  and  in  this 
condition  I  have  not  been  able  to  demonstrate  any  marked  slowing. 

The  dyspnea  is  not  uniform  or  progressive,  but  is  extremely 
variable ;  there  are  hours  when  it  is  quite  endurable,  and  again  hours 
when  it  reaches  an  alarming  height.  With  the  increasing  restlessness 
the  dyspnea  also  increases,  and  wdth  the  beginning  of  exhaustion  it 
may  diminish  and  sleep  may  ensue,  refreshing  the  patient  and  intro- 
ducing a  turn  for  the  better.  Often,  however,  this  improvement  is 
only  temporar}'  and  deceptive. 
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On  inspection,  attention  is  always  attracted  to  the  epigastrium. 
In  quiet  breathing,  and,  generally,  when  the  air  can  enter  the  alveoli 
of  the  lung  without  difficulty,  the  epigastrium  is  arched  during  in- 
spiration and  depressed  during  expiration. 

If  the  air  cannot  enter  quickly  enough  and  in  sufficient  quantity, 
the  lungs  are  unable  to  expand  and  fill  out  the  vacuum  as  fast  as  it 
is  produced  by  the  contraction  of  the  diaphragm,  and,  as  the  latter 
cannot  descend,  the  adjoining  structures  are  drawn  inward.  In 
children  these  consist  of  the  very  elastic  portions  of  the  thorax,  the 
lower  end  of  the  sternum,  and  contiguous  portions  of  the  ribs;  hence 
retraction  of  these  parts  during  inspiration  is  a  sign  that  the  quantity 
of  air  entering  the  bronchial  tree  is  insufficient.  It  is  a  familiar 
symptom  in  diseases  of  the  throat,  and  especially  in  stenosis  of  the 
larynx  and  trachea.  The  degree  of  retraction  bears  a  certain  relation 
to  the  size  of  the  obstruction.  If,  in  capillary  bronchitis,  the  epi- 
gastrium is  arched  in  the  normal  manner,  respiration  is  sufficient; 
but  the  stronger  the  inspiratory  retraction,  the  more  wide-spread  is 
the  catarrh  and  the  more  extensive  is  the  obstructed  portion  of  the 
bronchial  system. 

Attention  should  also  be  called  to  the  distention  of  the  lungs, 
in  the  upper  portions  of  the  thorax.  The  supraclavicular  and  infra- 
clavicular regions  bulge  and  the  respiratory  movements  become  more 
and  more  indistinct  until  finally  there  seems  to  be  no  movement  at 
all.  The  lung  is  forced  to  expand  by  the  suction  exerted  during 
inspiration;  and  during  the  subsequent  violent  attempts  at  expira- 
tion, which  accompany  the  paroxysms  of  coughing,  the  cUstention  of 
the  lungs  becomes  excessive.  The  air  is  drawn  into  the  alveoli,  but 
its  escape  is  greatly  impeded  or  prevented.  It  is  easy  to  understand 
how  during  inspiration  any  obstruction  in  the  bronchi  may  be  over- 
come by  the  force  of  the  inspiratory  current,  and  that  the  air  readily 
passes  through  collections  of  mucus,  since  the  inspiratory  movements 
do  not  tend  to  compress  any  portion  of  the  bronchi,  but,  on  the 
contrary,  are  accompanied  by  a  distinct  dilatation  of  these  tubes. 
During  expiration,  on  the  other  hand,  the  conditions  are  all  much  less 
favorable.  It  is  true  that  if  the  alveoli  empty  themselves  by  their 
own  elasticity,  and  the  thoracic  wall  and  diaphragm  simply  follow 
on  passively,  expiration  is  effected  without  any  difficulty  whatever. 
But  if  the  thoracic  wall  and  diaphragm  attempt  to  empt}^  the  alveoli 
by  active  compression,  it  becomes  at  once  apparent  that  they  are 
not  adapted  for  that  purpose;  for  the  pressure  they  exert  on  the 
alveoli  must  be  very  uneven — it  affects  not  only  the  alveoli,  but  also 
the  bronchi,  which  may  be  compressed  here  and  there,  and  thus 
oppose  the  empt}'ing  of  the  alveoli.  Such  an  expiration  does  not 
take  place  without  stoppages  and  stases,  which  supply  the  condi- 
tions necessary  for  the  development  of  distention  of  the  lungs.  There 
is  no  doubt  that  in  severe  cases,  especially  in  children,  this  may  lead 
to  genuine  emphysema. 

The  percussion  note   in  children  thus    affected   rarely  presents 
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very  distinct  changes;  to  prove  dulness  is  very  difficult  and  uncertain. 
Many  authors  emphasize  a  dulness  in  the  lower  portions,  which  ap- 
pears at  times  and  again  disappears.  This  may  be  explained  by  the 
atelectasis,  which  generally  occurs  in  the  course  of  the  disease  and 
is  not  always  a  mere  temporary  condition,  but  may  at  times  mark 
the  transition  from  capillary  bronchitis  to  pneumonia.  It  is  an  un- 
doubted fact  that  small  atelectatic  areas  are  quite  usually  formed, 
but  their  demonstration  by  percussion  and  auscultation  is  much  too 
difficult  for  practical  purposes  at  the  present  time.  Only  when  the 
areas  involve  the  greater  part  of  the  lung  is  their  demonstration 
possible  through  the  slight  dulness  and  weakened  breathing  over  such 
areas. 

Febrile  changes  are  quite  usually  present  in  the  capillary  bron- 
chitis of  children,  the  temperature  often  reaching  39°  C.  (102.2°  F.) 
and  over.  Unfortunately  the  fever  of  capillary  bronchitis  is  quite 
irregular  and  is  often  entirely  absent;  it  does  not  present  a  regu- 
lar course,  or,  rather,  in  spite  of  the  numerous  observations,  it  is 
not  yet  clearly  understood. 

The  jiulse  is  much  increased  in  rate,  is  rarely  less  than  120,  and 
may  reach  160;  in  that  case  it  is  very  small,  difficult  to  count  and 
feel,  and  often  dicrotic. 

A  more  marked  cyanosis  of  the  face  develops  in  the  higher  grades 
of  the  disease,  and  one  can  then  gather  from  the  face  of  the  little 
patient  the  severity  of  the  attack.  The  other  portions  of  the  body, 
especially  the  extremities,  and  the  regions  of  the  knees  and  elbows, 
are  blue  and  cold. 

A  stage  of  great  restlessness  is  followed  by  apathy  and  finally 
somnolence.  Toward  the  end,  convulsions  are  often  observed.  The 
most  unfavorable  cases  usually  terminate  within  the  first  fourteen 
days  of  the  disease.  But  often  there  is  a  turn  for  the  better,  the 
breathing  becomes  freer,  the  pulse  fuller,  the  signs  of  stasis  disappear, 
the  sputum  is  expelled  more  easily,  and  the  rales  diminish,  the  many 
small  moist  rales  disappearing.  But  even  in  this  stage  an  exacerba- 
tion of  the  catarrh  or  the  formation  of  a  pneumonic  area  may  bring 
about  an  unfavorable  termination. 

[As  the  editor  has  previously  expressed  himself,*  so-called  cap- 
illary bronchitis  is  always  infectious,  and  is  in  reality  a  broncho- 
or  catarrhal  pneumonia.  This  aspect  will  be  discussed  in  the  section 
on  catarrhal  pneumonia. — Ed.] 

Capillary  Bronchitis  of  the  Old. — Bronchitis  from  cold,  which 
occurs  in  old  people,  is  one  of  their  most  frequent  affections,  and 
shows  a  very  great  tendency  to  extend  to  the  tertiary  bronchi.  The 
disease  gradually  causes  symptoms  of  exhaustion,  which  may  rapidly 
increase  and  threaten  life.  Every  attack  of  bronchitis  in  an  old 
person  is  a  direct  menace  to  life.  The  character  of  the  symptoms  is 
not  peculiar;  especially  can  we  say  that  in  most  cases  the  fever  does 
not  appear  at  all  and  that  an  afebrile  condition  is  neither  diagnostic- 

*  "  Medical  Diagnosis,"  4th  edition,  1900. 
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ally  nor  prognostically  of  importance,  and  certainly  not  reassuring. 
The  patients  easily  become  somnolent.  Although  expectoration  pro- 
gresses quite  fa\'orabl>'  antl  the  pulse  is  not  weak,  yet  the  patients 
continue  in  a  half  sleeping  condition.  From  this  condition  they  can 
be  easily  aroused,  but  if  let  alone,  they  fall  back  into  it.  The  respira- 
tion is  quickenetl,  but  not  extremely  so  and  not  as  in  chihh'cn.  The 
inspiratory  retraction  of  the  epigastrium  is  not  seen.  At  night  there 
is  often  great  restlessness;  the  patients  sleep  badly  or  not  at  all  and 
in  the  morning  feel  extremel}^  tired  and  wretched.  At  the  same  time 
they  lose  their  appetite;  the  choicest  foods  are  enjoyed  in  only  the 
very  smallest  portions,  and  finalh^  are  utterly  refused.  On  the  other 
hand,  the  thirst  is  usually  excessive,  and  the  large  amount  of  fluid 
taken  then  leads  to  a  burdensome  pollakiuria  and  polyuria,  and  the 
patients  soil  themselves,  as  small  amounts  of  urine  are  often  passed 
without  their  knowledge. 

In  those  cases  which  last  more  than  four  weeks  we  cannot  really 
speak  of  an  acute  bronchitis.  Transition  from  the  acute  to  the 
chronic  form  is  quite  frequent  in  old  men  The  more  violent  symp- 
toms, especiall}'  of  cough,  gradualh'  diminish,  but  the  patient  does  not 
recover;  expectoration  continues  to  disturb  his  rest  at  night  and  the 
anorexia  aids  the  increasing  failure  of  strength.  Marfan  says  that 
the  chronic  bronchitis  of  the  old  is  almost  always  of  cardiac  or  albu- 
minuric origin.  [In  our  experience  it  is  a  streptococcus  infection  most 
frequently. — Ed.]  Such  an  assertion  should,  however,  be  accepted 
with  great  caution.  It  is,  of  course,  easy  to  recognize  an  albuminuric 
form  of  bronchitis,  and  it  is  equally  easy  to  assert,  if  this  is  not  present, 
that  the  obstinacy  of  the  bronchitis  is  due  to  the  insufficiency  of  the 
heart.  But  it  still  remains  only  an  assertion.  The  senile  conditions 
which  are  always  present  to  a  greater  or  less  degree  in  the  hearts  of 
the  old  are  almost  certain  to  carry  with  them  the  probability  that 
the  course  of  the  bronchitis  wdll  be  less  favorable  than  at  a  more 
robust  time  of  life.  But  so  long  as  our  considerations  run  along  the 
line  of  such  generalities,  they  remain  arbitrary  and  practically  worth- 
less. The  examination  of  the  hearts  of  these  old  people  gives  quite 
a  considerable  percentage  which  show  no  abnormality  at  all ;  a  strong, 
regular  pulse  of  nearly  noriiial  rate  (70  to  80)  is  presented  in  these 
cases.  If  toward  the  end,  when  the  prognostic  indications  begin  to 
be  unfavorable,  the  pulse  becomes  irregular  or  increased  or  diminished 
in  rate — the  occurrence  of  a  murmur  is  a  rarity — it  does  not,  in  the 
author's  opinion,  justify  the  assumption  of  a  cardiac  form  of  bron- 
chitis, but  only  of  a  bronchitis,  which  has  taken  an  unfavorable  turn 
on  account  of  cardiac  insufficiency. 

As  accessory  symptoms  which  further  increase  the  severity  of  the 
disease,  we  not  infrequently  see  neuralgias,  especially  of  the  ex- 
tremities and  thorax. 

The  really  dangerous  complication,  bronchopneumonia , — that  is, 
the  development  of  areas  of  infiltration  in  the  lungs, — occurs  so 
gradually  that  it  entirely  escapes  diagnosis  until  on  iuATstigation 
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these  areas  have  become  so  large  that  they  can  be  demonstrated  both 
by  auscultation  and  by  percussion. 

In  many  cases  the  question  remains  in  doubt,  and  one  man  speaks 
of  a  pneumonia,  where  another  would  recognize  only  a  bronchitis. 
The  attempt  to  make  the  finest  possible  diagnosis  may  become  danger- 
ous in  these  cases,  especially  as  the  more  positive  and  far-reaching 
decision  is  more  generally  approved. 

The  occurrence  of  lobar  pneumonia  is  rare  and  is  evidently  to  be 
expected  only  when  there  has  been  a  specific  infection.  Such  infec- 
tions occur  in  adults  and  at  the  most  vigorous  time  of  life  just  as 
frequently  as  in  the  old.  Cantani  has  very  accurately  described  two 
family  epidemics,  in  which  the  bronchitis  led  quite  acutely  to  a 
pneumonia  and,  with  especial  frequency,  to  a  pneumonia  of  the  right 
upper  lobes.*  The  cultures  made  by  Manfredi  gave  no  positive 
results.  Sticker  asserts  that  he  has  never  observed  contagious  bron- 
chopneumonia in  Cologne. 

Simple  Chronic  Bronchitis. — Many  different  conditions  have  been 
described  under  this  name,  but  it  is  difficult  to  separate  them,  and  in 
the  confusion  of  observations  orwe  easily  loses  himself.  It  is  usual  to 
distinguish  chronic  bronchitis  as  an  independent  disease  from  bron- 
chitis occurring  secondarily  in  numerous  conditions;  but  even  in  the 
latter  case  it  may  become  so  extensive  and  so  important  that  the 
cause  of  it  falls  into  the  background,  and  even  entirely  disappears, 
while  the  result,  the  bronchitis,  remains  and  becomes  an  independent 
affection.  Accordingly  we  may  distinguish  the  following  forms  of 
chronic  bronchitis: 

1.  The  forms  which  follow  acute  bronchitis;  to  this  class  belong 
also  the  forms  occurring  after  measles,  whooping-cough,  and  grippe. 
As  the  transition  is  evidently  quite  gradual,  when  shall  we  declare 
such  a  catarrh  to  be  chronic?  Gintrac  has  uttered  the  decision  that 
a  chronic  bronchitis  is  one  the  duration  of  which  exceeds  forty  days. 

2.  The  forms  which  depend  on  constitutional  anomalies  (gout, 
rachitis,  scrofula,  and  Bright 's  disease).  To  this  class  belong  also 
certain  forms  observed  in  eczematous  patients,  which  are  so  changed 
by  the  symptoms  of  the  eczema  that  Gueneau  de  Mussy  considered 
it  necessary  to  give  to  this  class  a  special  name,  ''endermoses."  We 
are  glad  to  see  the  comparison  of  eczema  and  bronchitis  used  by  the 
French,  as  it  perhaps  opens  up  an  interesting  field  of  study. 

3.  The  forms  which  develop  from  chronic  injurious  influences.  To 
this  class  belong  by  far  the  most  important  forms ;  many  cases  must 
be  placed  under  this  heading  which  men  prefer  to  ascribe  to  taking 
cold,  or  to  declare  inexplicable.  At  the  head  of  the  list  is  the  bron- 
chitis of  inebriates,  then  that  of  smokers,  and  to  these  may  be  added 
the  form  occurring  in  those  who  work  in  dust  (called  by  Walshe 
''mechanical  bronchitis"). 

4.  The  next  group  is  made  up  of  individuals  who  have  some 

*  Centralblatt  fiir  klin.  Medicin,  1888,  S.  508. 
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disease  of  the  nose  or  nasopharynx  which  makes  them  breathe  through 
their  mouths  and  thus  exposes  the  air-passages  to  injury. 

5.  Chronic  bronchitis  occurring  in  persons  with  circulatory  dis- 
turbances :  heart  disease,  obesity. 

6.  Chronic  bronchitis  in  persons  with  any  chronic  disease  of  the 
lungs. 

Generally  the  injuries  under  2  and  3  have  acted  for  a  long  time, 
causing  se^•eral  acute  attacks  of  bronchitis,  before  chronic  bronchitis 
develops.  In  children  the  injuries  included  under  1  are  first  to  be 
thought  of.* 

Is  there  a  syphilitic  bronchitis?  See  cites  Schlemmer  as  an  author 
who  says  that  by  reason  of  the  syphilitic  endarteritis,  which  occurs  so 
frequently,  a  bronchial  catarrh  may  develop,  which  would  therefore 
rank  among  the  catarrhs  due  to  circulatory  disturbances,  and  presents 
nothing  that  is  sufficiently  characteristic  to  compel  the  diagnosis  of 
specific  bronchial  catarrh.     (Compare  also  the  section    on  Syphilis, 

Among  the  varieties  of  chronic  bronchitis,  that  of  childhood  and 
that  of  old  age  have  also  been  described  as  special  forms ;  but  the  above- 
mentioned  enumeration  of  the  etiologic  factors  includes  those  which 
are  most  important  for  these  two  periods  of  life,  and  a  further  sub- 
cU vision  of  the  subject  would  be  of  no  advantage,  but  would  rather 
tend  to  confusion  by  an  unnecessary  repetition  of  terms.  The 
symptoms  are,  in  general,  those  of  bronchitis.  The  rales  are  so 
widely  diffused  and  so  variable  in  character  as  to  be  of  little  value. 
[When  consonant,  as  the  English  writers  term  them,  they  suggest 
consolidations. -^-Ed.]  Examination  of  the  lung  has  merely  a  negative 
value  by  excluding  consolidation  and  bronchiectasis.  In  other  words, 
to  guard  against  mistakes,  the  infero posterior  portions  of  the  lungs, 
where  small  areas  of  dulness  may  easily  be  outHned  by  percussion, 
must  be  carefully  examined,  in  order  to  decide  the  question  whether 
a  catarrhal  pneumonia  already  exists  or  only  a  transient  atelectatic 
or  hypostatic  condition.  Such  questions  can  often  be  solved  by  ask- 
ing the  patient  to  draw  a  deep  breath  and  cough.  Many  cases,  how- 
ever, will  remain  doubtful;  often  one  physician  will  diagnose  catarrh 
where  another  deems  himself  justified  in  speaking  of  pneumonia. 
The  latter  diagnosis  should  be  made  only  in  the  presence  of  well- 
marked  and  constant  areas  of  dulness. 

The  cough  is  by  far  the  most  important  symptom,  but  it  is  also 
extremely  variable;  sometimes  it  is  infrequent  and  slight,  at  other 
times  constant,  violent,  annoying,  and  even  painful.  Its  severity 
is  usually  greatest  in  the  morning  and  evening.  A  change  of  symp- 
toms ^\dth  the  time  of  year  and  with  the  weather  is  quite  usual,  and 
perfect  recovery  is  the  more  doubtful,  the  older  the  individual.  The 
sputum  varies  as  much  as  does  the  cough.  The  very  tough  and  dry, 
I  he  moist,  the  mucoid,  and  the  purulent  are  distinguished,  and  be- 
tween these  are  all  possible  transitional  forms. 

*Coinby,  Arch.  gen.  de  med.,  Nov.,  Dec,  1886. 
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Ordinary  mucopurulent  bronchitis  is  by  far  the  most  frequent 
form  of  chronic  catarrh.  The  patients  cough  with  very  variable 
frequency,  sleep  poorly  at  night  because  the  cough  interrupts  their 
rest,  have  a  certain  cachectic  appearance,  and  in  time  become  em- 
physematous. 

Dry  catarrh  {catarrhe  sec  of  Laennec)  is  very  much  more  infre- 
quent. Under  what  conditions  it  especially  occurs  is  disputed; 
Laennec  considers  it  the  special  catarrh  of  the  gouty,  but  it  cer- 
tainly often  occurs  intercurrently  during  the  course  of  the  foregoing 
form.  The  mucosa  is  considerably  swollen;  indeed,  the  swelling  at 
times  is  so  excessive  that  Cantani  has  characterized  the  form  as 
diffuse  catarrhal  bronchostenosis.*  Then  a  marked  dyspnea  ap- 
pears. There  is  also  considerable  cough,  and  as  there  is  little  dis- 
charge, the  cough  is  annoying  and  wearing  Here  we  often  find 
severe  pains  at  the  points  of  attachment  of  the  abdominal  muscles 
to  the  lower  portion  of  the  thorax. 

Fothergill,  who  was  a  sufferer  from  this  affection,  describes  it  as 
follows :  An  acute  tearing  pain  is  usually  traced  to  one  spot.  This  is 
a  point  of  the  periosteum,  usually  on  a  rib,  where  a  muscle -fiber  is 
torn  off  from  its  attachment  by  the  violent  strain  of  coughing.  With 
every  severe  cough  the  growing  reattachment  of  the  fiber  is  lacerated, 
and  this  causes  the  stabbing  pain.  After  some  experience  of  this 
pain,  the  patient  learns  to  assume  an  appropriate  position  when  he 
feels  the  cough  coming  on.  The  position  taken  is  one  in  which 
relatively  little  pull  is  exerted  on  the  affected  point  during  the  act  of 
coughing;  in  this  way  the  laceration  and  accompanying  pain  are 
avoided.  The  hand  is  usually  pressed  firmly  against  the  place,  in 
order  to  lessen  still  further  the  strain  on  the  young  adhesions.  Every 
one  who  has  once  experienced  this  complication  of  dry  catarrh  under- 
stands at  once  the  significance  of  this  position  when  he  observes  it 
in  another.  In  the  sputum  we  find  numerous  roundish  masses  of 
very  tough  mucus  with  pus  cells  and  some  blood-corpuscles  (sputa 
margaritacea,  crachats  perles).  [The  pearl-like  masses  of  hyaline 
mucus  usually  contain  Charcot-Leyden  crystals  and  Curschmann's 
spirals. — Ed.] 

Auscultation. — Moist  rales  are  present  in  small  numbers  or  not  at 
all;  but  there  is  much  piping  (sibilant  rales),  accompanied  by  hissing, 
and  sometimes  by  creaking,  until  finally  a  condition  develops  like 
that  which  is  observed  in  asthmatic  patients,  where  over  the  whole 
chest  there  is  a  piping,  a  creaking,  or  wheezing,  which  has  given  rise 
to  the  name  ''musical  respiration."  Often  this  catarrh  is  called  by 
the  laity  and  even  by  physicians  asthma,  especially  when  the  dyspnea 
is  very  marked.  Dry  catarrh  early  leads  to  emphysema  of  the  lungs 
and  is  frequently  accompanied  by  it.  Recently  it  has  been  asserted 
that  it  often  occurs  with  dilatation  of  the  stomach,  but  this  association 
has  not  yet  been  satisfactorily  proved. 

The  serous  form,  or  catarrhe  pituiteux  of  Laennec,  is  the  rarest 

*7v7m.  Centralhlatt,  1885,  S.  608. 
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form  of  chronic  bronchitis.  In  it  we  find  a  fluid,  colorless,  frothy 
sputum  which  has  been  compared  to  a  thin  solution  of  gum  arabic. 
The  cough  is  extremely  \'iolent  and  annoying,  so  that  the  patients 
become  short  of  breath  from  coughing;  hence  the  name  asthma  hu- 
midum.  This  form  of  catarrh  is  not  dangerous,  develops  usually  on 
a  nervous  foundation  (nervous  hypersecretion),  but  may  become  very 
annoying  by  reason  of  its  unlimited  duration.  Usualh^,  after  a  certain 
time,  it  passes  o^•er  into  the  simple  purulent  form. 

Purulent  bronchitis  is  the  end-stage  of  every  chronic  bronchitis; 
besides  there  are  certain  forms  in  which  there  is  from  the  first  a 
marked  production  of  pus.  The  sputum  often  seems  similar  to  that 
of  a  phthisical  patient;  but  when  the  secretion  of  pus  becomes  very 
abundant, — in  twenty-four  hours  a  discharge  of  pure  pus  up  to  500 
c.c.  has  been  observed, — it  is  very  characteristic,  and  similar  to  that 
of  a  bronchiectatic  patient.  This  form  has  been  especially  distin- 
guished as  bronchoblennorrhea.  The  expectorated  pus  may  at  times 
take  on  a  markedly  offensive  odor,  but  this  is  soon  lost  and  is  not  to 
be  compared  to  that  of  putrid  bronchitis.  Purulent  bronchitis  may, 
however,  undoubtedly  pass  over  into  the  true  putrid  form,  especially 
when  bronchiectases  are  present,  but  also  when  they  are  absent. 
These  forms  w^hich  are  characterized  by  abundant  production  of  pus 
also  have  a  tendency  to  lead  to  irregular  and  at  times  even  charac- 
teristic febrile  changes;  they  then  exhaust  the  patient  and  finally 
threaten  his  life. 

The  attempt  to  distinguish  chronic  tracheitis  from  chronic  bron- 
chitis must  always  appear  forced.  A  pure  chronic  form  of  tracheitis 
must  be  something  very  rare.  According  to  the  description  of  system- 
atic writers  (especially  Lubet-Barbon  and  Nicaise),  the  condition  is 
characterized  by  the  absence  of  all  symptoms  on  the  part  of  the 
lungs,  and  by  a  cough  of  peculiar  timbre,  which  they  call  timbre 
de  chaudron  fele;  tracheoscopy  shows  marked  redness  of  the  tracheal 
mucous  membrane,  and  pressure  on  the  uppermost  ring  of  the 
trachea  is  very  painful.  Nicaise  *  has  especially  emphasized  how  the 
trachea  is  of  great  importance  in  the  production  of  tone,  and  how, 
accordingly,  tracheitis,  as  well  as  all  diseases  of  the  trachea,  must 
have  an  effect  on  the  voice. 

The  course  of  chronic  bronchitis  is  neither  dangerous  nor  painful  in 
itself.  There  is  nothing  characteristic  about  it  except  the  great  ten- 
dency to  recurrences,  which  is  in  a  high  degree  peculiar  to  chronic 
bronchitis.  Even  a  recovery,  therefore,  has  rather  the  effect  of  a 
remission.  The  general  health  does  not  suffer,  so  long  as  no  further 
complications  are  added. 

In  old  people  the  course  of  chronic  catarrh  is  frequently  very 
grave.  They  are  much  troubled  by  the  cough,  and  when  expectora- 
tion is  very  abundant,  the  prognosis  is  especially  unfavorable ;  although 
Lebert  tells  of  a  man  who  suffered  for  thirty  years  from  such  a  catarrh 
and  reached  his  eightj^-second  3'ear.     As  a  rule,  the  general  condition 

*  Acad^mie  de  medecine,  1891,  28  juillet. 
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suffers  greatly.  The  appetite  becomes  poor,  a  tendency  to  edema 
develops,  and  in  the  evening  there  is  an  elevation  of  temperature. 
So  the  patients  steadily  grow  worse,  especially  when  the  circumstances 
are  not  such  as  to  permit  the  most  careful  nursing  and  all  possible 
means  of  keeping  up  the  strength.  The  disease  usually  passes  over 
into  the  catarrhal  pneumonia  of  the  old;  dull  areas  develop  in  the 
posterior  and  lower  portions  of  the  lungs  and  so  they  die.  [The 
catarrh  must  be  looked  upon  often  as  a  terminal  infection,  whether 
in  the  course  of  some  chronic  inflammatory  or  degenerative  process, 
or  as  the  first  break  of  life's  chain  in  its  senile  decline. — Ed.] 

Complications. — Emphysema  should  be  named  as  the  most  fre- 
quent complication  of  chronic  bronchial  catarrh ;  every  obstinate  and 
frequently  recurring  catarrh  eventually  leads  to  emphysema,  and  the 
consequences  of  emphysema  then  gradually  develop.  In  rare  cases 
chronic  forms  of  peribronchitis  develop,  and  lead  to  cirrhotic  changes 
in  the  lungs,  or  become  the  cause  of  bronchiectasis ;  they  also  prepare 
the  most  favorable  soil  for  bacterial  infection.  It  is  difficult  to  say 
why  in  most  cases  emphysema  develops,  and  in  rarer  cases  chronic 
pneumonia.  The  latter  is  certainly  more  to  be  feared  where  the 
etiology  shows  violent  injuries,  which  might  lead  to  bronchopneu- 
monia; especially  the  bronchitis  from  inhalation  of  dust  is  found  in 
this  class. 

In  a  third  group  of  cases  the  signs  of  a  circulatory  disturbance 
appear  without  the  development  of  emphysema.  The  passage  of 
the  blood  through  the  lungs  is  so  retarded  that  stasis  occurs  in  the 
right  ventricle,  in  the  right  auricle,  and  finally  in  the  venous  circula- 
tion. We  see,  then,  the  whole  picture  of  stasis  as  it  occurs  in  em- 
physema and  cardiac  lesions;  albuminuria,  anasarca,  ascites,  hyper- 
emia of  the  brain,  with  tendency  to  stupor  and  delirium  appear,  and 
the  patient  dies  amid  such  symptoms  as  make  the  observer  inclined 
to  assume  one  of  those  heart  lesions  which  do  not  reveal  themselves 
by  murmurs.  In  a  number  of  cases  emphysema  lies  intermediate  be- 
tween bronchitis  and  dilatation  of  the  heart,  but  there  are  also  cases 
in  which  this  is  not  true,  and  in  which  we  must  assume  a  considerable 
injury  to  the  pulmonary  circulation  directly  due  to  the  bronchitis. 
If  one  recalls  the  relation  of  the  pulmonary  artery  to  the  small  and 
medium-sized  bronchi,  then  he  will  consider  it  as  probable  that  the 
bronchitis  can  become  injurious  to  the  pulmonary  artery  only  when 
it  has  led  to  a  peribronchitis.  Such  forms  as  are  found  in  connection 
with  indurations  and  bronchiectases  are  most  frequently  accompanied 
by  the  most  severe  heart  disturbances.  They  are,  however,  not  the 
result  of  simple  bronchitis,  but  must  be  attributed  to  the  presence  of 
some  other  specific  infection.  I  believe  that  syphilis  holds  the  first 
place 

In  old  men  who  suffer  from  chronic  catarrh  and  a  certain  grade 
of  emphysema,  nightly  asthma-like  attacks  are  observed,  and  Lebert 
has  distinguished  this  asthma-like  form  of  the  catarrh  of  old  age  from 
the  dyspneic  paroxysms  of  the  patients  who  suffer  from  emphysema 
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and  heart  disease,  as  all  the  respiratory  muscles  are  convulsively 
excited,  the  inspirations  are  especially  difficult,  the  expirations  easier 
and  accompanied  by  sibilant  and  sonorous  rales.  A  plentiful  dis- 
charge ushers  in  an  abatement  of  the  symptoms.*  I  cannot  regard 
these  attacks  as  other  than  the  paroxysms  of  coughing  with  dyspnea 
of  bronchiectatic  and  emphysematous  patients,  which  were  men- 
tioned earlier  and  have  been  called  asthmatic  attacks. 

It  is  certain  that  there  are  forms  of  bronchitis  with  emphysema  and 
dyspneic  attacks  which  may  just  as  well  be  described  under  the 
heading  of  asthma  as  under  that  of  bronchitis  or  emphysema.  I 
shall  return  to  tliis  subject  under  "Asthma." 


DIAGNOSIS  OF  BRONCHITIS. 

As  in  all  diseases,  there  are  also  here,  in  addition  to  the  cases 
which  can  be  easily  and  certainly  diagnosed,  conditions  which  confuse 
even  the  most  skilful  observers.  One  should  not  forget  that  the 
chagnosis  of  the  disease  rests  more  on  negative  than  on  positive  indi- 
cations: Cough,  some  discharge,  and  some  rales  form  the  basis  for 
our  diagnosis,  when  nothing  else  is  found  which  indicates  another 
diagnosis.  Hence  the  disease  will  frequently  begin  with  the  diag- 
nosis "bronchitis,"  but  in  time  everything  else,  even  to  the  most 
severe  diseases  of  the  lungs,  may  develop  from  it.  These  possibilities 
^\^ll,  as  always,  have  to  be  borne  in  mind. 

In  the  beginning  of  an  acute  bronchitis  one  will  often  have  to 
consider  the  possibility  of  the  case  being  one  of  whooping-cough  or 
influenza.  The  former  doubt  is  generally  solved  by  further  observa- 
tion, but  the  second  frequently  persists,  and  the  question  might  be 
asked  with  all  seriousness  whether  many  or  all  of  our  cases  of  bron- 
chitis from  cold  are  not  really  sporadic  cases  of  influenza.  Only  by 
impro\dng  and  facilitating  our  methods  of  etiologic  investigation  mil 
it  be  possible  to  settle  these  questions,  which  are  now  quite  unanswer- 
able. 

"When  the  inflammation  is  limited  to  the  trachea  and  largest 
bronchi,  the  rales  may  be  entirely  lacking.  These  cases  are  therefore 
designated  tracheitis. 

In  many  indi\dduals,  the  cough  has  such  a  violent,  convulsive 
character  that  it  is  hard  to  believe  the  case  one  of  simple  bron- 
chitis. Although  it  is  considered  possible,  it  always  seems  to  me 
doubtful;  other  possibilities,  especially  swelling  and  disease  of  the 
bronchial  lymph-glands,  at  once  suggest  themselves,  especially  in 
children.  A  special  section  has  been  devoted  to  these  conditions. 
Diseases  of  the  lar3'nx,  of  the  nose,  and  of  the  pharynx,  and  foreign 
bodies  which  have  found  their  way  unobserved  into  the  lungs,  may 
cause  a  very  similar  convulsive  cough;  the  diagnosis  of  bronchitis 
should  not,  therefore,  be  made  in  such  cases  until  the  upper  air- 

*Lebert,  Klinik  der  Brustkrankheiten,  1874,  i,  S.  102. 
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passages  have  been  carefully  inspected.  It  is  also  evident  that  the 
condition  of  the  heart  and  large  blood-vessels  as  well  as  that  of  the 
kidneys  must  be  investigated  and  the  sputum  examined  for  tubercle 
bacilli  before  the  diagnosis  of  simple  bronchitis  can  be  accepted. 

It  is  especially  difficult  to  draw  a  sharp  line  between  capillary 
bronchitis  and  hronchopneumonia  in  children  and  old  people;  it 
has  been  said  that  this  line  is  often  drawn  very  arbitrarily.  The 
diagnosis  cannot  be  based  on  the  fever  alone ;  it  requires  the  presence 
of  an  area  of  dulness.  But  as  the  areas  of  consolidation  in  these  cases 
are  often  small  and  very  circumscribed,  dulness  is  very  difficult  to 
determine ;  and  frequently  one  physician  finds  dulness  where  another 
refuses  to  concede  its  presence.  The  cases  that  lead  to  death,  as  a 
general  rule,  show  considerable  bronchopneumonic  consolidation;  but 
how  about  those  that  recover?  Legendre  and  Bailly  *  make  no  dis- 
tinction at  all,  but  are  of  the  opinion  that  the  difference  is  merely 
one  of  form  and  degree.  There  is  a  catarrh  of  the  capillary  bronchi 
and  alveoli,  to  which  tissue  changes  are  also  added  (so  they  say). 
According  to  whether  one  of  the  elements  or  the  other  predominates, 
the  catarrhal  pneumonia  may  assume  one  of  two  fundamental  forms : 
the  bronchial  form,  which  is  our  capillary  bronchitis,  and  the  pneu- 
monic form.  Their  efforts  to  keep  these  two  forms  separate  only 
show  that  in  the  latter  case  there  are  well-characterized  areas  of  dul- 
ness, while  in  the  former  this  is  not  true,  although  on  section  small 
masses  may  be  found  scattered  throughout  the  lung.  We  are  making 
for  ourselves  difficulties  which  do  not  really  exist  in  nature ;  the  essence 
of  the  disease  is  always  a  diffuse  capillary  bronchitis.  It  dominates 
the  picture,  and  the  demonstration  of  areas  of  dulness  does  not 
materially  affect  our  conception  of  the  course,  as  is  sometimes  stated. 
It  is  believed  that  the  prognosis  may  be  more  unfavorable  when  areas 
of  dulness  are  shown  than  when  they  are  not  present,  but  it  is  a 
great  mistake.  The  danger  depends  on  the  extent  of  the  catarrh. 
The  child  endures  a  consolidated  area,  but  when  almost  all  the  bronchi 
are  so  obstructed  that  an  insufficient  amount  of  air  reaches  the  alveoli, 
the  danger  of  suffocation  is  of  course  imminent. 

The  latent  pneumonia  of  the  old  may  easily  be  mistaken  for  a 
bronchitis;  it  is  not  practicable  in  private  practice  to  subject  such 
patients  to  a  minute  examination  every  day,  and  an  area  of  dulness  is 
easily  overlooked;  the  exceeding  weakness  and  the  dry,  red  tongue 
are  signs  which  must  attract  the  attention  of  the  physician. 

As  differential  factors  between  asthma  and  the  dyspneic  condi- 
tions which  occur  in  chronic  bronchitis  and,  appearing  spasmodically, 
may  simulate  asthma,  I  will  mention  the  following:  The  asthmatic 
patient  does  not  generally  cough  often  and  the  attack  may  begin  and 
end  without  expectoration.  If  the  asthmatic  patient  has  a  laborious 
expectoration,  he  is  surprisingly  relieved  by  the  expulsion  of  small 
amounts  of  sputum  which  has  very  characteristic  peculiarities.  The 
dyspnea  of  asthmatics  is  paroxysmal;  that  of  bronchitics  continuous, 

*  Archives  generales,  1844. 
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appearing  even  when  there  is  no  attack.  The  presence  of  acute 
distention  of  the  luuf:;  would  be  just  as  decisive.  But  in  the  chronic 
forms  of  inveterate  asthma  tlie  decision  may  be  impossible.  The 
layman  will  often  speak  of  asthma,  where  the  physician  sees  only  em- 
physema and  bronchitis. 

A  warning  is  also  necessary  against  confusing  bronchitis  with 
hysteric  cough.  The  peculiarity  of  this  is,  however,  not  generally  to  be 
recognized ;  it  is  quite  dry,  or  at  least  the  discharge  is  extraordinarily 
scant;  rales  are  not  heard  and  the  cough  is  of  surprising  violence, 
peculiarly  harsh  and  barking,  influenced  by  none  of  the  ordinary 
remedies;  it  may  last  months,  yes,  even  years,  and  be  extremely 
annoying;  but  the  cough  disappears  during  sleep;  it  does  not  wake 
the  patient;  she  must  wake  the  cough.  [The  stigmata  of  hysteria 
are  also  present. — Ed.] 

In  the  beginning  of  tubercular  affections  a  dry  cough  may  also 
occur,  the  recognition  of  which  may  present  great  difficulties.  We 
get  no  sputum  for  examination,  we  hear  nothing  in  the  lungs;  an 
evanescent  rale  at  the  apex  seems  no  reason  for  awakening  keen 
anxiety  in  the  patient's  mind  and  adopting  far-reaching,  costly 
therapeutic  measures.  How  often  may  the  physician  impose  dis- 
proportionate sacrifices,  sow  disquiet  and  excitement  with  their  in- 
jurious consequences,  where  this  is  entirely  superfluous.  He  can 
fulfil  his  duty  only  by  attentive  observation,  and  for  this  he  requires 
the  support  of  the  relatives.  A  method  of  investigation  which, 
according  to  my  opinion,  deserves  to  be  considered,  although  it  is 
now  too  much  forgotten,  is  the  determination  of  the  respiratory 
volume  by  means  of  the  Hutchinson  spirometer.  If  the  volume  corre- 
sponds to  the  normal,  one  can  refuse  to  be  seriously  anxious.  [Tuber- 
culin tests  are  justifiable. — Ed.] 

When  sputum  is  present,  the  diagnosis  can,  except  in  the  rarest 
cases,  be  established  by  the  aid  of  our  present  methods  of  investiga- 
tion. We  shall  hold  to  the  microscopic  method  of  examination  and 
shall  not  rely  on  the  contradictory  and  uncertain  diagnostic  points 
given  by  the  older  authors. 

The  boundary-line  between  capillary  bronchitis  and  bronchitis  of 
the  larger  bronchi  is  often  very  arbitrarily  drawn;  we  cannot  speak 
of  capillary  bronchitis  until  we  can  satisfactorily  determine  the 
presence  of  small  moist  rales.  If  the  number  of  rales  which  we  can 
hear  in  a  circumscribed  spot,  without  changing  the  position  of  the 
stethoscope,  is  so  great  that  we  no  longer  hear  two  or  three  rales, 
but  get  the  impression  of  one  confused  sound,  in  which  we  cannot 
count  the  different  components,  then  we  can,  without  further  evidence, 
as  Graves  has  already  remarked,  decide  on  the  diagnosis  of  capillary 
bronchitis.  [In  capillary  bronchitis  or  bronchopneumonia  there  is 
usually  an  excess  of  leucocytes. — Ed.] 

If  a  chronic  bronchitis  lasts  a  very  long  time  and  no  inflammatory 
symptoms  are  present,  there  is  great  probability  that  a  certain 
degree  of  emphysema  exists.     If  the  diagnosis  of  emphysema  is  made 
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at  a  time  when  distinct  signs  of  enlargement  of  the  lungs  are  obtained, 
mistakes  will  generally  be  avoided.  In  doing  this,  auscultation  is  of 
no  assistance  at  all,  for  the  classic  diminution  of  the  respiratory 
murmur  only  makes  its  appearance  in  the  advanced  stages  of  the 
disease,  long  after  the  differential  diagnosis  has  been  positively  estab- 
lished by  percussion;  percussion  and  inspection  are  the  methods  to 
employ.  We  have  to  do  with  two  conditions  which  belong  together, 
and  between  which  there  is  no  sharp  line.  [The  excursions  of  the 
diaphragm  as  indicated  by  inspection  (Litten  phenomena)  and  by  the 
fiuoroscope  enable  one  to  determine  the  presence  of  emphysema. — Ed.] 
Under  the  name  of  the  night-cough  of  children,  Behrend  described 
a  condition  in  which  the  children  do  not  cough  at  all  during  the 
day,  go  to  sleep  quietly  at  the  usual  time,  but  after  one  or  two  hours 
awaken,  cough,  cry,  cough  more  and  more  violently,  and  finally 
vomit;  the  attack  gradually  subsides  and  finally  disappears  alto- 
gether ;  they  fall  asleep  and  sleep  ver}^  well  for  the  rest  of  the  night. 
These  attacks  are  repeated  night  after  night  for  weeks,  to  the  despair 
of  the  parents.*  I  have  myself  at  times  seen  such  cases,  but  am  of  the 
opinion  that  they  are  never  due  to  disease  of  the  bronchi  or  lungs,  but 
to  reflex  irritation  from  the  pharynx,  from  the  nose,  or  from  the 
cervical  or  bronchial  glands.  [Sir  Andrew  Clark  pointed  out  the 
frequency  of  a  similar  cough  in  some  forms  of  chlorosis. — Ed.] 


TREATMENT  OF  CATARRH. 

Prophylactic  and  Hygienic  Treatment;  Climatic  Conditions;  Mineral 
Springs;  Potassium  Salts  and  Sodium  Carbonate;  Tea,  Expectorants, 
Balsams,  Narcotics,  Emetics,  Strychnin,  Astringents,  Bleeding,  Oxygen, 
Hydropathic  Cures,  Applications  to  the  Skin,  Baths,  Inhalations,  and 
Rarefied  or  Compressed  Air. 

Prophylaxis. — It  is  certain  that  by  an  intelligent  manner  of  living 
the  great  majority  of  all  catarrhs  ma}^  be  avoided ;  but  if  many  lack  the 
understanding  for  this,  many  also  lack  the  energy  and  the  means  to 
change  for  the  better  their  unfavorable  conditions  of  life.  Loud- 
mouthed reformers  are  wont  to  inveigh  against  faulty  public  hygiene, 
while  they  utterly  neglect  to  enjoin  the  simplest  precautions  that  every 
one  could  and  should  observe  in  his  own  home.  The  paramount  im- 
portance of  cleanliness,  the  need  of  which  has  become  second  nature 
to  civilized  man,  and  its  power  of  protecting  the  community  against 
a  multiplicity  of  dangers,  are  far  from  being  properly  appreciated. 
That  cleanliness  includes  a  proper  solicitude  about  the  air  we  breathe 
should  be  obvious  to  everybody,  j^et  the  idea  never  occurs  to  most 
people.  Education  and  training  make  up  a  second  great  factor. 
Rational  hardening  of  the  children  is  more  and  more  practised  even 
among  the  better  classes,  but  the  foolish  fear  of  colds,  with  which 

*  Behrend,  "Toux  periodique  nocturne  des  enfants,"  Gaz.  med.,  1846;  'Brunis, 
ibid. 
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hysteric  mothers  often  maltreat  their  famiUes  all  their  lives,  is  still 
.met  with  often  enough,  so  that  it  is  necessary  constantly  to  reiterate 
its  folly.  The  hardening  process  is  entirely  in  the  mother's  hands, 
for  she  can  begin  with  the  proper  training  "at  the  right  time  if  she 
chooses. 

The  physician  is  called  in  after  the  catarrh  has  developed  and, 
perhaps,  become  thoroughly  rooted.  He,  too,  must  first  of  all  turn 
his  attention  to  hygienic  measures. 

[Certain  simple  measures  sometimes  succeed  in  aborting  a  threaten- 
ing attack  of  bronchitis.  These  methods  are  based  on  diaphoresis 
and  diuresis,  and  need  no  detailed  description.  Instead  of  the 
traditional  quinin,  liberal  doses  of  the  perchlorid  of  iron  are  strongly 
advocated  by  Owen. — Ed.] 

We  are  accastomed  to  express  ourselves  briefly  on  the  hygiene 
of  bronchitis,  because  it  includes  a  host  of  trivial  matters.  We  are 
all  agreed  that  the  air  must  be  pure,  and  yet  in  numerous  cases  there 
is  no  provision  for  changing  the  air  in  which  the  patient  is  confined. 
He  must  be  protected  from  the  evil  influences  of  bad  weather. 
To  confine  the  patient  to  Ms  room  altogether  is  proper  only  in 
the  first  acute  stage  of  the  disease ;  this  is  the  most  radical  method 
of  protection,  providing  the  air  of  the  room  is  pure,  evenly  tem- 
pered, and  contains  the  proper  amount  of  moisture.  [See  papers  by 
Forchheimer,  Eicberg,  and  others  on  cold  air  in  bronchopneumonia. 
— Ed.]  But  to  continue  this  confinement  for  many  weeks  is  contrary 
to  our  general  principles.  If  the  concUtions  are  such  that  the  patient 
must  at  all  costs  be  protected  from  the  cold, — as,  for  instance,  in 
phtliisis  and  in  chronic  catarrh  \^ith  emphysema  in  elderly  people, — he 
should  be  sent  to  a  mild  climate,  if  circumstances  permit  a  journey. 
[But  preferably  not  sent  away  if  managed  in  accordance  ^^4th  the 
methods  of  Trudeau  at  Saranac  in  the  Adirondacks. — Ed.] 

In  adapting  the  air  to  the  needs  of  the  body,  more  attention  is 
now  paid  to  the  amount  of  moisture.  It  is  certain  that  air  that 
is  too  dry  has  an  irritating  effect  on  diseased  bronchi,  and  may 
increase  an  acute  inflammatory  condition;  air  that  is  too  moist  has 
a  depressing,  relaxing  influence,  and  diminishes  nervous  activity  in 
inverse  proportion  to  the  temperature.  In  general,  the  relative 
amount  of  moisture  which  is  to  be  regarded  as  most  advantageous  to 
the  bod}'  is  about  70%,  and  Clar  *  has  contributed  a  short  and  read- 
able paper  on  the  method  of  regulating  the  amount  of  moisture  in  a 
room  with  the  help  of  August 's  psychrometer.  If  at  the  normal 
room-temperature  of  18.5°  C.  (73.6°  F.)  the  difference  between  the 
two  thermometers  of  the  instrument  reaches  two  degrees,  the  amount 
of  moisture  is  approximately  correct;  if  it  is  less,  the  amount  of 
moisture  is  too  great;  if,  on  the  other  hand,  it  is  more  than  two  de- 
grees, the  amount  of  moisture  is  too  small.  The  former  condition 
is  improved  by  ventilation ;  the  latter  by  the  evaporation  of  water 
in  large  vessels  or  by  means  of  a  spray. 

*  Blatter  fiir  klin.  Hydrotherapie,  v,  S.  63. 
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The  longer  the  bronchitis  lasts,  the  more  necessary  is  it  to  attend 
to  these  important  matters  of  hygiene  and  to  summon  to  our  aid 
some  effective  hardening  methods.  The  simplest,  the  most  effective, 
and  the  mildest  form  is'  a  full  cold  bath  in  the  morning.  This  can 
be  begun  with  the  smallest  child,  the  temperature  of  the  bath-water 
being  moderated  according  to  the  time  of  year,  beginning  with  20°  C. 
(77°  F..  better  90°  F.)  and  using  gradually  cooler  water.  The  in- 
fluence of  this  cutaneous  stimulation  on  the  bronchi  is  evidently  a 
very  complicated  process,  in  which  reflex  impressions  on  the  vaso- 
motor nerves  no  doubt  play  the  chief  role.  If  nothing  more  is  gained, 
at  least  the  skin  will  be  brought  into  a  condition  to  react  vigorously 
to  the  unavoidable  evil  influences  of  the  weather,  and  thus  will  pro- 
tect all  the  internal  organs  from  the  circulatory  disturbances  which 
are  the  rule  in  delicate  persons. 

Care  should  also  be  given  to  the  clothing;  to  adapt  this  to  the 
prevailing  weather  is  a  precaution  which  cliildren  neglect  from  igno- 
rance and  adults  from  love  of  ease ;  in  Germany  woolen  shirts  and 
stockings  are  indispensable  to  catarrhal  patients  during  the  greater 
part  of  the  year.  The  clothing  should,  in  general,  be  warm  and 
light. 

If  proper  attention  is  paid  to  these  general  principles,  it  will  be 
all  that  is  necessary  in  many  cases.  The  greatest  difficulty  in  prac- 
tice is  to  get  a  really  pure  air,  as  in  our  cities  there  is  still  much  to 
be  wished  for  in  this  direction.  Many  persons,  by  their  occupation 
in  dusty  localities  or  dust-producing  pursuits,  are  so  constantly  sur- 
rounded by  dust  that  it  is  impossible  for  them  to  follow  the  phj^si- 
cian's  ad\dce.  But  this  class  also  can  be  charged  with  great  neglect. 
How  important  it  is  to  insist  upon  breathing  through  the  nose,  upon 
avoiding  all  unnecessary  speech  while  doing  such  work  and,  when 
possible,  warding  off  the  dust  by  direct  means  of  protection.  There 
are  various  very  effective  respirators,  which  are  recommended  for 
this  purpose;  unfortunately  many  object  to  their  use  because  it 
attracts  attention,  because  it  looks  bad,  or  because  to  do  something 
is  not  so  easy  as  to  do  nothing.  In  a  workroom,  the  foolish  make 
fun  of  the  prudent ;  the  sick  frequently  begrudge  to  the  healthy  their 
good  luck,  instead  of  taking  a  warning  for  their  own  benefit.  We 
often  hear  in  daily  fife  remarks  dictated  by  the — almost  diabolical — 
idea,  "Why  need  he  be  any  better  than  I?"  and  there  are  invahds 
who  think  often  enough  ''Why  need  he  be  healthier  than  I?"  Such 
depravity  is  more  common  than  many  would  believe,  and  should  be 
taken  into  consideration  by  CA^ry  prudent  practitioner. 

It  has  been  justly  said  that  the  hygiene  of  the  cough  also  demands 
careful  attention  in  all  chronic  cases;  and  in  some  acute  conditions, 
such  as  whooping-cough,  this  recommendation  is  highly  important 
during  the  act  of  coughing.  The  chest  should  be  well  filled  with  air, 
the  patient  should  sit  or  stand  and  steady  himself  with  his  hands. 
He  should  offer  as  much  resistance  as  possible  to  the  irritation  which 
gives  rise  to  the  cough,  and  should  try  to  shorten  the  attack.     There 
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is  not  the  slightest  doubt  that  cough  is  largeh^  under  the  control  of 
the  will.  Even  in  children  an  annoying  cough  has  often  enough  been 
reduced  to  a  minimum  by  suggestion.  The  patient  should  not  sleep 
in  a  cold  room  or  in  a  cold  bed,  or  undress  himself  and  change  his 
clothing  like  a  healthy  person;  his  feet  should  be  kept  warm  and  any 
sudden  change  of  temperature  avoided. 

The  diet  is  a  question  the  importance  of  which  increases  with  the 
age  of  the  patient.  It  is  asserted  that  those  who  are  inclined  to  em- 
physema bear  fatty  foods  badly,  while  those  who  suffer  from  chronic 
inflammatory  processes  are  said  to  derive  great  benefit  from  a  diet 
rich  in  fats;  hence  cod-liver  oil  should  be  given  to  the  latter,  but  not 
to  the  former.  Alcohol  is  better  for  them;  although  the  chronic 
bronchitis  of  emphysematous  patients  is  often  to  be  attributed  to 
the  abuse  of  alcoholic  liquors.  At  this  stage,  however,  its  advantage 
is  very  great,  and  in  proper  dilution  and  amount,  to  be  accurately 
prescribed  by  the  physician,  it  is  a  safe  remed3\  In  general,  the  diet 
should  be  regulated  not  so  much  b)^  the  bronchitis  as  by  the  general 
condition,  the  nutrition,  the  constitution,  and  the  functional  acti\dty 
of  the  stomach. 

In  regard  to  climatotherapy  *  it  may  be  said  that  for  those  who 
have  the  necessary  means,  the  most  appropriate  climate  should  be 
sought  out.  In  all  cases  of  chronic  bronchitis  a  mild  sea  climate  is 
to  be  recommended  for  the  winter  months;  the  Isle  of  Wight,  Lisbon 
and  neighborhood,  Madeira,  and  Teneriffe  [Nassau,  Jamaica,  the 
islands  of  Bermuda,  Florida,  and  southern  Calif ornia. — Ed.]  are  places 
to  be  considered.  A  certain  relief  for  those  who  are  not  wealthy  has 
been  found  in  the  use  of  a  respirator,  an  instrument  designed  espe- 
cially for  those  who  have  to  work  in  dust,  but  which  should  always 
be  worn  out-of-doors  in  large  cities  by  those  who  have  a  dangerous 
tendency  to  colds  during  the  wdnter  months.  It  is  not  to  be  recom- 
mended in  all  cases  of  bronchitis;  it  should  not  be  worn  by  young 
people  and  is  not  adapted  for  those  cases  in  which  we  still  count  on 
the  advantage  of  active  measures  of  treatment.  But  in  the  case  of 
older  people,  where  protective  devices  make  up  the  greater  part  of 
the  treatment,  the  use  of  a  respirator  has  a  distinct  advantage. 

Resorts  nearer  home  are  sometimes  recommended,  especially 
localities  that  are  distinguished  from  the  rest  of  German}^  by  their 
w^armer  climate  and  more  protected  situation.  Wiesbaden,  Baden- 
Baden,  Wiirzburg,  and  Stuttgart  have  the  reputation  of  being  good 
resorts  for  bronchitics.  There  are  also  a  number  of  smaller  places  in 
Germany  that  might  be  considered  for  these  patients ;  they  are  gene- 
rally well  known  to  the  physicians  of  the  region.  I  will  mention : 
Honnef  in  the  Siebengebirge ;  Diez  and  Braunf els  on  the  Lahn ;  Gleis- 
weiler  in  the  Palatinate;  Weinheim  an  der  Bergstrasse;  the  Muen- 
sterthal,  and  Gernsbach  on  the  Murg,  in  Baden;  Xeustadt-Hohnstein 
in  the  Harz  Mountains;  Gruenberg  in  Silesia;  Biesenthal  and  Ebers- 

*  See  an  instructive  article  by  Bell,  on  ''  Experience  in  Search  of  a  Cure  for 
Asthma,"  etc.,  Boston  Med.  and  Sui-g.  Jour.,  vol.  cxLiv,  No.  17,  1901. 
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wald  near  Berlin.  These  resorts  are  especially  appropriate  for  a 
shorter  stay  during  the  summer  vacation,  a  question  that  has  to  be 
decided  much  more  frequently  in  ordinary  practice.  But  any  summer 
outing  is  good,  if  it  only  secures  pure  air.  [Maine,  New  Hampshire, 
Canada,  the  northwest,  in  the  summer;  western  North  Carolina, 
South  Carolina,  and  Georgia  in  the  east;  Arizona,  New  Mexico,  and 
southern  California  in  the  winter,  are  the  best  regions  in  this  country 
for  bronchitic  subjects  to  frequent. — Ed.] 

The  sea  air  deserves  especial  consideration;  its  purity  and  fresh- 
ness, the  strong  movement  of  the  air,  and  the  high  degree  of  moisture 
are  of  the  greatest  benefit  to  some  constitutions.  No  influence  is 
to  be  ascribed  to  the  varying  amount  of  salt.  For  young,  vigorous 
individuals,  in  whom  some  weakness  of  the  respiratory  organs  has 
remained  after  acute  diseases  of  the  lungs,  the  sojourn  at  the  sea  is, 
in  my  opinion,  to  be  especially  lauded.  [During  the  winter  months 
Atlantic  City,  Virginia  Beach,  and  in  dry  forms  of  bronchitis,  the 
east  or  west  coast  of  Florida  and  the  coast  of  southern  California,  are 
to  be  resorted  to.  The  west  coast  is  less  enervating  than  the  east 
coast  of  Florida. — Ed.]  On  the  other  hand,  a  high  mountainous 
region  is  preferred  by  many.  The  mountain  air  is  just  as  pure  and 
fresh,  the  breezes  are  quite  as  stimulating,  as  at  the  seashore,  but  the 
air  is  relatively  dry;  and  then  the  lower  pressure  of  the  atmosphere 
is  to  be  considered.  Thus  we  see  that  the  demand  on  the  lungs  is 
greater  in  high  mountainous  regions  than  at  the  sea-level,  but  certain 
advantageous  forces  are  present  in  the  former  that  are  lacking  at  the 
latter.  In  spite  of  these  important  differences,  the  choice  of  locality 
in  the  individual  case  is  determined  rather  by  the  opinions  and  tastes 
of  physicians  and  patients  than  by  the  comparative  merits  of  the 
resorts  under  consideration.  In  general,  it  may  be  said  that  a  high 
mountainous  climate  is  better  for  people  with  phthisical  habit  and 
considerable  anemia  [as  in  parts  of  Colorado,  Arizona,  and  New  Mexico 
in  the  United  States],  while  a  maritime  climate  better  suits  emphy- 
sematous patients  [except  A^oung  persons];  in  an  overwhelming  ma- 
jority of  cases  the  physician  does  not  make  his  decision  a  question 
of  conscience.  The  seashore  and  the  mountains  are  both  good  for 
most  patients. 

The  mineral  springs  are,  in  my  estimation,  to  be  regarded  as 
chmatic  cures  in  the  true  sense  of  the  word.  Of  all  the  methods  of 
treatment  of  bronchitis,  none  is  so  extensively  used  as  this,  and  it 
is  unquestionably  the  most  successful  in  all  the  more  chronic  cases. 
The  number  of  places  recommended  for  this  purpose  is  very 
great:  The  most  famous  are:  Saline  waters:  Homburg,  Kissingen, 
and  Soden.  Alkaline  waters:  Gleichenberg ;  Liebwerda  near  Fried- 
land  in  Bohemia;  Salzbrunn  in  Silesia;  Vichy;  and  Ems.  Alka- 
line-saline waters:  Marienbad;  Rohitsch;  and  Tarasp.  Earthy: 
Lippspringe;  Weissenburg  in  Switzerland.  Sulphur  waters:  Baden 
near  Vienna;  Schinznach;  Nenndorf;  Eilsen;  Weilbach;  and  the 
Pyrenese  spas.     They  belong  to  not  less  than  five  different  groups 
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of  drinking-waters  used  in  balneolog}-,  but  I  will  not  gi\'e  the  indica- 
tions for  them  according  to  their  chemical  constituents,  for  not  these 
chemical  constituents,  but  the  apparently  secondary  factors  in  the 
treatment,  are  really  important.  Life  at  a  watering-place,  which  is 
usually  beautifully  situated  and  free  from  dust,  with  pure  air  and  good 
food,  i'ar  from  the  cares  and  anxieties  of  daily  life,  besides  the  use  of 
active  therapeutic  measures,  such  as  inhalations,  which  are  carried 
out  with  greater  regularity  and  for  a  longer  time  than  would  be 
possible  at  home — these  factors  are  quite  sufficient  to  explain  the 
beneficial  influence  of  these  springs.  If  we  wished  to  lose  ourselves 
in  the  depths  of  speculation  on  the  importance  of  sodium  carbonate 
for  the  formation  of  blood,  we  might  quote  all  kinds  of  experiments, 
the  significance  of  which  for  the  patient  is  practically  nil.  Such 
statements  as  the  following,  found  in  reputable  works  on  balneology : 
Ems  is  especially  adapted  to  the  more  torpid  patients  with  relaxed 
mucous  membranes  and  abundant  secretion,  Kochel  for  anemia, 
Weilbach  for  the  scrofulous,  Weissenburg  for  old  chronic  catarrhs 
with  dr}^  cough  and  scanty  expectoration,  etc.,  impress  me  as  mere 
general  expressions,  in  which  we  can  scarcely  find  even  a  small 
kernel  of  truth.  The  situation,  the  presence  of  forests,  the  freedom 
of  the  air  from  dust,  the  average  amount  of  moisture,  in  short,  the 
therapeutic  factors  which  I  have  already  described  as  fundamentally 
hygienic,  are  also  to  be  considered  in  the  choice  of  a  resort.  The 
mineral  springs  themselves  are  practically  of  equal  value.  One  can 
drink  these  alkahne  or  alkaline-muriated  waters  in  larger  amounts 
and  with  greater  enjoyment;  thev  suit  human  nature  best,  far  better 
than  pure  water,  and  a  small  amount  of  sulphur  in  the  water  makes 
a  pleasant  and  useful  change.  If  the  stronger  purgative  salts  are 
present,  their  action,  of  course,  becomes  important;  for  corpulent 
patients  and  for  those  with  a  tendency  to  constipation  and  hemor- 
rhoids, such  springs  will  be  especially  preferred. 

Of  course,  it  is  not  a  matter  of  indifference  where  one  sends  his 
patients,  but  the  spring  itself  makes  but  little  difference.  The  classi- 
fication of  mineral  springs  at  present  in  vogue  is  too  narrow  and 
takes  into  account  only  their  chemical  constituents;  we  need  books 
that  shall  tell  us  about  the  local  physical  and  hygienic  conditions  in 
a  thoroughly  scientific  way.  The  quickening  influence  of  the  recent 
advances  in  meteorology  and  hygiene  is  needed  to  stir  the  stagnant 
waters  of  balneotherapy.* 

A  special  healing  influence  has  been  assigned  to  sulphur  springs  in 
■  cases  of  chronic  bronchitis.  Fromm  says  that  he  attaches  value  to  sul- 
phur waters  only  in  those  cases  in  wliich  there  is  a  tendency  to  hemor- 
rhoids, with  hyperemia  of  the  Hver.  Weilbach,  Eilsen,  Nenndorf, 
and  Landeck  have  been  much  lauded  and  are  always  eagerly  sought 

*  Balneological  works,  in  which  we  would  find  out  how  the  water  is  cared  for 
at  these  watering-places,  the  sanitary  conditions  in  regard  to  the  disposal  of  sew- 
age, how  many  typhus  cases  (eiiterica)  have  occurred  in  the  last  decade,  and  what 
ordinances,  if  any,  exist  for  the  protection  of  visitors,  are  badly  needed. 
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by  people  with  chronic  bronchial  catarrh.  In  still  greater  measure 
is  this  true  in  France  with  regard  to  the  Pyrenese  baths,  Eaux  Bonnes, 
Bareges,  Cauterets,  Bagneres-cle-Luchon.  In  these  latter  places  the 
cHmate  also  comes  into  consideration  in  great  measure,  as  they  lie 
relatively  very  high.  The  baths  can  exert  no  other  influence  than 
that  of  indifferent  thermal  springs.  The  amount  of  hydrogen  sul- 
phid  contained  in  the  spring  is  of  moment  only  when  the  waters  are 
taken  at  the  spring  itself.  It  is  possible  that  the  small  amount  of 
hydrogen  sulphid  which  is  excreted  through  the  mucous  membrane 
of  the  lungs  after  drinking  from  the  Weilbach  springs,  for  example, 
may  be  beneficial  by  causing  a  mild  stimulation  of  the  circulation  in 
certain  persons. 

In  the  most  characteristic  springs  which  patients  with  bronchial 
catarrh  have  sought  for  hundreds  of  years  salt  and  sodium  carbonate 
are.  prominent  constituents.  If  we  ask  what  these  accomplish  for 
the  mucous  membranes  of  the  bronchial  tract,  when  taken  internally, 
we  can  answer  with  great  positiveness :  nothing  at  all.  The  good 
influence  of  plenty  of  salt  on  the  general  nutrition  is  established  and 
will  continue  to  assert  itself  at  a  resort  as  elsewhere.  Of  the  influence 
of  alkali,  I  can  only  say  that  it  is  generally  recognized. 

We  can  be  certain  that  if  they  are  taken  with  a  sufficient  amount 
of  water,  they  will  increase  the  secretion  of  mucus  and  render  more 
fluid  the  mucus  which  is  too  tough.  Unless  an  abundance  of  water 
is  taken,  their  influence  is  as  uncertain  as  that  of  the  most  worthless 
expectorant;  the  alkali  alone  has  scarcely  any  value.  I  would  not 
expose  myself  to  criticism  by  drawing  the  naive  conclusion  that  the 
mucous  membrane  produces  a  more  alkaline  secretion  which  must 
favor  the  ciliary  movement  and  facilitate  the  expulsion  of  the  mucus. 
The  essential  point  is  the  addition  of  fluid  in  a  form  which  is  agreeable 
and  comfortable  for  the  patient.  These  salts  are  also  the  best  con- 
stituents to  be  added  to  waters  for  inhalation,  and  they  owe  part  of 
their  present  reputation  to  that  method  of  use. 

One  accomplishes  the  same  by  drinking  medicinal  teas  as  by 
drinking  alkaline  waters,  and  in  chronic  conditions  this  is  by  far  the 
most  useful  means  to  be  employed  in  ordinary  practice. 

In  former  times  a  number  of  different  kinds  of  medicinal  teas, 
which  even  now  should  be  known  to  every  physician  as  good  house- 
hold remedies,  enjoyed  considerable  repute:  Radix  pimpinella?, 
Fructus  anisi  vulgaris,  Fructus  anisi  stellati,  Fructus  phellandrii;  of 
these,  the  species  pectorales  (Althsea,  Glycyrrhiza,  R,hiz.  irid.  florent., 
Fol.  farfarae,  Fol.  verbasci,  Fructus  anisi  stellati),  the  justly  popular 
chest-teas,  are  still  much  used. 

It  is  a  matter  of  common  experience  that  cough  is  relieved  by 
the  actien  of  a  mucilaginous  medicament  on  the  throat.  These 
means  can,  of  course,  be  really  of  use  only  in  cases  where  the  throat 
is  in  a  condition  of  irritation.  Under  such  circumstances,  the  succus 
liquirit.,  decoctum  althseae  [Flaxseed  tea  flavored  with  lemon;  hot 
water  with  some  spirits  for  the  aged. — Ed.],  and  all  the  numerous 
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couti;h  syrups  which  arc  so  hi.nhly  prized,  have  a  decidedly  soothing 
iiifhience.  If  one  adds  to  them  a  trace  of  niorphin,  the  sedative 
infkieiice  is  naturally  much  greater,  but  the  medication  is  also  quite 
different. 

We  have  now  quite  a  considerable  number  of  internal  remedies 
which  really  act  on  the  bronchi,  either  directly  or  indii'ectl}-,  and  we 
can  say  that  the  results  must  be  due  to  an  influence  on  the  nerves, 
and,  through  them,  on  the  secretion  and  circulation.  Elach  drug  has, 
however,  its  peculiar  and  complex  influence,  so  that  almost  every  one 
must  be  classed  under  more  than  one  heading,  for  instance : 

1.  Medicines  wliich  act  on  the  respiratory  center:  (a)  Sedative: 
opiates  and  hydrocyanic  acid.  (6)  Stimulating:  belladonna,  strych- 
nin, ammonia,  ipecacuanha,  and  senega. 

2.  j\ledicines  which  influence  the  activity  of  the  glands :  (a)  Seda- 
tive :  acids,  belladonna,  senega,  and  squills,  (h)  Stimulating :  alkalies, 
pilocarpin,  apomorphin,  ipecacuanha,  and  tartarus  stibiatus  (red 
antimony)  or  tartar  emetic. 

The  iDest  we  can  do  is  to  form  natural  groups,  as  far  as  possible, 
and  discuss  the  various  medicines  in  them. 

A  group  wliich  is  always  named  in  the  first  rank,  but  is  very  badly 
constructed,  is  the  group  of  expectorants.  An  expectorant  is  a 
medicine  which  facilitates  expectoration;  hence  the  most  various 
medicines  may  be  included  in  this  group;  nothing  is  more  arbitrary 
than  the  term  expectorant.  Niemeyer  says  that  morphin  is  the 
best  expectorant,  and,  under  certain  circumstances,  he  is  right.  In 
conditions  of  collapse,  camphor  and  digitalis  are  expectorants.  Reput- 
able pharmacologists,  however,  include  only  the  following  drugs: 
ammonia  preparations;  antimony  compounds;  saponin  preparations; 
apomorphin ;  ipecacuanha  (Schmiedeberg) ;  to  which  are  often  added 
the  simple  salts  (common  salt  and  potassium  chlorate) ;  the  ingre- 
dients of  chest  tea  (semini  foeniculi,  phellandrii  anisi) ;  and  balsamic 
preparations  (balsam  of  Peru,  asafetida,  galbanum — Buchheim-Har- 
nack).  In  order  not  to  increase  endlessly  the  confusion,  I  will  adhere 
to  Schmiedeberg 's  classification. 

1.  Ammonia  preparations  have  a  stimulating  effect  on  the  spinal 
cord  and  on  the  medulla  oblongata,  and  as  small  amounts  of  ammonia 
are  excreted  in  the  bronchi,  they  may  favor  the  expulsion  of  fluid 
mucus  by.  the  irritation.*  According  to  my  experience,  these  medi- 
cines are  of  very  little  and  very  doubtful  value,  and  are  often  in- 
jurious and  objectionable. 

2.  Saponin  pi^eparations,  at  the  head  of  which  stands  senega, 
cause  irritation  of  the  throat  and  an  irritative  cough — so  much  is 
certain;  whether  they  increase  or  diminish  the  mucous  secretion  is 
doubtful,  as  we  have  authority  for  both  statements. t  They  are 
very  bad-tasting  medicines.     Unless  given  in   uselessly  large  doses 

*  So  Schmiedeberg  thinks. 

t  According  to  Schmiedeberg,  they  increase  the  secretion;  while  according  to 
Lauder  Brunton,  they  decrease  it. 
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they  do  no  injury,  and  occasionally,  when  there  are  many  mucous 
rales  in  the  chest,  a  certain  transitory  improvement  is  gained. 

3.  Antimony  compounds  (stibium  sulphuratum  aurantiacum, 
SbSj;  kermes  mineralis,  or  red  antimony,  a  mixture  that  contains 
three  parts  of  the  sulphid  of  antimony;  and  tartar  emetic,  dose  gr. 
-jlg-  to  ^)  lower  the  blood  pressure,  as  the  blood-vessels  are  dilated; 
the  heart  action  is  not  affected  by  therapeutic  doses.  The  expectorant 
action  is  directly  connected  with  the  nausea  and  merely  represents 
the  preliminary  stage  of  emesis ;  as  this  applies  equally  well  to  ipecac- 
uanha and  apomorphin,  these  together  form  a  natural  group  among 
the  expectorants.  The  stage  of  nausea  is  characterized  by  a  peculiar 
increase  in  the  secretion  of  mucus  and  saliva.  A  moderate  increase 
may  thus  be  maintained  for  a  long  time,  and  so  this  medicine  is  useful 
in  a  less  degree  than,  but  in  the  same  wa}^,  as  pilocarpin,  which  is 
nearly  related  to  this  group  of  expectorants,  and  which  I  regard  as 
the  best. 

In  ordinary  practice  ipecacuanha  is  preferred;  its  action  is  slow 
and  quite  uncertain,  and  it  is  entirely  without  danger. 

Apomorphin*  which  is  more  certain  in  its  action,  may  be  given 
as  an  expectorant  in  doses  of  0.05  (gr.  |) ;  this  may  be  rapidly  in- 
creased to  0.1  (gr.  1-|),  and  even  0.15  (gr.  2|),  three  times  a  day. 
Apomorphin  also  has  the  advantage  of  being  absorbed  when  given 
in  inunction.     It  may  be  advantageously  combined  with  morphin. 

[The  doses  in  the  text  are  excessive ;  for  adults  y^^-  of  a  grain  is  the 
usual  dose,  which  may  with  safety  be  increased  to  ^.  Ewart  gives 
gr.  gljy  hj^podermically  for  children. — Ed.] 

The  most  dangerous  and  most  certain  of  these  medicines  is  pilo- 
carpin; it  is  excellent  when  used  in  minimal  doses,  and  then  I  have 
never  experienced  any  injurious  effects  from  its  use  (0.0005  to  0.001 — 
about  gr.  ^yt  "^o  S^.  -^ — three  to  five  times  a  day).  All  these  medi- 
cines are  to  be  used  only  for  a  short  period  at  a  time,  for  after  a  few 
days  the  organism  becomes  accustomed  to  them  and  they  cease  to  act. 
Besides,  they  are  to  be  used  only  when  the  sputum  is  very  tenacious 
and  scanty;  hence  in  dry  catarrh  and  in  the  first  stages  of  acute 
catarrh.  They  can  also  be  used  for  a  short  time  in  chronic  catarrh, 
when  the  patients  complain  of  dry,  painful  cough.  I  consider  them 
superfluous  in  most  cases;  we  can  accomplish  quite  as  much  by  order- 
ing teas  and  alkaline  waters.  The  convenience  of  administration, 
however,  will  always  assure  them  a  large  following. 

Among  sedatives,  beUadonna,  hydrocyanic  acid,  and  morphin  are 
usually  mentioned,  but  the  last  is  really  the  only  one  which  is  certain 
in  its  action.  [Heroin  ahd  other  opium  preparations  also  have  their 
field  of  usefulness. — Ed.]  Belladonna  has  been  found  surprisingly 
useful  when  inhaled  with  the  spray.  Cocain  may  also  be  mentioned 
in  this  connection ;  its  effect  is,  however,,  due  to  a  local  influence  on 
the  irritable  zones  of  the  larynx  and  trachea,  hence  it  brings  about  a 
purely  symptomatic  alleviation  of  the  Adolent,  irritating  cough.     If 

*  The  drug  turns  green  when  exposed  to  the  air,  but  does  not  lose  its  efficacy. 
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we  should  give  belladonna  until  there  began  to  be  a  dn^ness  of  the 
throat,  the  patients  would  complain  most  bitterly.  After  the  use  of 
morphin,  the  secretion  becomes  scanty,  and  the  cough  more  trouble- 
some; this  is  the  case  wlien  we  give  too  large  doses,  but  if  minute 
doses  (0.001 — about  gr.  -^^ — at  most)  are  given,  such  complaints  are 
not  heard,  and  the  quieting  effect  (infrequent,  alleviated  cough  with 
abundant  expectoration)  is  surprising. 

Potassium  iodid  is  a  reliable  stimulating  remedy  for  the  mucous 
membranes  of  the  respiratory  tract.  It  is  excreted  in  small  amounts 
from  the  mucous  membranes  and  has  a  stimulating  effect  on  their 
secretion.  Hence  it  is  unquestionably  an  expectorant,  although  it 
is  not  usually  described  among  them.  Its  usefulness  is  very  uncertain 
and  varies  in  different  incUviduals.  The  good  effects  obtained  in 
asthma  do  not  justify  us  in  extending  its  use  to  cases  of  bronchitis. 
It  may  always  be  tried,  but  the  definite  and  rational  incUcations  for 
its  use  cannot  yet  be  given.  It  is  effective  only  by  way  of  favoring 
the  secretion;  pilocarpin  would  certainly  be  preferable. 

In  the  books  the  hahams  play  a  not  inconsiderable  part,  and  at 
the  head  of  these  stand  the  balsam  of  copaiba  and  turpentine.  [Tere- 
bene  and  oil  of  eucalyptus  may  be  added. — Ed.]  It  is  always 
asserted  that  they  have  the  effect  of  diminishing  the  secretion.  As  a 
matter  of  fact,  this  influence  is  one  of  the  most  imreliable,  and  can- 
not be  utilized.  It  is  certain  that  volatile  constituents  of  these 
bodies  are  excreted  M-ith  the  current  of  air.  Nothing  positive  is 
known  in  regard  to  their  influence  on  catarrh  of  the  respiratory 
tract;  and  as  these  drugs  have  unpleasant  effects,  I  have  dis- 
carded them  altogether.  Still  less  can  we  boast  of  the  results  ob- 
tained from  the  use  of  tar,  which  is  sometimes  recommended,  of 
balsam  of  Peru,  asafetida,  galbanum,  and  oil  of  eucah'ptol.  Limita- 
tion of  the  secretion  is  certainly  brought  about  by  the  use  of  atropin 
and  kindred  drugs,  and  therefore  these  ma}'  be  used  for  a  time  symp- 
tomatically,  but  no  healing  effect  is  to  be  expected  from  their  use. 
The  means  which  are  really  of  use  in  these  cases  are  cold  sponging, 
salt-water  baths,  and  inhalations. 

It  is  easily  seen  that  I  regard  the  usual  medicinal  treatment  of 
bronchitis  and  the  conditions  related  to  it  as  piu^e  empiricism;  but 
that  I  may  not  be  charged  with  expressing  only  one-sided  views,  I 
will  give  the  opinions  of  three  noted  authors,  one  German,  one  Eng- 
lish, and  one  French: 

Eichhorst  employs  for  increasing  the  secretion,  ammonium  mm'iate 
with  succus  liquidus;  apomorphin;  ipecacuanha;  and,  most  of  aU, 
potassium  iodid.  Among  remedies  that  assist  the  mechanical  expul- 
sion of  the  secretion,  he  praises  ipecacuanha,  stibium  sulphuratum 
aurantiacum  (red  antimony),  and  decoctum  senegae  with  liquor 
ammonii  anisatus. 

Fothergill  distinguishes : 

Relaxing  expectorants:  tartarus  stibiatus  (red  antimon}');  aconite, 
potassium  iodid,  ammonium  acetate,  ipecacuanha ;  and  assumes  that 
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they  dilate  the  blood-vessels  of  the  body  and  by  this  means  relieve 
the  distention  and  swelling  of  the  bronchi  and  stimulate  their  secretion. 

Stimulating  expectorants:  squills,  strychnin,  ammoniac,  bella- 
donna, senega,  and  benzoin.  ' '  Never  give  squills  until  the  skin  is 
moist  and  the  mucus  is  loose,"  says  an  old  book  on  practice.  They 
act  as  stimulants  on  the  respiratory  center;  so  he  says  of  strychnin 
that  it  is  useful  in  acute  bronchitis,  when  the  expectoration  is  difficult; 
in  chronic  bronchitis  it  facilitates  the  laboring  respiration,  and  when 
the  right  ventricle  is  dilated,  it  increases  the  effectiveness  of  digitalis. 

Ferrand  says:  ''The  remedies  which  are  designed  to  favor  the 
expulsion  of  the  secreted  product  are  called  expectorants."*  Most 
of  these  are  capable  of  influencing  these  products,  of  making  them 
more  fluid,  and  of  exciting  contractions  either  of  the  bronchial  muscles 
or  of  the  strong  auxiliary  muscles  of  expiration.  Among  the  former 
he  includes  acidulous  beverages  fruit  bonbons,  nitrate  of  sodium  and 
potassium,  polygala,  squills,  gummi  ammoniacum,  jaborandi;  among 
the  latter,  the  emetics  and  nauseating  drugs.  He  also  claims  to 
influence  the  mucous  membrane  so  that  it  stops  pouring  out  a  super- 
abundance of  secretion  into  the  bronchi,  and  he  expects  this  result 
from  the  use  of  the  balsams,  the  sulphur  preparations,  and,  finally, 
from  the  preparations  of  antimony  (kermes  mineralis,  sulphurated 
antimony,  and  tartarus  stibiatus).  Of  potassium  iodid  he  says  that 
it  passes  through  the  superficial  portions  of  the  mucous  membrane 
and  produces  a  slight  modification  of  the  catarrhal  secretion,  which 
changes  the  mucosa  of  the  bronchi  and  makes  it  less  sensitive  to 
external  influences;  it  also  makes  it  less  fitted  to  remain  relatively 
dr}^  The  antimony  preparations  act  in  a  similar  way.  After  learn- 
ing that  they  limit  the  secretion,  we  are  now  told  that  they  in- 
crease it! 

There  are,  unfortunately,  cases  enough  in  which  the  cough  is  so 
annoying  that  it  becomes  necessary  to  use  remedies  that  lower  the 
irritahiUty  of  the  nerve-centers;  this  is  best  done  by  opium  and  mor- 
phin  or  heroin,  but  chloral  and  almond  water  may  also  be  tried.  In 
many  cases,  in  spite  of  the  external  quieting,  these  remedies  cause  a 
marked  degree  of  cyanosis ;  I  would  advise,  according  to  the  proposi- 
tion of  Davies,  that  before  their  use  0.05  (gr.  |)  extract  of  belladonna 
be  dissolved  in  15  c.c.  of  distilled  water  and  inhaled. 

If  the  mucus  accumulates  to  such  a  degree  that  it  must  be  removed 
at  any  price,  a  few  doses  of  one  of  the  above-mentioned  emetics  may 
be  given.  If  the  mucus  accumulates  again,  after  it  has  been  re- 
moved by  an  emetic,  it  is  a  serious  warning  not  to  continue  the  treat- 
ment, but  rather  to  stimulate  and  strengthen  the  cardiac  and  respira- 
tory nerves  by  cold  sponging  and  cold  shower-baths;  in  very  bad 
eases,  wine  and  camphor  may  be  taken  internally,  but  no  emetics 
should  be  given. 

As  a  therapeutic  curiosity,  the  knowledge  of  which  I  owe  to  Fother- 
gill,  I  will  mention  the  use  of  strychnin.  He  calls  attention  to  the 
*  No  author  has  hitherto  been  able  to  give  us  a  better  definition. 
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fact  that  cases  of  dyspnea,  which  occur  so  frequently  at  night  in  old 
bronchial  catarrhs,  are  the  C()ns(H[uence  either  of  insufficient  heart 
action  or  of  insufficient  irritability  of  the  respiratory  center.  In 
deep  sleep  the  breatliing  in  these  cases  becomes  so  weak  that  the  blood 
becomes  loaded  with  carbonic  acid,  and  when  this  reaches  a  certain 
point,  the  attack  of  dyspnea  comes  on.  As  soon  as  the  blood  is 
purged  of  the  carbonic  acid,  the  patient  sinks  into  a  quiet  sleep; 
but  if  the  right  ventricle  suffers,  the  attack  is  not  so  quickly  relieved, 
and  may  last  for  some  time.  For  the  first  case,  strychnin  as  a  "res- 
piratory stimulant  "  is  the  right  remedy  to  use  I  quote  this  pas- 
sage in  extenso  because  I  do  not  wish  to  criticize  it,  but  consider 
that  the  collection  of  further  therapeutic  observations  is  necessary. 
Duncan  has  described  a  case  of  very  marked  expiratory  dyspnea, 
which  was  wonderfully  improved  by  the  use  of  pills  containing  nux 
vomica  0.03  (gr.  ^)  and  ipecacuanha  0.06  (gr.  j).* 

If  I  have  occasionally  indulged  in  disparaging  remarks  about  these 
remedies  hitherto  mentioned,  I  may  say  in  regard  to  the  follo^^dng 
group  that  I  consider  all  its  members  wholl}^  objectionable.  These 
are  the  astringents,  at  the  head  of  which  stand  tannin  and  lead. 

It  is  interesting  that  bleeding  is  now  and  then  recommended  in 
the  treatment  of  bronchitis.  Fothergill  mentions  a  case  as  a  curi- 
osity. Ferrand,  however,  gives  it  a  decided  encomium :  "  Vene- 
section (in  inflammatory  bronchitis)  is  a  powerful  remedy  and, 
if  not  absolutely  counterindicated  by  the  general  condition,  may 
have  a  wonderful  influence.  It  reduces  the  beginning  stasis,  lowers 
the  blood  pressure  (?),  and,  by  making  room  in  the  chest  for  the  en- 
trance of  air  (?),  favors  the  process  of  hematosis."  I  believe  myseK 
that  such  a  powerful  remedy  ^^'ill,  under  certain  circumstances,  exert 
a  very  decided  influence;  iDut  under  what  circumstances  will  that 
influence  be  curative? 

[In  acute  suffocative  bronchitis,  "if  the  case  do  not  improve  it  is 
rapidly  deteriorating,  and  at  any  moment,  owing  to  progressive  con- 
gestion of  the  heart,  exhaustion  may  set  in.  Our  duty  is  to  apply 
the  onl}^  adequate  remedy,  venesection,  without  waiting  for  the  mani- 
festations of  extreme  cyanosis,  cold  sweats,  jactitation,  and  fluttering 
pulse."  The  removal  of  8  to  10  ounces  from  the  external  jugular 
vein  is  advised  (Ewart). — Ed.] 

Just  as  little  as  for  bleeding  has  any  useful  indication  for  the 
inhalation  of  oxygen  been  presented,  although  some  wonderful  results 
have  been  reported  from  its  use. 

After  all  the  remedies  mentioned,  I  \\\\\  now  speak  of  the  hydri- 
atric  method,  which  is  the  best  and  most  effective  of  all.  According 
to  my  experience,  every  form  of  bronchitis  is  favorably  influenced ; 
and  if  it  does  not  cure,  then  either  other  methods  do  not,  or  else  we 
have  before  us  a  special  form,  which  needs  special  therapeutic 
measures.  The  simplest  form  in  which  cold  water  is  here  to  be 
used  is  a  Priessnitz  corn-press,  which  may  be  made  large  enough  to 

*  Dublin  Quarterly  Journal,  1S60. 
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envelop  the  whole  thorax.  The  frequency  with  which  this  is  to  be 
changed  must  be  regulated  by  the  physician,  after  due  consideration 
of  the  patient's  strength  and  the, urgency  of  the  indications. 

Next  in  simplicity  are  cold  affusions,  the  patient  standing  or  sitting 
in  lukewarm  water;  they  play  the  first  role  in  pediatric  practice  on 
account  of  the  ease  and  convenience  of  administration.  This  is 
therefore  the  best  method  to  use  in  the  capillary  bronchitis  of  children.* 
It  replaces  in  this  disease  almost  all  other  applications  that  are 
found  in  the  writings  of  the  older  physicians  in  even  greater  profusion 
than  in  the  works  cited  in  the  bibliography  of  this  article,  which  give 
only  a  faint  idea  of  all  that  such  children  had  to  submit  to  in  former 
times. 

As  the  third  method,  may  be  named  the  cold  wet  pack,  which  is 
the  best  for  nervous  and  excitable  patients.  In  the  case  of  vigorous 
individuals  cold  rubs  or  the  cold  douche  is  the  most  energetic  and 
the  best  method  of  applying  water. 

In  special  cases  we  can  make  use  of  loarm  baths  or  even  of  vapor , 
baths.  In  the  very  early  stages  of  acute  bronchitis,  vapor  baths, 
with  subsequent  sweating,  may  be  a  very  advantageous  introductory 
treatment;  in  the  chronic  forms,  on  the  other  hand,  warm  baths  of 
long  duration  are  decidedly  better.  I  must  confess  that  I  consider 
hydrotherapy  the  method  which,  if  rightly  applied,  will  accomplish 
the  greatest  amount  of  good  in  all  cases,  and  only  in  very  extreme 
cases  will  it  be  necessary  to  call  to  our  assistance  for  a  time  the  stimu- 
lating or  sedative  medicines. 

Local  Applications. — Besides  the  simple  application  of  water,  the 

*  From  a  distinguished  French  work  of  very  recent  date  I  extract  the  following 
quotation  on  the  treatment  of  the  bronchitis  of  children,  in  order  to  Avarn  most 
seriously  against  such  therapy:  In  the  severe  form  one  should  at  first  give  quinin 
sulphate  or  antipyrin.  In  very  young  children  these  remedies  may  be  given  in  the 
form  of  an  enema  or  in  an  inunction  (in  the  axilla !) ;  then  revulsives  will  be  used.  Mus- 
tard plasters  are  used  alternately  with  turpentine  liniment.  When  it  is  necessary, 
we  should  use  expectorants,  ipecacuanha,  kermes,  ammonium  acetate  or  beiizoate, 
apomorphin.  (A  long  encomium  and  direction  for  its  use  follow.)  When  the  chil- 
dren are  older  than  five  years,  one  can  give  the  sedative  remedies  in  small  doses. 
Caffein  in  subcutaneous  injections,  0.05  (gr.  f)  daily,  divided  into  several  doses,  is  of 
good  service  in  children  of  one  year,  when  the  catarrh  threatens  to  change  into  a 
capillary  bronchitis. 

The  treatment  of  true  capillary  bronchitis  I  shall  also  reproduce  for  the  bene- 
fit of  the  friends  of  polypharmacy;  I  consider  it,  of  course,  as  bad  and  as  im- 
proper as  the  preceding :  The  feet  are  packed  in  cotton  and  gum-taffeta  and  sinapisms 
or  dry  cups  are  applied  to  the  chest.  Every  hour  a  spoonful  of  the  following 
mixture  is  given:  Ammonium  acetate,  0.5  to  1.0  gm.  (gr.  viiss  to  xv) ;  syrup, 
codeini,  10  to  30  c.c.  (f^iij  to  f.^j);  tincture  of  aconite,  gtt.  xv;  potio  gummosa, 
100  c.c.  (f3iij).  If  the  case  is  severe,  a  lukewarm  mustard  bath  should  be  given 
for  five  minutes.  One  can  give  an  emetic,  but  it  should  not  be  repeated.  If  the 
disease  is  fully  developed,  then  we  should  lay  an  epispastic  for  three  hours  on  that 
part  of  the  chest  where  auscultation  shows  the  greatest  changes ;  this  is  covered  with 
a  dressing  of  cotton  and  borated  vaselin,  on  the  top  of  which  a  paste  of  potato  meal  is 
applied.  One  can  after  two  days  repeat  the  epispastic.  Increasing  weakness  calls 
for  coffee  or  champagne  with  water  or  alcohol  (this  is  really  a  good  measure).  If  the 
patient  is  delirious,  then  we  give  him  an  enema  of  chloral,  1.0  (gr.  xv) ;  tr.  moschi, 
gtt.  XX ;  tr.  valerian,  gtt.  xx;  the  yolk  of  one  egg;  and  water,  150  c.c.  (f.^v).  To 
regulate  the  temperature  and  circulation  we  can  give  each  morning  0.15  (gr.  2^)  of 
quinin  sulphate.  Against  oliguria  (consequence  of  the  asphyxia  and  cause  of  the 
increase  of  the  bronchial  affection)  we  should  use  powder  of  digitalis. 
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external  ^^kin  has  been  treated  in  other  ways  for  this  affection:  The 
most  varied  poultices,  j)aintings,  and  inunctions  have  been  used.  If  we 
read  the  book  of  Ferrand,  we  see  what  an  important  role  the  French 
assign  to  these  measures ;  dry  and  wet  cups,  vesicants,  alcoholic  and 
ammoniacal  inunctions,  painting  with  tincture  of  iodin,  large  mustai-cl 
plasters,  are  recommended  one  after  another  and  highly  lauded.  Tlu? 
milder  of  these  means  may  often  be  necessary,  especially  when  the 
authority  of  the  physician  needs  for  its  support  the  continual  occupa- 
tion of  the  patient.  Poultices  must  be  employed  with  great  caution ;  I 
have  seen  their  use  followed  by  unpleasant  burns  in  old  persons;  and, 
besides,  they  are  hea\'y  and  troublesome.  I  believe  that  a  good 
Priessnitz  compress  with  wax  paper  [or  rubber  cloth]  best  satisfies 
all  reasonable  demands.  To  carry  the  irritation  of  the  skin  further 
than  the  formation  of  a  small,  recognizable  miliary  eruption,  which 
can  be  produced  by  the  diligent  use  of  water  applications,  I  consider 
superfluous,  and  objectionable  on  scientific  grounds.  Nevertheless 
there  are  physicians  and  patients  who  are  enraptured  with  tartar 
emetic  ointment  and  with  croton  oil  liniment.  When  a  fine  pustular 
eruption  covers  the  chest,  they  have  at  least  something  to  look  at, 
and  the  patient  will  not  worry  about  the  lack  of  treatment.  That 
there  are  people  w^ho  must  be  treated  in  this  way  is  undeniable; 
and  we  are  often  forced  to  employ  measures  w'hich  are  practically 
excellent  but  scientifically  worthless. 

A  quite  decided  and  curative  indication  will  often  be  fulfilled 
in  acute  cases  if .  we  can  succeed  in  getting  the  patient  into  a  per- 
spiration. Copious  drafts  of  hot  tea  prepared  by  the  skilful  house- 
wife from  the  juice  of  the  black  currant  [box-berry],  and  plenty  of 
blankets,  will  easily  accomplish  this  object  without  resorting  to  the 
use  of  medicines.  The  bath  proposed  by  James  Simpson  does  not 
seem  to  me  bad  under  simple  conditions:  A  number  of  soda-water 
flasks  are  filled  with  hot  w^ater  and  well  corked.  Stockings  are 
wrung  out  of  hot  water  and  drawn  over  the  flasks,  then  these  are 
placed  around  the  patient  and  between  his  legs,  and  he  is  well  covered. 
He  soon  finds  himself  in  a  kind  of  vapor  bath  and  begins  to  sweat. 

Inhalations. — Judging  from  my  own  experience,  inhalations  are 
next  in  value  to  the  hydrctherapeutic  measures.  Even  the  simple 
inhalation  of  w^arm  water  vapor  from  a  tea-kettle  is  extremely  grateful 
to  the  patient,  but  the  proper  way  is  to  use  the  old'  (Siegle's)  inhaler, 
mth  ph3'siologic  saline  solution  for  the  fluid.  The  older  and  more 
chronic  the  cases,  the  less  will  be  accomplished  by  inhalation,  but  it  is 
always  a  useful  measure.  When  there  is  dry  cough  and  marked 
swelling  of  the  mucosa  in  acute  cases,  it  not  infrequently  checks  the 
progress  of  the  disease.  To  increase  the  efficacy  of  this  method  innu- 
merable inhalation  fluids  have  been  recommended;  beginning  with 
Ems  water,  we  find  all  imaginable  recommendations.  Alkalies  in  the 
most  varied  concentration,  ^^dth  the  addition  of  extract  of  belladonna 
and  cocain  in  proper  dilution,  to  allay  irritation,  seem  to  me  at  times 
quite  efficacious.     [Inhalations  of  the  vapor  arising  from  hot  water 

10 
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(Oj)  to  which  turpentine  (two  drops),  tincture  of  benzoin  (5j),  or  creo- 
sote (gtt.  j-ij)  are  added. — Ed.]  As  a  rule,  I  gain  the  desired  results 
with  the  sahne  solution  alone;  it  quiets  the  cough,  relieves  the  pain, 
and  checks  the  mucous  discharge.  The  inhalations  would  win  greater 
respect  if  they  were  used  in  the  earlier  stages  and  not  in  the  old  and 
protracted  cases  which  demand  from  them  what  no  medicine  is  able 
to  accomplish.  In  all  severe  and  older  cases  the  inhalations  should 
be  used  more  frequently  and  for  a  longer  time ;  every  two  hours,  and 
ten  minutes  at  a  time,  is  not  too  much.*  The  inhalation  method 
has  been  considerably  advanced  by  the  introduction  of  ca6mete,t 
in  which  the  whole  atmosphere  of  the  room  is  filled  with  a  very  finely 
divided  aqueous  vapor;  the  patient  practically  breathes  in  a  mist. 
These  minute  particles  of  water  unquestionably  reach  the  bronchioles 
and  alveoli.  However,  observations  on  the  results  of  their  use  are 
lacking.  [See  Ringer  and  Murrell.  Inhalations  from  steam  atom- 
izers of  tar,  and  wine  of  ipecacuanha  are  of  great  service. — Ed.] 

Inhalations  gained  a  certain  temporary  popularity  thanks  to 
Waldenhurg's  apparatus.  He  recommends  consecutive  inhalations  of 
very  slightly  concentrated  air  (increase  of  -^^  atmosphere).  We  still  see 
the  method  used  in  some  places, — for  instance,  at  Ems, — but  it  has 
almost  disappeared  from  ordinary  practice.  We  have  no  longer  the 
slightest  doubt  that  in  this  method  the  higher  pressure  of  the  air  has 
nothing  at  all  to  do  with  the  results,  for  improvements  occur  often 
enough  to  make  the  method  appear  worthy  of  respect;  it  is  really 
only  a  form  of  respiratory  gymnastics,  and  the  method  should  be 
replaced  by  simpler  and  more  effective  gymnastic  exercises.  For  a 
time  it  became  so  fashionable  that  the  most  detailed  investigations  are 
found  in  the  literature.  If  any  one  is  interested  in  these  almost 
worthless  matters,  J  he  will  find  them  in  Riegel's  writings. 

Respiratory  gymnastics  are  best  carried  on  where  the  air  is  pure 
and  entirely  free  from  dust,  as  in  the  forest  or  at  the  seashore.  Cer- 
tain motions  of  the  arms  with  and  without  dumb-bells  or  a  staff,  deep 
inspirations,  and  very  long  and  systematic  expirations  will  prove 
effective  and  healthful  measures  to  any  one  who''  carries  them  out 
with  patience  and  persistence. 

After  a  thorough  analysis,  my  treatment  of  broncho-catarrh  will 
be  found  extremely  simple. 

In  acute  bronchitis :  In  the  ordinar}^  cases,  inhalation  of  nebulized 
physiologic  saline  solution,  and  at  the  beginning  some  pilocarpin; 
later  a  mild  narcotic  if  the  cough  is  painful,  and  Priessnitz's  compress 
around  the  throat  and  chest,  changed  at  short  intervals  or  used  only 
at  night.  In  severe  cases,  especially  in  the  capillary  forms  and  in 
children,  active  hydrotherapeutic  measures  should  be  begun  immedi- 

*  Recently  a  so-called  Norwegian  apparatus  has  been  presented  with  no  small 
claims.     It  is  not  to  be  recommended. 

t  In  Ems  and  Dresden. 

1  Criticism  by  Josephs :  "  Wirkungslosigkeit  und  Nachtheile  der  transport- 
ablen  pneumatischen  Apparate  von  und  nach  Waldenburg,"  Hamburg,  1877. 
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ately.  In  conditions  of  weakness  \\'ine,  ether,  camphor,  and  beef-broth 
may  be  used.  In  the  ohl,  the  use  of  hych'othorapy  is  always  attended  by 
great  tUfficulties ;  in  these  cases  we  should  like  to  have  remedies  which 
we  couUl  trust.  Nevertheless  I  must  gi\'e  a  special  warning  against 
the  use  of  expectorants.  Priessnitz's  compresses,  changed  every  two 
hours,  wine,  and,  if  the  night's  rest  is  interrupted,  opiates  are  the 
best  treatment  for  them.  If  the  conditions  permit  it,  a  warm  bath 
t^^^ce  a  week,  with  cooling  douche,  has  a  very  refreshing  effect. 

In  chronic  bronchial  catarrh  the  therapeutic  indications  are  much 
less  definite  than  in  the  acute,  and  in  these  cases  it  is  often  necessary 
to  try  cUfferent  methods.  A  hydrotherapeutic  measure  adapted  to 
the  individual  case  is,  in  my  opinion,  the  best  of  all  methods;  this 
may  be  combined  with  the  use  of  alkaline  or  sulphur  waters  in  large 
amomits.  The  attempt  to  bring  about  further  improA'ement  by 
sencUng  the  patient  to  a  watering-place  is  always  to  be  urgently 
recommended  in  summer  and  under  favorable  circumstances.  The 
mere  sojourn  in  the  countr}^  Ls  decidedly  helpful  in  man)^  cases.* 

If  a  constitutional  anomaly  exists,  it  must  of  course  be  attended 
to  first;  but  it  is  not  ad\isable  to  treat  a  case  of  broncliitis  in  a  syphi- 
litic subject  with  iodin  or  mercury,  unless  ulcerations  are  present  in 
the  bronchi,  or  infiltrations  in  the  lungs.  The  use  of  iodin  is  rather 
apt  to  produce  the  catarrh  and  to  make  it  more  persistent.  For  these 
forms,  the  best  means  of  relief  are  pure,  fresh  air,  a  mild  climate,  and 
the  use  of  the  inhalation  cabinet  recently  adopted  at  Ems  and  Dresden. 

When  the  air-passages  are  affected  by  some  external  injury,  the 
first  obvious  indication  is  the  removal  of  the  cause,  as  has  been  men- 
tioned. Conditions  interfering  with  nasal  respiration  require  especial 
attention,  and  the  patient  should  consult  a  specialist  in  regard  to 
the  ad^isability  of  operative  interference. 

Those  in  whom  there  is  an  injury  to  the  circulation  may  expect 
the  greatest  benefit  from  the  use  of  tonics  and  cardiac  stimulants. 
They  should  take  digitalis  from  time  to  time,  exercise  freely  in  the 
open  air  ^mountain  climbing),  and  exert  themselves  other^\ise  in 
g}'mnastic  exercises,  especially  in  lung  g^-mnastics  and  in  respiratory 
exercises ;  they  should  also  sponge  the  chest  and  the  whole  body  T^ith 
cold  water. 

The  corpulent  are  also  subject  to  catarrh  on  account  of  insufficient 
circulation.  Here  the  treatment  of  the  obesity  is  to  be  taken  directly 
into  account,  in  addition  to  respiratory  and  cardiac  gymnastics. t 

The  catarrh  of  inebriates  occupies  an  especial  place,  in  so  far  as 
it  is  always  dependent  on  circulatory  disturbances;  the  measures 
just  recommended  are  therefore  to  be  especially  considered  in  this 
condition.  In  doing  so  the  constitution  is  to  be  regarded  and  the 
abuse  of  alcoholic  beverages  replaced  by  a  reasonable  indulgence. 
These  indications  can  be  satisfied  best  by  a  sojourn  at  the  seashore. 
But   aside  from   the   cases   of   inebriates,  the   indications   are   not 

*  Consult  Greenow  on  chronic  bronchitis. — Ed. 

t  See  Anders:  "  Obesitj-  and  Bronchitis,"  Penna.  Med.  Jour.,  Feb.,  1902.' 
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always  simple,  and  it  often  becomes  necessary  to  supplement  or 
assist  the  treatment  by  a  stay  at  one  of  the  different  health  resorts. 
The  above  material,  learned  from  experience,  mil  serve  for  general 
principles. 

The  forms  that  coexist  with  other  diseases  of  the  lungs  may 
present  peculiar  difficulties  on  account  of  the  reciprocal  effect  of  the 
two  diseases  on  each  other ;  the  bronchitis,  on  the  one  hand,  increasing 
the  severity  of  the  lung  disease,  and,  on  the  other,  being  itself  aggra- 
vated by  the  pulmonary  affection.  In  these  cases  it  is  the  lung 
diseases  that  should  be  treated.  It  is  true  that  in  emphysema  we 
are  inclined  to  treat  the  bronchial  catarrh  because  it  seems  easier  to 
attack  than  the  emphysema,  which  quite  commonly  depends  on  the 
catarrh  and  is  directly  caused  by  it  Nevertheless  the  treatment  of 
the  accompanjdng  bronchitis  is  of  far  less  value  in  emphysema  than 
the  treatment  of  the  emphysema  itself,  which  will  be  considered  in 
another  place. 

[The  simplicity  of  the  author's  treatment  of  bronchitis  cannot 
fail  to  appeal  to  every  one.  Certainly  no  safer,  more  rational,  or 
agreeable  method,  and  one  more  effectual,  can  be  carried  out,  as  any 
one  with  practical  experience  will  testify.  Unfortunately  there  are 
cases  and  cases.  To  the  lay  mind  the  larger  proportion  of  cases  do  not 
require  so-called  coddling  treatment,  hydrotherap)',  etc.  The  Amer- 
ican laborer  and  business  man  will  not  stop  work  for  that  which  they 
deem  a  minor  ailment,  although  they  may  experience  the  contrary. 

We  see  cases 
I.  Beginning  A\ith  an  acute  "cold,"  coryza  and  perhaps  pha- 
ryngitis, with  general  symptoms  of  malaise,  fever,  and  headache  and 
muscular  pains.     Experience  has  taught  these  patients  that  a  bron- 
chitis is  likely  to  follow  if  the  "  cold  "  is  not  aborted. 

II.  Cases  with  laryngitis  which  rapidly  extends  to  the  trachea 
and  bronchi. 

III.  Primary  acute  bronchitis. 

The  first  class  of  cases  is  to  be  treated  like  acute  coryza  with 
general  measures,  as  recommended  by  the  distinguished  author; 
with  a  brisk  hydragogue  cathartic,  as  elaterium,  if  the  patient  is 
robust;  or  \vith  a  full  dose  of  Dover's  powder  at  bed-time,  and  a 
hot  foot-bath.  It  is  in  these  cases  that  Bulkley  reconmiends  20 
grains  of  bicarbonate  of  soda  in  half  a  glass  of  water  every  fifteen 
minutes  for  two  or  three  hours.  Others  recommend  small  doses  of 
aconite,  a  remedy  I  never  employ.  More  effective  are  camphor  and 
belladonna.  Some  one  of  the  follo'^dng  prescriptions  wdll  meet  the 
indications  presented  by  individuals.  If  there  is  much  headache 
and  frontal  pain,  the  first  may  be  employed. 

R .     Camphor gr.  j  0.06 

Extract  of  belladonna   gr.  j-iss   0.06-0.09 

Quinin  sulphate gr.  j-ij      0.06-0.12 

Morphiii  sulphate gr.  tet        0.0015.  M. 

Ft.  Caps.  No.  j.     Directions:  One  every  half  hour  for  four  doses;  then  one 
every  three  hours. 
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If  the  skin  is  hot  and  dry  and  there  is  restlessness,  one  grain  of 
Dover's  powder  may  be  substituted  for  the  niori)hin.  If  the  jxitient 
is  robust  and  the  hcathiche  intense,  aeetanihd,  grain  j  to  ij  (0.06  to 
0.12),  may  be  given  with  the  ingredients  of  the  first  prescription. 
It  is  obvious  that  these  remedies  are  to  be  given  in  the  late  after- 
noon or  evening  when  the  patient  is  confined  to  the  house. 

In  addition,  the  usual  antiseptic  washes  which  relieve  the  con- 
gested nostrils  ma}^  be  employed,  as  boric  or  carbolic  acid  lotions, 
alkaline  lotions,  cocain  carefully,  or  suprarenal  extract. 

In  the  second  instance  we  must  abort  or  assuage  symptoms  by 
the  general  methods  which  the  author  recommends,  to  which  I  add 
the  cold  throat  compress  at  night,  the  use  of  inhalations  of  the 
vapor  of  compound  tincture  of  benzoin  in  hot  water,  or  of  carbolic 
acid  in  hot  water,  using  an  inhaling  bottle  for  the  latter.  Here, 
again,  a  purgative  and  a  diaphoretic  are  timely. 

In  the  tliird  class  of  cases  we  are  guided  by  the  arbitrary  division 
of  the  dr}^  and  moist  stage  of  the  bronchial  catarrh  as  indicated  by 
the  expectoration.  In  the  first  stage,  in  addition  to  measures  recom- 
mended by  the  author,  or,  in  their  stead,  if  they  cannot  be  employed, 
we  are  accustomed  to  use  the  following  combination: 

If  the  patient  is  going  about,  suffering  with  myalgia,  chest  oppres- 
sion, tight  cough,  often  harassing,  we  may  select,  first — 

R .     Quinin  sulphate gr.  j-ij  0.06-0.12 

Dover's  powder gr.  j  0.06 

Acetanilid gr.  j  0.06 

Or— 

Salicin gr.  j  0.06. 

Caps.  No.  j.     Directions:  Two  at  once,  two  in  two  hours,  and  one  every  tliree 
hours. 

Or— 

R .     Mist,  potas.  citrat. 

One  tablespoonful  every  two  hours. 

Or— 

R .     Potassium  iodid gr.  xlv         3.0 

Wine  of  ipecac 3  iJ  10.0 

Brown  mixture q.  s.  ^iij  100.0.  M. 

Directions :  One  teaspoonful  every  two^or  tliree  hours. 

If  the  cough  is  harassing,  gV  to  -jij  (0-002  to  0.005)  grain  of  heroin 
may  be  added  to  the  dose  in  any  combination. 

Though  nauseating,  it  is  sometimes  necessary  to  use  the  following 
before  relief  is  given  to  the  cough  and  oppression: 

R  .     Syrup  of  ipecac 

Syrup  of  sanguinaria 

Syrup  of  squills     aa  3  ij  10.0 

SjTup  of  wild  cherry q.  s.  ,^  ij  60.0.  M. 

Directions  :  One-half  to  one  teaspoonful  every  two  or  three  hours. 

In  the  treatment  of  the  next  stage  we  differ  in  some  respects  from 
the  author  in  that  we  find  chlorid  of  ammonia,  terpin  hydrate,  tere- 
bene,  and  tar  preparations,  singly  or  combined,  of  much  value.    Thus: 
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li  .     Ammonia  chlorid 3  j  4.00 

Terpin  hydrate    3  j  4.00 

Dover's  powder gr.  xxiv  1.50 

Or— 

Heroin gr.  ss  0.03. 

M.  ft.  caps.  No.  xxiv. 

SiG. — One  or  two  (according  to  age)  every  two  or  three  hours. 

If  the  cough  is  easy,  the  expectoration  free,  the  opiate  can  be  with- 
held. If  there  is  exhaustion,  digitahs  or  strychnin  may  be  employed 
in  suitable  doses.  Terebene  in  capsules  or  on  sugar  may  be  used. 
Tar  (pix)  in  doses  of  two  grains  may  replace  the  opiate  or  the  terpin 
hydrate.  Many  of  my  patients  keep  in  their  medicine  chests  the 
following : 

R  .     Ammonium  chlorid    3'j  4.0 

Wine  of  tar .^  iss  50.0 

Brown  mixture  .  . |iss  50.0.  M. 

SiG. — Two  teaspoonfuls  every  two  or  three  hours. 

Sometimes  iodid  of  potassium  is  added. 

It  is  remarkable  that  stimulants,  as  strychnin,  keep  up  blood 
pressure  and  arterial  congestion  and  thereby  aggravate  any  bron- 
chitis present.  Again,  we  are  justified  in  the  use  of  such  remedies 
if  venous  instead  of  arterial  hyperemia  appears  to  exist. — Ed.] 
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For  the  literature  up  to  1876  compare  Riegel  in  Ziemssen's  ''  Hand- 
buch."  The  latest  and  most  complete  collection  of  the  hterature  is 
found  in  the  monograph  by  West  on  "Plastic  Bronchitis  "  [and  the 
paper  by  Bettmann  in  the  "Am.  Jour,  of  Med  Sciences,"  Feb.,  1902. 
Bettmann  gives  all  the  references  since  Lebert's  article  in  1869.  It  is 
the  most  complete  paper  on  the  subject,  of  recent  date. — Ed.].  Here 
follow  the  later  communications  referred  to  by  me : 

LITERATURE. 

1877.  BernouilU :  "  Deutsches  Archiv  fiir  klin.  Medicin,"  Bd.  xx,  S.  363. 

1878.  Fraenkel:  "  Charite-Annalen,"  Bd.  v. 

—  Degener:  Schmidt's  "  Jahrbiicher,"  Bd  clxxix,  S.  168. 

1881.  Pramberger:  "  Fibrinose  Bronchitis,"  Graz. 

1882.  Jager:  "Khn.  Centralblatt." 

—  Mader:  "Wiener  med.  Wochenschr.,"  Nr.  11  ff. 

1883.  Wolf:  Dissertation,  Wiirzburg. 

—  Escherich:  "Deutsche  med.  Wochenschr.,"  Nr.  8. 

—  Vierordt:  "  BerUner  khn.  Wochenschr.,"  Nr.  29. 

—  Adserson:  "Virchow-Hirsch's  Jahresbericht,"  ii,  S.  643. 

1884.  MoUer:  "  Schmidt's  Jahrbiicher,"  Bd.  cciv,  S.  162. 
1885:  Mazzotti.  "Khn.  Centralblatt,"  S.  264. 

1886.  Sax:  "Klin.  Centralblatt,"  S.  614. 

—  Stark:  "Zur  Casuistik  der  Bronchitis  fibrinosa,"  "Berliner  Idin.  Wochenschr.," 

1886,  S.  221. 
1889.  Kisch:  "  Wiener  med.  Presse,"  Xr.  33. 
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1890.  Model :  "  Ueber  Bronchitis  fibrinosa,"  Dissertation  Freiburg. 

1891.  Roque:  "Klin.  Centralblatt,"  S.  489. 

1892.  R.  Koch:  "  PettTsburgfr  med.  Wochenschr.,"  S.  83. 

—  Hainpehi:  Ebentla,  S.  33(). 

1893.  Fritzschc:  "  Schmidt's  Jahrbiicher,"  Bd.  ccxxxvn,  S.  219. 

—  Beschorner:  "Ueber  chronische,  essentielle,  fibrinose  Bronchitis,"  "Volkmann's 

Samndunp,"  Nr.  73. 

—  Edgreen:  "  KHn.  Centralbhitt,"  S.  662. 

—  Duteiiil :  ibidem. 

1894.  Kedoroff :  Cited  in  "  Gazette  des  hop." 

1895.  Magniaux :  "  Rcchcrches  sur  la  bronchite  membraneuse  primitive,"  Paris. 

1900.  Ott:  "  Fibrinous  Bronchitis,"  "  Miinch.  Med.  Woch.,"  July  10. 

1901.  E.  R.  Lc  Count:  " Tracheobroncliial  Fibrinous  Cast,"  "Trans.  Chicago  Path. 
Soc,"  vol.  V,  Oct.  14. 

1902.  Bettmann:  "  Fibrinous  Bronchitis,"  "  Amer.  Journ.  Med.  Sci.,"  Feb. 

Membranous  and  fibrinous  exudates  are  formed  in  the  bronchi 
under  certain  circumstances,  and,  when  expelled  by  coughing,  are 
found  to  represent  casts  of  the  bronchi.  The  remarkable  appearance 
of  these  casts  attracted  the  attention  of  physicians  in  the  oldest 
times.  At  present  several  varieties  of  fibrinous  bronchitis  are  dis- 
tinguished, the  most  familiar  being  the  diphtheritic  and  the  pneu- 
monic forms.  Closely  allied  to  the  latter  are  certain  other  forms 
observed  in  the  acute  infectious  diseases,  and  characterized  by  the 
fact  that  extension  of  the  morbid  process  to  the  bronchial  mucous 
membrane  always  takes  place  by  continuity,  either  descending  from 
the  larynx  or  ascending  from  the  alveoli.  Primary  or  idiopathic 
fibrinous  bronchitis  has,  however,  been  observed  in  a  few  instances. 

The  difficulty  of  separating  this  from  the  other,  secondary  forms 
is  at  times  very  great.  Even  when  laryngeal  croup  spreads  down- 
ward and  brpnchial  coagula  are  expectorated,  the  laryngeal  symp- 
toms are  so  tremendous  that  the  bronchi  are  practically  forgotten, 
although  the  patient's  condition,  aside  from  the  laryngeal  affection, 
is  most  serious,  and  would  probably  terminate  fatally. 

Etiology. — The  cases  in  which  fibrinous  coagula,  either  ribbon- 
shaped  or  of  more  or  less  cylindric  form,  are  expectorated,  may  be 
divided  into  the  following  croups : 

1.  In  infectious  diseases,  among  which  may  be  named:  diphtheria, 
measles  (Jiiger),  tuberculosis,  variola,  erysipelas,  scarlatina  (Adser- 
son,  Moller),  typhoid  fever  (Eisenlohr,  Moller,  Svuque,  Mazzontti), 
bronchitis,  articular  rheumatism  (Degler),  pneumonia  (R.  Koch) 
[influenza  (Roque). — Ed.]. 

2.  Fibrinous  bronchitis  in  diseases  of  the  lungs  and  of  the  heart. 

3.  Fibrinous  bronchitis  due  to  the  effect  of  noxious  fluids  and 
vapors  on  the  surface  of  the  mucous  membranes. 

4.  A  toxic  form  after  taking  iodin  (Fritzsche). 

5.  A  so-called  primary  or  idiopathic  form;  that  is,  one  in  which 
the  etiology  is  not  known. 

In  the  cases  which  have  been  observed  during  or  after  infectious 
diseases,  it  is  a  question  whether  the  presence  of  the  infecting  germ 
on  the  mucous  membrane  of  the  bronchi  is  to  be  regarded  as  the 
cause  of  the  disease,  or  whether  some  other  factor  must  be  considered. 
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AVe  know  positively  of  two  bacilli  that  may  act  as  the  primary 
cause  of  fibrinous  broncliitis. 

1.  Primary .  fibrinous  broncliitis  is  known  to  be  caused  by  the 
pneumococcus;  at  least  it  presents  the  clinical  picture  of  a  true  fibrin- 
ous bronchitis.  The  pneumococcus  has,  it  is  true,  been  demonstrated 
in  many  cases  of  simple  purulent  bronchitis,  so  that  its  etiologic 
significance  in  the  production  of  fibrinous  exudates  is  not  altogether 
clear;  but  it  is  fair  to  assume  that  in  cases  in  which  it  is  the  principal 
or  only  micro-organism  present  the  fibrinous  form  of  bronchitis 
develops,  while  the  purulent  form  occurs  when  the  streptococcus  or 
some  other  cocci  predominate. 

The  observation  published  b}'  Magniaux  tells  of  an  eleven-year-old 
boy  who  was  attacked  with  a  severe  cough  and  came  to  the  hospital, 
because  he  began  to  cough  up  shreds  of  white  membrane.  He  had  vio- 
lent attacks  of  dyspnea  with  cough,  which  were  greatly  reheved  as  soon 
as  the  membranes  were  expectorated.  Graduallj^  a  mucopurulent  ex- 
pectoration developed,  and  signs  of  bronchopneumonic  foci  were  found 
in  the  lungs.  Then  hemoptysis  occurred  several  times,  and  bronchial 
membranes  again  appeared  in  the  sputum,  yet  the  condition  constantly 
improved.  Suddenly,  however,  symptoms  of  tuberculous  meningitis  ap- 
peared and  the  patient  died.  Cultures  of  Friedlander's  pneumococcus 
were  obtained  from  the  membranes.  No  tubercle  bacilli  could  be  found 
in  the  sputa,  although  there  was  pulmonar}-  tuberculosis  in  addition  to 
tuberculosis  of  the  meninges,  peritoneum,  and  liA^er.  Pneumococci  were 
present  in  large  numbers,  and  at  times  were  found  in  pure  culture  in  the 
discharge,  while  at  other  times  they  were  mixed  with  other  cocci  and 
bacilli. 

2.  Primary  fibrinous  broncliitis  may  be  caused  by  the  Loffler 
hacillus  ^representing  a  true  broncliial  cliphtheriaj,  although  this  pro- 
cess is  usually  secondar3\ 

[Councilman,  Mallory,  and  Pearce,"^  in  a  study  of  220  fatal  cases  of 
diphtheria,  found  in  42  a  definite  fibrinous  membrane  in  the  bronchi. 
Between  this  concUtion  and  bronchopneumonia  there  seems  to  be  a 
definite  relation;  thus,  in  100  cases  ■v^dth  membrane  in  the  lower 
respiratory  passages  flarynx,  trachea,  or  bronchij  bronchopneumonia 
was  present  in  729c,  while  in  the  remaining  120  cases  it  was  present 
in  only  48%. 

McCullom  t  has  described  complete  fibrinous  casts  of  the  trachea 
and  primary  bronchi,  which  were  expelled  during  a  paroxysm  of 
coughing  by  patients  suffering  from  diphtheria  (giA'es  good  illustra- 
tion— photograph) . — Ed.] 

3.  Picchini  fcited  b}^  Magniaux  and  Bettmannj  obserA^d  the  dis- 
ease in  three  workmen  who  had  worked  in  a  sewer.  He  could  isolate 
three  kinds  of  bacilli  from  the  sputum,  and  one  of  these  forms  caused 
hemorrhagic  inflammation  on  the  trachea  of  a  rabbit.     In  the  case  of 

*  Jour.  Boston  Society  Med.  Sciences,  vol.  v,  Xo.  5,  1900. 

t" Medical  and  Surgical  Reports  of  the  Boston  CitA-  Hospital,"  9th  series, 
1898. 
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Robert  Koch  a  pneumonia  certainly  occurred,  but  the  pneumococcus 
■was  not  to  be  found.  A\'e  nuist  assume  tliat,  Ix'sides  tlie  two  forms 
mentioned,  other  micro-organisms  may  occasionally  give  rise  to  fibrin- 
ous bronchitis.  [Strauss  has  found  pneumococci,  Staphylococcus 
pyogenes  aureus  and  albus,  Loffler's  bacillus,  and  Streptococcus 
pj'ogenes. — Ed.] 

The  fibrinous  exudations  should  not  be  confused  with  the  fibrinous 
masses  -which  are  sometimes  coughed  up  after  hemoptysis,  and  which 
evidently  represent  the  remains  of  true  blood-clots.  Such  a  case  was 
demonstrated  by  S.  B.  West.*  However,  as  a  general  rule,  this  does 
not  occur  as  a  result  of  the  hemoptysis  alone,  some  special  factor 
being  responsible  for  the  production  of  the.se  tube-like  structures. 

In  Fraentzel's  case  of  a  consumptive  soldier  who  had  a  pulmonary'- 
hemorrhage,  the  expectorated  blood  separated  into  two  layers;  in  the 
upper  layer  were  found  tubular  bronchial  casts  without  cells  or  crystals 
and  filled  with  blood.  The  symptoms  improved,  but  on  the  eleventh 
day,  with  fever  and  the  signs  of  endocarditis  and  nephritis,  a  similar 
discharge  of  blood  occurred  and  resulted  in  death.  On  section,  the 
mucous  membrane  of  the  bronchi  was  found  not  materially  altered. 

Hemorrhagic  fibrinous  bronchitis  has,  therefore,  been  described. 
The  clinical  course  gives  the  impression  of  a  malignant  primary 
infection  of  the  bronchi.  The  same  is  to  be  said  of  IviTtschy's  case, 
which  requires  further  consideration. 

Another  independent  form  is  that  which  occurs  in  pemphigus, 
unless  we  are  -udlling  to  group  it  ^^'ith  that  which  occurs  in  variola 
and  other  infectious  diseases. 

Xext  follow  the  cases  of  the  second  group,  which  occur  occasion- 
all}'  in  affections  of  the  heart.  Hampeln  demonstrated  fibrinous  exu- 
dates from  bronchi  of  the  second  and  third  order,  which  such  a  patient 
has  expectorated  after  puncture  that  was  first  followed  by  the  usual 
serous  discharge.  Compare  also  Escherich's  case  in  the  bibliography. 
[Bettmann  analyzed  ten  cases. — Ed.] 

A  special  group  is  formed  by  the  membranous  exudates  occm-ring 
as  the  result  of  chemical  influences.  ScakUng  -^-ith  hot  vapor  may 
produce  such  an  exudate  (Parker).  As  is  well  known,  experimenters 
have  succeeded  in  producing  croupous  membranes  in  the  trachea 
and  larynx  of  animals  by  instilling  ammonia.  We  also  have  the 
medicolegal  reports  of  autopsies  on  human  subjects  killed  by  the 
inhalation  of  the  vapors  of  ammonia.  Here  also  a  membranous 
exudate  could  be  seen  in  the  nasal  cavity,  in  the  throat,  in  the  larynx, 
in  the  trachea,  and  continuing  into  the  finest  bronchi.  But  I  know 
of  no  case  in  which  the  expectoration  of  such  membranes  has  been 
reported.  Recently  observations  have  been  published  sho-^dng  that 
tuberculous  patients,  after  a  protracted  and  liberal  course  of  local 
treatment  with  lactic  acid  for  tuberculosis  of  the  larynx,  sometimes 

*  Brit.  Med.  Jour.,  Feb.,  1880,  p.  282;  and  Peacock,  Trans.  Path.  Society  of  Lon- 
don, vol.  XXIV,  p.  20. 
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have  attacks  of  coughing  in  which  they  expectorate  ribbon-shaped 
shreds  of  mucus  from  the  trachea  and  bronchi.*  In  Fritzsche's  case 
characteristic  coagula  of  this  kind  were  evidently  due  to  the  use  of 
potassium  iodid.  Additional  interest  attaches  to  this  case  from  the 
fact  that  it  occurred  in  a  patient  with  Basedow's  disease. 

There  still  remain  the  so-called  primary  or  idiopathic  forms,  in 
which  we  do  not  know  the  etiology  and  find  the  bronchi  attacked 
primarily.  The  number  of  these  diminishes  greatly  when  we  take 
away  those  which  rest  on  a  tuberculous  foundation.  The  question 
of  classification  often  has  to  be  decided  arbitrarily,  for  a  case  after 
scarlatina  is  not  necessarily  a  case  on  account  of  scarlatina.  On  the 
other  hand,  no  one  will  doubt  that  cases  of  very  different  etiology, 
according  to  our  present  knowledge,  may  present  exactly  the  same 
picture.  From  all  of  which  it  appears  that  for  some  time  it  will  not 
be  possible  to  place  this  disease  on  a  firm  etiologic  foundation. 

[Bettmann's  collection  of  cases  was  subdivided  by  him  into  nine 
groups,  as  follows: 

I.  Chronic  bronchitis  with  expectoration  of  branching  casts 
of  the  bronchial  tree :  twenty-seven  cases. 

II.  Acute  bronchitis  with  expectoration  of  branching  casts  of 
the  bronchial  tree :  fifteen  cases. 

III.  Cases  in  which  branching  casts  were  not  expectorated,  but 
were  found  in  the  bronchi  at  autopsy:  six  cases. 

IV.  Cases  in  which  the  casts  expectorated  showed  dichotomous 
branching:  eleven  cases. 

V.  Expectoration  of  branching  casts  in  organic  heart  disease: 
ten  cases. 

VI.  Expectoration  of  branching  casts  in  pulmonary  tubercu- 
losis: fourteen  cases. 

VII.  Expectoration  of  small  casts,  often  non-branching,  in  asso- 
ciation with  asthma:  five  cases. 

VIII.  Formation  of  casts  in  the  bronchi  in  association  with  pul- 
monary edema  following  thoracentesis:  four  cases. 

IX.  Cases  of  doubtful  classification  because  of  incomplete  re- 
ports: six  cases. — Ed.] 

We  still  therefore  define  fibrinous  bronchitis  as  a  disease  which 
attacks  the  bronchi  primarily  and  is  characterized  by  dyspnea,  occur- 
ring more  or  less  frequently  and  terminating  with  the  expulsion  of 
fibrinous  bronchial  casts,  to  the  great  relief  of  the  patient.  It  is 
exceedingly  important  to  establish  the  etiology  in  individual  cases; 
in  practice  it  is  of  the  greatest  value  to  determine  whether  the  case 
is  one  of  true  diphtheria  or  not.  Many  will  wish  to  rubricate  this 
form  under  an  especial  name  because  of  the  great  practical  importance 
of  differentiation  with  respect  to  prognosis,  treatment,  and  prophy- 
laxis. It  may  even  be  asserted  that,  with  the  help  of  a  bacteriologic 
examination,  this  differentiation  can  almost  always  be  made  with 

*  Petersburger  med.  Wochenschr.,  xvii,  p.  145,  "Sitzung  der  Gesellschaft  prak- 
tischer  Aerzte  zu  Riga,"  Feb.  19,  1892. 
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ease  and  certainty,  but  it  will  not  be  possible  by  the  ordinal,  older 
clinical  methods  of  oljservation. 

Pathologic  Anatomy. — The  bronchial  casts  are  cylindric  struc- 
tures: cylindric  tubes  in  the  larger  bronchi,  and  small,  solid  threads 
in  the  smaller  ones ;  or,  vice  versa,  solid  cylinders  in  the  larger  bronchi, 
and  hollow,  tubular  casts  in  the  smaller  ones.  Besides  these  two 
common  forms,  there  are  also  rare  cases  in  which  the  entire  cast  is 
solid  or  canalized,  or,  finally,  the  two  conditions  alternate.     Often 


Fig.  5.— Bronchial  cast  expectorated  during  an  attack  of  acute  fibrinous  bronchitis. 

one  mav  find  inclosed  in  such  a  cast  one  or  many  small  air-bubbles, 
like  a  string  of  beads.  The  ramifications  of  the  cast  correspond 
exactly  to  those  of  the  bronchi;  small  tree-like  casts  have  been  ob- 
served 10  to  12  cm.  (4  to  5  in.)  in  length.  The  extremities  of_  the 
smallest  finest  t^^^gs  may  be  club-shaped,  or  they  may  be  entirely 
smooth,  like  pack  thread. 

The  microscopic  excuyiination  sho\\'s  that  the  casts  have  a  laminated 
arrangement.     In  the  center  is  seen  a  folded  formation  such  as  must 
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develop  when  the  exudate  is  produced  from  the  mucous  membrane 
in  successive  deposits,  and  new  layers  are  constantly  forming,  while 
the  older  ones  are  pushed  toward  the  free  surface.  In  the  central, 
oldest  portion  are  found  mostly  *  rudiments  of  cells,  desquamated 
alveolar  and  bronchial  epithelium,  bacteria,  and  leucocytes  [mono- 
nuclear (Roussell  et  ah,  see  Bettmann). — Ed.],  which,  however,  stain 
feebly.  Here  also  are  found  Leyden's  crystals,  when  they  are  present. 
Robert  Koch,  who  made  a  drawing  of  them  in  his  case,  represents 
the  cross-section  as  hexagonal,  which  very  much  surprises  me.t  It  is 
still  more  uncommon  for  the  sputum  to  contain  spirals,  as  observed 
by  Friedreich,  Zucker,  Riegel,  and  Escherich.  Flint  even  found 
hematoidin  crystals.  Fritzsche  demonstrated  in  his  case  eosinophile 
cells,  which  were  also  increased  in  the  blood. 

Almost  all  authors  agree  that  the  masses  expelled  consist  of  fibrin ; 
Fritzsche  has  also  used  the  Weigert  method  of  staining;  Beschorner, 
however,  declared  that  the  ground-substance  in  his  case  was  mucus. 

The  casts  are  soluble  in  lime-water, 
and  still  more  easily  in  the  stronger 
alkalies. 

The  rapidity  with  which  these 
casts  may  be  formed  is  very  sur- 
prising. It  is  most  clearly  shown 
in  the  valuable  case-history  contrib- 
uted by  Kretschy  that  they  cannot 
be  the  result  of  ceh  activity  or  cell 
metamorphosis,  but  must  be  an  exu- 
date emanating  directly  from  the 
blood-  or  lymph-vessels,  which  finds 
on  the  surface  of  the  mucous  mem- 
branes the  conditions  necessary  for 
coagulation.  Three  large  plugs  were  expelled  in  one  day.  In  this 
case  it  is  certain  that  the  bronchi  in  which  the  exudate  developed 
no  longer  possessed  any  epithelium. 

[Bettmann  found  a  surprisingly  small  portion  of  the  sections 
take  Weigert 's  fibrin  stain.  The  greater  number  of  fibrin  fibrils  are 
distributed  in  the  outer  layer  or  "  skin  "  of  the  cast,  or  in  the  outer 
layer  of  the  smaller  whorls.  The  stain  brings  out  organisms,  strepto- 
cocci and  staphylococci,  generally  adhering  to  the  outer  side  of  the 
cast,  though  a  very  few  are  occasionally  found  in  the  mucus  in  the 
inside  of  the  cast. 

Hematoxylin  and  eosin:  This  stain  shows  a  ground-substance 
consisting  of  two  apparently  distinct  materials :  a  fibrillar  substance 
taking  a  deep  eosin  stain,  which  is  concentrically  arranged  about  the 
lamina  of  the  separate  whorls.  This  incloses  a  second  substance, 
which  is  transparent  and  takes  a  Hght  tinge  of  hematoxylin.     Un- 

*  In  some  cases,  no  cell  inclusions  are  found,  as  in  that  of  Tuckwell,  Trans.  Path. 
Soc,  Bd.  XXI. 

t  These  crystals  are  discussed  in  detail  in  the  section  on  Asthma. 


Fig.  6. — Longitudinal  section  from  a  bron- 
chial cast  hardened  in  alcohol. 
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doubtedly  this  latter  substance,  from  its  optical  properties  and  from 
its  staining  reaction,  is  mucin.  The  substance  taking  the  eosin  stain 
so  deeply  is  not  altogether  fibrin,  but  in  part  shows  itself  to  be  such, 
for  it  contains  the  fibrilhe  which  take  the  fibrin  stain.  \\'hat  the 
nature  of  the  portions  that  do  not  take  the  fibrin  stain  is,  it  is  (hfhcult 
to  say  from  the  data  at  hand.  Cells  are  very  numerous,  and  are  for 
the  most  part  mononuclear  leucocytes,  though  some  polynuclears  are 
seen.  They  are  more  numerous  in  the  mucin  ground-substance  than 
in  the  eosinophilic  material.  There  are  a  few  alveolar  cells,  many 
of  which  contain  blood  pigment;  a  very  occasional  red  blood-cell  is 
seen.  Besides  these  cellular  elements,  there  are  certain  bodies  which 
we  supposed  at  first  were  cellular  degenerations,  but  which  in  other 
stains  took  on  a  more  specific  character,  and  are,  perhaps,  some 
peculiar  form  of  organism.  There  were  also  a  small  number  of  cells 
showing  eosinophilic  granules.  None  of  these  are  polymorphonu- 
clear leucocytes,  but  are  either  degenerating  epithelial  cells  or  large 
mononuclear  leucocytes. 

Sections  stained  in  eosin  and  viethylene-hlue:  These  show  the 
ground-substance  to  be  reticulated  and  taking  altogether  a  deep  eosin 
stain.  The  methylene-blue  stains  only  the  nuclei  of  the  cells.  There 
are  no  mastzellen.  This  stain  brings  out  well  the  few  eosinophilic 
cells. 

The  tubercle  stain  showed  no  tubercle  bacilli,  but  brought  out 
those  peculiar  bodies  which  are  mentioned  above.  They  are  irregu- 
larly round,  from  7  to  15  /i  in  diameter.  (See  Fig.  3,  page  33.)  They 
retain  the  fuchsin,  keeping  a  deep  red  color.  They  have  apparently 
a  double  contoured  outer  shell,  from  which  in  certain  places  the  deeph^ 
staining  protoplasm  seems  to  have  shrunk  away.  Vacuoles  of  various 
sizes  are  seen  in  their  protoplasm.  The  protoplasm  stains  diffusely, 
but  shows  a  few  more  deeply  staining  granules.  The  shell  seems  to 
have  a  tendency  to  roll  up  on  itself. — Ed.] 

In  individual  cases — as,  for  instance,  in  that  of  Waldenburg,*  and 
especially  in  the  two  cases  of  Model — an  astonishing  amount  of  fat, 
both  in  the  form  of  minute  dust-like  droplets  and  larger  masses,  was 
found  between  the  fibrin  fibers  or  in  the  fibrin  flakes ;  large  amounts 
of  fat  were  also  present  free  in  the  sputum  and  especialh'  floating 
upon  it. 

In  a  few  cases,  as  in  the  fifth  of  ]\Iodel,  lamination  of  the  cast  is 
not  found.  The  seventh  case  of  ^lodel,  in  which  the  abundance  of 
fat  in  the  sputum  suggested  the  thought  of  chylorrhea  or  lymphor- 
rhea,  presented  macroscopically  three  distinct  portions:  One  appear- 
ing milk-white,  another  bright  red  in  color,  and  the  third  more 
gelatinoiLS.  The  milk-white  and  rose-red  portions  contained  the 
dendritic  ramifications. 

It  is  fair  to  assume  that  the  exudates  in  the  different  pathologic 
conditions  will  be  different,  but  it  is  not  kno^Ti  what  is  especially 
characteristic  of  each  variety ;  fibrin  is  no  doubt  found  equalh'  in  the 

*  Berlin,  klin.  Wochenschr.,  1869. 
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pneumonic,  diphtheritic,  and  idiopathic  forms.  The  pneumonic  casts 
are  generally  brownish  or  reddish  in  color  and  contain  large  numbers 
of  leucocytes ;  the  diphtheritic  are  generally  white  and  contain  numer- 
ous remains  of  desquamated  epithelial  cells;  while  the  idiopathic 
are  also  pure  white.  According  to  Lucas-Champonniere 's  descrip- 
tion,* some  are  found  in  wliich  fibrin  largely  predominates,  in  others 
mucus,  and  in  still  others  masses  of  fat;  but  the  characteristic  con- 
stituent in  all  is  fibrin. 

[Bettmann  states  that  Caussander  concluded  the  casts  were  com- 
posed of  syntonin. 

From  the  re^iew  of  the  recent  literature  it  seems  probable  that 
either  mucin  or  fibrin  may  form  the  bulk  of  the  coagula  which  charac- 
terize that  form  of  bronchitis  known  as  fibrinous,  pseudomembranous, 
or  plastic  bronchitis. 

The  following  authors  have  concluded  from  their  investigations 
that  the  casts  were  chiefly,  if  not  entirely,  composed  of  fibrin : 

Hint's  t  case  showed  fibrin  coagula. 

Strauss  %  reports  a  case  of  chronic  fibrinous  bronchitis,  and  in 
the  coagula  were  found  many  Charcot-Leyden  crystals.  The  casts 
were  made  up  mosth''  of  fibrin.  Strauss  thinks  that  both  mucin  and 
fibrin  coagula  may  exist  and  give  rise  to  the  same  phenomena. 

All  modern  writers,  Brannan  states,  agree  that  the  exudate  is 
made  up  mainly  of  fibrin,  containing  in  varying  proportions  epi- 
thelial cells,  leucocytes,  fatty  matter,  air-bubbles,  and  granular 
detritus.  "  According  to  Klebs  (cited  by  Beschorner,  ?.  c),  the  casts 
are  formed  from  transuded  plasma  of  the  blood,  combined  with 
an  exudate  of  white  blood-cells  which  have  escaped  from  the  vessels." 

Herzog  §  examined  the  coagula  of  two  cases  of  true  fibrinous 
bronchitis,  and  found  that  fibrin  made  up  the  bulk  of  the  casts. 

Sokolowski  II  reports  four  cases  of  idiopathic  fibrinous  bronchitis  in 
which  the  casts  were  made  up  of  fibrin  and  white  and  red  corpuscles. 

Patton  and  Herzog  **  report  a  case  in  which  the  bulk  of  the  mass  of 
the  exudate  showed  a  fibrillar  arrangement,  and  stained  blue,  gi^^ng 
a  typical  fibrin  stain.  The  casts  consisted  of  fibrin  mixed  with 
swollen  degenerating  epithelial  cells,  and  a  considerable  number  of 
leucocytes. 

Vintras  ft  reports  a  case  of  plastic  bronchitis  in  which  the  coagula 
were  found  to  be  made  up  mainly  of  fibrin,  with  some  leucocytes, 
and  epithelial  cells.     Charcot  crystals  were  absent. 

Lepine  %  %  reports  a  case  of  chronic  pseudomembranous  bronchitis, 
in  which  coagula  composed  of  fibrin  and  epithelial  cells  were  ex- 
pectorated. 

*  These  de  Paris,  1876.       t  Wiener  med.  Wochenschr.,  1898,  xlviii,  1991-1997. 
X  Berlin,  klin.  Wockenschr.,  1900,  No.  19,  p.  407. 
§  Centralbl.  f.  allgem.  Path.  u.  path.  Anat.,  1898,  \ui,  1008-1010. 
II  Deutsches  Archiv.  f.  klin.  Med.,  1895,  1896,  lvi,  476-489. 

**  Jour.  Am.  Med.  Assoc,  Jan.  1,  1898,  p.  25.  ft  Lancet,  Sept.  15,  1900. 

XX  Revue  de  Med.,  Paris,  1898,  xviii,  835-838. 
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Nachotl*  and  Fritschef  report  cases  in  which  the  casts  were  un- 
doubtedly made  up  of  filjrin. 

Schittenhehn's  I  two  cases  were  carefully  investigated,  and  l)Oth 
color  and  chemical  tests  applied.  The  coagula  in  both  cases  were 
found  to  be  made  up  mainly  of  fibrin.  The  casts  were  made  up  of 
lanielUr,  of  fine  fibers,  which  in  places  made  a  network  inclosing 
epithelial  cells  and  leucocytes. 

liuchard  and  Claisse's  §  case  also  gave  fibrin  in  the  casts. 

Schmidt  I!  reports  a  case  in  which  he  chemically  investigated  the 
nature  of  the  casts,  and  found  them  to  be  made  up  mostly  of  fibrin. 
Abundant,  desquamated,  fatty  alveolar  epithelium  was  also  found, 
as  well  as  hyaline  blood-cylinders,  "corpora  lecithinoidea,"  and 
"lecithinoid  cyhnders." 

Eppinger's**  investigations  with  chemical  and  color  tests  go  to 
show  that  the  coagula  are  formed  of  fibrin. 

On  the  other  hand,  other  observers  come  to  different  conclu- 
sions : 

Thus,  Beschorner  ft  reports  two  cases  of  fibrinous  bronchitis,  in 
which  the  cases  were  examined  by  Neelsen.  The  latter  found  the 
bulk  of  the  coagula  to  be  made  up  of  thickened  mucus,  with  only  a 
few  shreds  of  fibrin. 

Klein  tt  sa3^s  that,  in  a  case  of  fibrinous  bronchitis  observed  by 
him,  the  expectorated  mass  was  made  up  of  mucin,  which  did  not 
take  Weigert's  fibrin  stain. 

Habel  §§  reports  3  cases  of  chronic  fibrinous  bronchitis  in  which 
the  coagula  were  formed  of  mucin.  The  reaction  of  the  casts  was 
acid.  As  mucin  coagulates  in  the  presence  of  acid,  Habel  explains 
the  formation  of  the  casts  l3y  the  coagulation  of  the  mucus  in  the 
bronchi,  due  to  the  presence  of  acid,  most  probably  formed  by  the 
action  of  bacteria. 

Grandy  ||  ||  speaks  of  a  case  of  so-called  chronic  bronchial  croup  in 
which  the  expectorated  masses  were  made  up  of  mucus,  with  white 
and  red  blood-corpuscles,  and  some  bronchial  epithelial  cells,  many 
of  which  were  swollen  and  filled  with  mucus.  Grandy  expresses  the 
opinion  that  a  true  fibrinous  inflammation  of  the  bronchi  may  take 
place,  and  run  a  similar  course. 

Brannan  ***  quotes  Beschorner. 

*  Prager  med.  Wochenschr.,  1897,  Nos.  3,  5,  and  6. 
t" Schmidt's  Jahrbiicher,"  1893,  No.  237,  p.  138. 
X  Deutsches  Arch.  f.  klin.  Med.,  lxvii,  vols.  3  and  4,  p.  336. 
§  Journal  des  Praticiens,  1895,  p.  117. 
II  CentraM.  /.  allgem.  Pathol,  u.  path.  Anat.,  June  1.5,  1899. 

**  "  Ergebnisse  der  allgemeinen  Pathologie  u.  pathologischen  Anatonaie,"  Part 
3,  p.  200. 

ft  "  Volkmann's  Sammlung  klin.  Vortrage,"  1893,  No.  73,  p.  640. 

tt  Wiener  Min.  Wochenschr.,  July  30,  1896,  p.  710. 

§§  Centralhlatt  f.  innere  Med.,  1898,  xix,  9-12. 

II II  CentraM.  f.  allgem.  Path.  u.  path.  Anat.,  Bd.  viii,  1897,  p.  513. 

***  Med.  News,  1896,  lxix,  169-170. 
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We  find,  again,  that  the  structure  of  these  casts  is  determined  by 
Wagner  and  others  to  result  from  cellular  changes : 

Thus,  E.  Wagner  (cited  by  Beschorner,  I.  c.)  believes  that  the 
casts  owe  their  origin  to  a  peculiar  metamorphosis  of  the  epithelium 
of  the  bronchial  mucous  membrane,  by  which  the  epithelium  forms 
the  cellular  elements  by  endogenous  cell  production  and  the  fibrinous 
framework  out  of  the  remaining  cellular  substance. 

Still  another  conclusion  is  arrived  at  by  Lehmann-^Iodel,*  who 
explains  the  formation  of  the  coagula  by  assuming  the  exist- 
ence of  a  chylous  exudation,  but  his  views  have  not  been  ac- 
cepted.— Ed.] 

The  question  in  regard  to  the  condition  of  the  bronchi  is  not  yet 
entirely  settled.  From  the  experiments  of  Weigert  and  the  findings 
of  Kretschy  it  is  assumed  that  the  epithelium  of  the  bronchi  must 
be  destroyed  and  cast  off  before  the  formation  of  a  fibrinous  exudate 
becomes  possible.  Good  observations  on  the  condition  of  the  bron- 
chial epithelium  have  rarely  been  made,  evidently  on  account  of  the 
practical  difficulties,  while  the  casts  have  often  been  examined  by 
the  best  methods.  [Schittenhelm  f  found  a  desquamative  catarrh 
of  the  alveoli  and  an  exudation  into  the  bronchi,  bronchioles,  and 
alveoli  (Bettmann). — Ed.] 

Course. — The  idiopathic  form  of  bronchitis  fibrinosa  is  usuall}^  a 
chronic  disease.  [Bettmann  collected  twenty-seven  cases. — Ed.]  After 
the  patient  has  suffered  several  times  from  bronchitis,  attacks  occiu* 
in  which,  with  violent  fits  of  coughing  and  dyspnea,  masses  are 
expelled.  These,  if  very  carefully  disentangled  in  water,  present 
themselves  as  casts  of  a  portion  of  the  bronchial  tree.  We  can 
easily  recognize  the  characteristic  branching.  Usually  such  casts  are 
formed  only  in  a  certain  portion  of  the  bronchi;  the  patient  has  the 
sensation  that  his  breathing  is  becoming  more  difficult;  he  feels  a 
sense  of  pressure  or  even  a  humming,  which  can  be  felt  on  the  thoracic 
wall,  and  finally,  after  the  expulsion  of  the  exudate,  these  symptoms 
disappear  and  the  patient  experiences  the  greatest  relief.  Then  the 
play  begins  again.  In  this  way  casts  may  be  expectorated  several 
times  during  the  day;  soon,  however,  the  attacks  become  more  in- 
frequent, and  finally  stop  altogether  if  no  accidental  injury  causes  an 
exacerbation.  The  disease  may  drag  on  in  this  way  for  months  or 
years.     The  case  of  Kisch  lasted  for  over  twenty-five  j^ears. 

In  many  cases  the  symptoms  are  so  mild  that  they  scarcely  anno}' 
the  patient,  while  in  others  they  are  ver}^  ^dolent.  The  attacks 
follow  one  another  rapidly,  fever  develops,  and  in  half  of  the  cases 
the  patient  dies  during  an  attack;  the  duration  varies  between  two 
and  fourteen  days.  This  rare  form  of  the  disease  has  been  designated 
acute  fibrinous  bronchitis.     [Fifteen  cases  (Bettmann). — Ed.] 

So,  for  instance,  the  case  of  Jager  was  that  of  a  child  who,  after 
measles,  was  attacked  with  catarrhal   symptoms  and  dyspnea ;  tubular 
*  Inaug.  Diss.,  Freiburg,  1890,  "Ueber  Bronchitis  Fibrinosa." 
■\Deutsch.  Arch.  f.  klin.  Med.,  S.  340. 
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membranes  wore  expectorated,  and  on  the  fifth  day  the  patient  died. 
There  was  a  croupovis  membrane,  very  slight  in  the  larynx  and  becom- 
ing more  and  more  marked  in  the  deeper  structures;  it  had  filled  the 
bronchial  branches  of  the  left  lung. 

Especially  valuable  is  the  very  exact  observation  of  Kretsehy. 
He  reports  the  case  of  a  twenty-three-year-old  shoemaker,  who  was 
quite  suddenly  attacked  with  chill  and  on  the  next  morning  expec- 
torated a  reddish  mass.     The  fever  was  observed  from  the  third  day. 

Temperature.  Pulse.  Respiration. 

10   38.0'^  C— 100.4°  F.                        68  36 

38.6°  "  —101.4°  "                         92  32 

11          37.7°  "—  99.8°  "                         88  32 

41  0°  "  —105.8°  "  128  44 

12     37.4°  "—  99.3°  "          88  32 

40.4°  "—104.7°  "  120  36 

13     39,0°  " —102.2°  "  100  34 

.   40.9°  "—105.6°  "  148         60-72 

14  

15  39.4°  " —102.9°  "  128  48 

40.3°  "  —104.5°  "  120  72 

16     39.8°  "—103.6°  "  128  72 

40.2°  "  —104.3°  "  120  64 

17       40  0°  " —104.0°  "  140  60 
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The  membranes  were  formed  in  the  middle  and  lower  lobes  of  the 
right  lung. 

That  menstruation  and  pregnancy  sometimes  have  an  influence 
on  the  course  of  the  disease  cannot  be  considered  strange.*  [In 
Sclinittzler's  case,  attacks  replaced  menstruation  for  many  months 
after  the  sixth,  seventh,  and  eighth  pregnancies. — Ed.] 

Betw^een  the  acute  and  chronic  forms  there  are  some  which  repre- 
sent transition  forms  and  which  have  been  distinguished  as  subacute 
cases.  To  this  class  belongs  a  case  of  Escherich,  characterized  by  a 
febrile  movement  which  on  two  occasions  immediately  preceded  the 
beginning  of  menstruation  and  ended  by  crisis  after  a  duration  of 
eight  days.  This  Avas  followed  by  a  Itjnger  afebrile  stage  with  bron- 
chitic  symptoms,  which  gradually  led  to  recovery. 

Symptoms. — Sputum. — The  characteristic  features  are  the  coagula 
which  have  already  been  described.  Aside  from  these,  the  sputum 
is  catarrhal  in  character.  On  standing  in  the  air  it  often  takes  on  a 
greenish  color.  This  has  also  been  frequently  observed  in  other  kinds 
of  sputum,  especially  the  purulent.  Blood  is  also  quite  frequently  pres- 
ent, and  may  be  so  abundant  as  to  constitute  a  true  hemoptysis.  This 
hemoptysis  [occurring  in  one-third  of  the  cases. — Ed.]  should  not  by 
any  means  be  regarded  as  a  sign  of  tuberculosis ;  it  is  not  the  cause, 
but  the  result  of  the  fibrinous  bronchitis.  We  can  readily  understand 
that  when  coagula  are  torn  away  from  the  bronchial  w^all  by  the  violent 
fit  of  coughing, blood-vessels  in  this  wall  may  easily  be  injured  to  a  con- 
siderable extent.  Other  noteworthy  observations  have  at  times  been 
made  in  the  investigation  of  the  sputum.  Asthma  cry!<tah  and  asthma 
spirals  have  been  found ;  the  former  more  frequently  than  the  latter. 

*  Oppolzer  and  Brik,  Wiener  med.  Presse,  1882,  p.  828,  861. 
11 
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Dyspnea  is  very  marked  in  most  cases.  The  attacks  are  connected 
with  the  expectoration  of  the  coagula  and  subside  when  the  latter 
are  expelled,  to  return  at  certain  intervals,  the  duration  of  which 
naturally  depends  on  the  intensity  of  the  coagulative  process,  the 
extent  of  the  false  membrane,  and  the  sensitiveness  of  the  patient. 
In  acute  cases  the  dyspnea  is  usually  continuous,  while  in  chronic 
cases  the  intervals  between  the  attacks  are  usually  quite  free  from 
this  s5^mptom;  but  the  attack  is  generally  preceded  by  a  period  in 
which  the  shortness  of  breath  gradually  increases.  Besides  these, 
we  find  a  number  of  cases  described  in  the  literature  in  which  the 
patients  suffer  very  little  dyspnea,  and  some  in  which  there  is  none 
at  all ;  the  membranes  are  clischarged  without  any  effort  or  difficulty 
and  the  general  health  is  quite  good.  The  albuminuria  wliich  occa- 
sionally occurs  in  the  more  severe  attacks  of  dyspnea  can  now,  accord- 
ing to  the  results  of  Schreiber's  experiments,  be  explained  as  a  mere 
transient  consequence  of  the  circulatory  disturbance. 

Cough  accompanies  the  dyspneic  attacks  and  the  expectoration. 
It  may  succeed  very  easily  in  expelling  large  masses  of  sputum;  it 
may  be  laborious,  distressing,  and  bring  up  very  little  discharge;  all 
possible  grades  have  been  observed.  The  cough  is  at  times  accom- 
panied by  a  peculiar  flapping  or  purring  sound  ("  Flattergerausch  "). 

Auscultation. — ^The  variable  signs  observed  on  auscultation  are 
easily  explained  by  the  behavior  of  the  false  membrane.  Thus, 
the  breath  sounds  may  be  greatly  weakened  or  only  slightly  dimin- 
ished. Muffled,  moist  rales  of  every  form  and  size  may  be  heard. 
Occasionally  a  fluttering  or  flapping  sound  is  produced  by  the 
movement  of  the  partially  separated  membrane,  which  may  even 
cause  a  palpable  thrill  of  the  thoracic  wall. 

Percussion  gives  nothing  characteristic,  if  there  are  no  complicat- 
ing diseases  of  the  lungs. 

Inspection:  The  patients  are  often  somewhat  cyanotic,  sometimes 
extremely  so.  At  the  height  ^f  the  dyspnea  the  affected  lung  lags 
in  respiration. 

Fever  belongs  to  the  acute  form,  and  nothing  characteristic  is  j^et 
known  in  regard  to  its  course. 

Splenic  enlargement  has  very  frequently  been  noticed. 

Hydropic  conditions  and  albuminuria  occur  only  exceptionally  as 
complications. 

The  general  condition  may  be  quite  variable,  as  can  be  readily 
inferred  from  the  changeable  symptoms.  [Loss  of  flesh  and  strength 
are  not  uncommon. — Ed.]  From  patients  who  suffer  most  severely 
to  those  who  are  practically  well,  all  grades  may  be  observed. 

Complications. — ^Tuberculosis,  pneumonia,  and  bronchitis  are  the 
most  frequent.  Model  lays  the  greatest  stress  on  tuberculosis  because 
he  found  it  ten  times  in  21  autopsies ;  he  believes,  therefore,  that  not 
only  does  tuberculosis  produce  a  certain  predisposition  to  fibrinous 
bronchitis,  but  that  there  is  a  more  intimate  relation  between  the 
two  diseases.     A  great  variety  of  other  lung  and  heart  diseases  have 
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also  been  obsorvod.  Much  that  was  mentioned  in  the  etiolof^y  might 
from  anotlicr  standj)oint  ha^'c  been  (Uscussed  here.  1  wiU  name  onl}' 
the  extensi\-e  ulcerations  of  the  trachea  and  bronchi  (Gunn-ens,  after 
Biermer). 

Complications  with  skin  eruptions  are  not  frequent,  but  have 
attracted  considerable  attention:  Waldenburg,*  impetigo  capitis; 
Streets,!  herpes  zoster  and  impetigo;  pemphigus  has  been  given  by 
Mader  as  a  tUrect  etiologic  factor. 

Diagnosis. — ^The  greatest  difficulty  may  arise  in  differentiating 
this  disease  from  bronchial  asthma.  Vierordt  observed  a  thirty-one- 
}'ear-old  mountaineer  who  hatl  for  years  suffered  from  expirator}- 
dyspneic  attacks.  In  the  abundant  sputum  were  found  gra}^  flakes, 
and  thick,  grayish- wliite  bronchial  casts;  Le3Tlen's  crystals  were 
always  found,  but  only  once  was  a  Curschmann's  spiral  observed. 

Andral  considers  the  diagnosis  assured  whene^'er,  in  the  course 
of  a  simple  bronchitis,  a  d^'spneic  attack  occurs  and  the  respiratory 
murmur  is  no  longer  heard  OA^er  a  certain  area  of  the  lungs,  while 
the  percussion  note  is  unimpaired.  But  even  in  such  cases  a  diligent 
search  for  the  characteristic  sputum  should  be  made. 

The  etiology  must  be  determined  and  the  existence  of  diphtheria 
established  or  excluded ;  this  usually  requires  a  bacteriologic  examina- 
tion. It  is  well  known  that  chronicity  has  been  observed  in  diph- 
theria, and  this  may  confuse  the  diagnosis,  and  it  is  certain  that  there 
is  no  such  thing  as  a  diphtheritic  form  of  acute  fibrinous  bronchitis. 
Pneumonia  is  also  to  be  thought  of.  Cases  which  are  the  result  of  a 
local  injury  or  of  the  use  of  drugs  are  easily  excluded. 

Treatment. — The  treatment  will  depend  upon  the  cause,  so  far  as 
we.  can  find  this  out.  In  the  acute  cases  Biermer  adAdses  active 
mercurial  treatment ;  in  all  acute,  severe  inflammations  upon  the  na- 
ture of  which  a  certain  amount  of  doubt  rests  this  is  still,  as  formerh', 
highly  recommended  by  those  physicians  who  adhere  to  the  heroic 
methods.  The  inhalation  of  warm  water  vapor  unquestionably 
affords  relief  to  the  patient,  or  lime-water  may  be  nebulized  and 
inhaled.  Lime-water  undoubtedly  exercises  a  certain  dissolving  in- 
fluence on  the  false  membrane.  In  addition  to  these  remedies, 
potassium  iodid,  creosote,  turpentine,  and  tar  (internally)  have  been 
highly  lauded  in  individual  cases.  [The  first-named  by  English  and 
American  practitioners. — Ed.] 

In  general,  the  management  of  the  disease  should  be  based  on 
the  principles  laid  down  for  the  treatment  of  simple  bronchitis.  Nu- 
tritious diet  and  careful  nursing  are  the  more  important,  as  the 
greater  number  of  these  cases  rest  on  a  tuberculous  foundation. 
"Whether,  under  such  circumstances,  creosote  is  of  preeminent  advan- 
tage is  a  question  which  requires  further  investigation. 

*  Berliner  klin.  Wochenschr.,  1869. 

t  "  Schmidt's  Jahrbuch,"  Bd.  clxxxviii,  p.  254. 
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PUTRID  BRONCHITIS. 

Older  literature,  history,  and  detailed  description  by  Lebert, 
"Klinik  der  Brustkrankheiten, "  i,  p.  102,  1874.  All  clinical  treatises 
on  bronchiectasis  include  putrid  bronchitis.  It  is  also  treated  in 
connection  with  gangrene  of  the  lungs. 
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Traube:  "Deutsche  Klinik,"  1853,  1861,  1862. — Empis:  "Catarrhe  pseudogan- 
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Etiology. — We  have  to  deal  not  so  much  with  a  definite  nosologic 
entity,  as  with  a  peculiar  form  of  decomposition  of  the  sputum, 
which  may  occur  in  any  disease  of  the  lungs  or  bronchi.  As  soon  as 
this  decomposition  occurs,  the  disease  assumes  a  special  character 
and  the  consideration  of  putrid  decomposition  of  the  sputum  under  a 
separate  heading  is  thus  justified.  But  it  is  not  an  independent  dis- 
ease, and  while  the  name  "putrid  bronchitis  "  is  M^vy  convenient,  it 
should  be  used  with  this  reservation.  Bernabei,  on  the  strength  of  his 
bacteriologic  investigations,  claims  recognition  for  a  true  primary 
putrid  bronchitis. 

Marfan,  in  the  "Traite  de  Medecine,"  has  introduced  the  name 
gangrene  des  bronches.  He  insists  that  there  is  gangrene  of  the  bron- 
chial mucous  membrane;  although  all  that  has  been  shown  is  that 
the  mucous  membrane  becomes  involved  wheneiTr  the  contents  of  the 
bronchi  undergo  putrid  decomposition ;  the  new  term,  therefore,  merely 
adds  to  the  confusion,  as  it  leads  many  to  believe  that  an  entirely 
new  condition  is  meant.  He  suggests  the  question  whether  there  is 
putrid  bronchitis  without  gangrene  of  the  bronchi,  independent  of 
bronchiectasis,  occurring  simply  as  a  result  of  the  infection  of  the 
bronchial  contents.  He  does  not  deny  this,  but  says  that  such  a  case 
is  a  mere  passing  complication,  without  danger;  that  the  only  fatal 
case  is  one  reported  by  See,  in  which  the  autopsy  showed  not  the 
slightest  change  in  the  bronchi  or  lungs.*     Considering  the  quantity 

*  It  is  found  in  Gaz.  med.,  1881. 


PUTRID  BRONCHITIS.  165 

of  air  daily  drawn  lhr()ui;li  the  bronchi,  and  how  absolutely  certain 
it  is  that  this  air  contains  all  manner  of  lower  orj^anisrns  which  occa- 
sionally penetrate  into  the  smallest  twigs  of  the  bronchial  tree,  and 
even  into  the  alveoli,  there  can  be  no  doubt  that  some  protective 
structures  exist  in  the  bronchi.  Not  only  is  the  dust  caught  in  the 
tough  masses  of  mucus,  and  either  carried  out  again  or  deposited  in 
some  safe  place,  but  a  similar  fate  awaits  the  micro-organisms  that 
have  eluded  the  intercepting  mechanism  in  the  nose,  larynx,  and 
trachea.  Surrounded  by  mucus  and  taken  up  by  the  cells,  they  are 
either  expelled  or  depositetl  in  lymph-glands,  furnishing  a  ready  ex- 
planation of  the  well-known  fact  that  the  bronchial  glands  in  per- 
fectly healthy  people  are  often  found  to  contain  tubercle  bacilli. 

As  long  as  all  these  structures  functionate  properly,  there  is  no 
danger  of  the  bronchial  contents  undergoing  decomposition.  Just 
as  in  the  case  of  abnormal  fermentation  in  the  stomach  or  in  the 
bladder,  disease  must  first  destroy  the  normal  protective  agencies 
before  micro-organisms  can  effect  an  entrance  and  obtain  the  mastery 
by  transforming  the  medium  to  suit  their  conditions  of  life.  Decom- 
position is  accordingly  to  be  attributed  to  invasion  of  the  bronchi  by 
micro-organisms  capable  of  producing  fermentation,  and  to  a  diseased 
condition  of  the  bronchi  favoring  the  growth  of  such  micro-organisms ; 
hence  it  is  found  in  bronchiectasis,  with  foreign  bodies,  in  all  sup- 
purative processes  of  the  lungs,  after  all  the  infectious  diseases,  espe- 
cially typhoid  fever,  influenza,  and  pneumonia,*  and  no  doubt 
also  in  simple  bronchitis.  When  a  traction  diverticulum  (of  the 
esophagus)  ruptures  into  a  lung  ca\4ty,  the  phenomena  of  putrid 
bronchitis  may  appear,  as  shown  by  a  case  of  Tiedemann.f  The 
relation  between  putrid  bronchitis  and  tuberculosis  is  rather  one  of 
mutual  exclusion,  since  it  is  very  rare  to  find  the  two  diseases  asso- 
ciated. The  exact  nature  of  the  cause  of  the  decomposition  as  yet 
remains  unknowm;  the  discharge,  of  course,  contains  large  numbers 
of  different  kinds  of  cocci  and  other  micro-organisms.  But  Bern- 
abei  and  Lumniczertin  some  of  their  communications  claim  to  have 
found  a  characteristic  micro-parasite  which  they  describe. 

In  a  case  reported  by  Rosenstein  a  young  girl,  after  inhaling 
Oidium  albicans,  developed  a  putrid  bronchitis.  Canali  described  a 
case  of  putrid  bronchitis  following  actinomycosis  of  the  air-passages. 
These  observations  do  not,  however,  justify  the  conclusion  that 
Oidium  albicans  and  actinomyces  are  the  causes  of  putrid  bronchitis, 
although  they  no  doubt  favored  the  growth  of  the  germs  that  pro- 
duced the  decomposition. 

J.  Lumniczer  %  isolated  a  number  of  micro-organisms  from  the 
putrid  sputum ;  among  them  was  a  bacillus,  an  agar  culture  of  which 
after  six  to  seven  days  emitted  the  same  odor  as  the  putrid  sputum 
itself.  He  regards  this  as  the  cause  of  putrid  bronchitis.  Bernabc'i 
appears  to  have  found  the  same  organism. 

*  See  doubts  this,  but  is  mistaken.      f  Deidsches  Arch,  fur  klin.  Med.,  vol.  xv. 
t  Klin.  Centralblatt,  1889,  p.  51. 
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The  most  recent  examination  of  the  sputum  of  putrid  bron- 
chitis comes  from  Eichhorst's  chnic  (Hitzig).  Two  closely  related 
bacilli  were  found,  which  were  similar  to  the  colon  bacillus  and,  in 
bouillon  culture,  emitted  a  stale  and  often  fetid  odor. 

[Leptothrices  have  been  found  in  the  fungoid  plugs  of  putrid  bron- 
chitis by  Leyden  and  Jaffe,  Dittrich,  and  Traube ;  and  in  the  tracheal 
secretion  of  a  patient  with  pharyngomycosis  and  ozsena  trachealis 
by  Baginsky ;  Buchholtz  found  streptothrices  in  the  case  of  a  necrotic 
peribronchitis. — Ed.] 

Numerous  chemical  analyses  of  putrid  sputum  have  been  made. 
The  chief  findings  are  decomposition  products;  thus,  methylamin 
and  butyric  and  acetic  acids  were  found  by  Gregory  and  reported 
by  Low.  The  same  author  found  traces  of  butyric  acid  in  every 
sputum  examined.  Jaffe  found  leucin  and  tyrosin  in  very  small 
quantities,  so  that  after  simple  drying  of  the  sputum  no  recognizable 
crystals  are  to  be  expected.  Lobisch  and  Rokitansky  were  able  to 
demonstrate  diamin.  At  times  hydrogen  sulphid  and  ammonia  are 
present.  Jaffe  obtained  from  the  so-called  Dittrich 's  plugs  a  white, 
easily  pulverized  substance,  which  stained  blue  on  the  addition  of 
ioclin.  Filehne  and  Stolnikow  isolated  a  ferment  which  bore  a  certain 
resemblance  to  pancreatic  ferment. 

The  similarity  of  this  sputum  to  that  of  gangrene  of  the  lungs, 
•and  the  fact  that  putrid  bronchitis  often  passes  over  into  the  lat- 
ter, suggests  the  thought  that  the  two  diseases  are  very  closely  re- 
lated ;  that  the  same  process  is  at  work  in  both  cases,  in  the  one 
affecting  the  alveoli,  and  in  the  other  the  bronchi.  By  putrid 
bronchitis  we  understand  the  form  in  which  the  changes  in  the 
bronchi  and  lungs  do  not  extend  deeper  than  in  simple  catarrh;  and 
it  is  only  the  peculiarities  of  the  sputum  that  justify  us  in  discussing 
the  condition  separately. 

Pathologic  Anatomy.— The  pathologic  findings  are  very  few.  The 
bronchial  wall  is  in  a  certain  condition  of  softening,  and  denuded  of 
its  epithelium;  the  underlying  tissue  is  covered  with  a  semi-solid 
material.  In  places  the  subepithelial  tissue  is  attacked  and  develops 
a  gangrenous  degeneration,  which  may  extend  deep  into  the  lung 
tissue.  This  explains  the  occasional  development  of  gangrene  of  the 
lungs  from  putrid  bronchitis. 

Symptoms. — 1.  The  sputum  has  an  extremely  bad  odor,  resem- 
bling that  in  gangrene  of  the  lungs — an  odor  which  we  perceive  as  soon 
as  we  approach  the  patient,  and  which  is  decidedly  different  from  any 
other,  even  the  most  nauseating,  odor  from  the  mouth.  The  dis- 
charge is  expelled  without  effort  and  in  considerable  quantities;  it 
is  not  unusual  for  300  to  400  c.c.  (10  to  14  ounces)  to  be  discharged 
in  a  single  day. 

'  When  poured  into  a  glass,  the  sputum  separates  into  three  layers : 
The  uppermost  is  frothy,  consisting  of  mucus,  which  floats  on  top 
because  of  the  air  contained  in  it,  and  which  shows  an  upper  portion 
especially  rich  in  air-bubbles,  from  which  large  brownish  flakes  of 
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mucus  hano-  down  into  the  second  layer.  In  the  lirst  we  often  find 
well-preserved  pus-cells  and  epithelial  cells  and  also  many  that  have 
undergone  fatty  degeneration.  Tree  fat  droj)S  may  be  seen  floating 
about. 

The  second  layer  is  called  the  serous  layer,  as  it  consists  of  a  thin 
fluid,  which,  however,  is  not  serous;  it  is  of  a  dirty,  brownish  or  some- 
times yellowish-green  color;  formed  elements  are  not  found  in  this 
layer. 

The  thirtl  layer  is  the  sediment;  in  it  are  found  large  numbers  of 
vibriones,  spirilla,  and  cocci;  detritus;  fat  drops;  and  peculiar,  hor- 
ribly offensive  plugs  which  contain  fat-needles  (very  beautiful,  long, 
round,  and  gracefully  curved),  leptothrix,  monads,  and  large  numbers 
of  very  fine  granules,  derived  from  the  degenerated  cells;  these,  as 
they  were  first  described  by  Dittrich,  are  known  as  Dittrich's  plugs. 
They  vary  in  size  from  the  very  small  or  almost  microscopic  ones  to 
those  of  the  size  of  a  bean. 

Not  infrequently  these  plugs 
contain  no  cells  at  all  or  only  a  few. 
(Are  these  younger,  and  the  former 
the  older  plugs?)  The  leptothrix 
threads  may  be  stained  a  beautiful 
violet  or  blue  color  with  tincture 
of  iodin.  At  times  pigmented  gran- 
ules and  the  remains  of  red  cor- 
puscles are  seen.  Hitzig  claims  to 
have  found  hematoidin  crystals. 

If  the  fatty  acid  needles  are 
crowded  together  in  groups  and 
attain  a  considerable  length,  as  is 
not  uncommon,  they  may  be  mis- 
taken by  an  inexperienced  phj-si- 
cian  for  elastic  fibers ;  but  they  are 
dissolved  by  caustic  alkalies,  melt 

on  the  application  of  heat,  are  pointed  at  the  end,  and  never  branch; 
their  recognition  is  therefore  easy. 

Traube  believes  that  the  plugs  at  first  consist  chiefly  of  pus  cor- 
puscles and  a  finely  granular  detritus,  which  increases,  while  the  cells 
disappear  and  fat  droplets  and  fatty  needles  accumulate  in  greater 
and  greater  numbers  in  the  plugs.  He  therefore  constructs  four 
stages,*  w^hich  is,  of  course,  artificial.  We  must  confess  that  w^e  do 
not  know  how  these  plugs  are  formed  and  how  the}^  develop;  their 
foundation  and  chief  constituent  is  a" fungoid  mass  which  has  never 
been  sufficiently  studied,  but  is  quite  similar  to  leptothrix. 

The  monads,  monas  and  cercomonas,  described  by  Kannenberg 
have  been  more  minutely  studied  by  Streng,  w^ho  found  that  they 
multiplied  rapidly  in  bouillon  at  37°  F. 

*  "Gesammelte  Abhandlungen,"  ii,  S.  686. 


Fig.  7. — From  the  sediment  of  the  sputum 
in  putrid  bronchitis:  1,  P'atty  crystals,  free  and 
within  cells;  2,  fatty  acid  needles;  3,  monas 
and  cercomonas;  4,  leptothrix;  other  fungi; 
spirilla  and  bacteria. 
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2.  Cough  is  characterized  by  its  frequency  and  the  ease  with 
which  large  masses  of  sputum  are  expectorated. 

3.  Fever  is  a  very  frequent  symptom,  which  has  a  very  baneful 
influence  on  the  prognosis.  It  shows  that  a  considerable  quantity  of 
the  decomposed  material  has  passed  into  the  circulation  and  that  a 
septic  infection  is  developing.  Lighter  grades  of  this  infection  may 
last  for  some  time  and  yet  the  patient  eventually  recover. 

Course. — In  simple  uncomplicated  cases  occurring  in  strong  indi- 
viduals, the  putrid  condition  after  some  time — one  to  several  weeks — 
usually  disappears  and  recovery  takes  place.  In  such  cases  the  dis- 
ease has  not  infrequently  a  tendency  to  recur.  In  other  cases  a  septic 
fever  consumes  the  patient,  or  complications  may  occur  which  termi- 
nate life.  Of  these  complications,  some  are  explicable  by  the  influence 
of  the  sputum  on  the  walls  of  the  bronchi  and  on  the  neighboring  lung 
tissue;  these  are  ulcerations  and  gangrene  of  the  lungs,  catarrhal 
pneumonia,  and  diffuse  bronchitis.  The  others  are  metastatic  in  their 
nature :  such  are  fetid  abscesses  in  the  various  organs.  One  was  seen 
by  Lacher  in  the  left  occipital  lobe. 

Diagnosis. — Under  this  heading  we  must  once  more  emphasize 
the  fact  that  we  are  not  dealing  with  an  independent  disease. 
The  correct  diagnosis  must  always  bring  into  prominence  the  ana- 
tomic basis  of  the  cUsease.  Practically  the  chsease  which  we  have 
in  mind  is  bronchiectasis  with  putrid  decomposition  of  the  bronchial 
secretion.  The  statistics  of  so-cahed  putrid  bronchitis  are  so  gener- 
ally collected  from  these  cases  that  all  others  become  insignificant. 
Pure  bronchitis  with  putrid  decomposition  of  the  secretion  is  so  rare 
a  disease  that  I  have  found  only  the  assertions  of  authors  that  there 
is  such  a  disease,  but  no  authentic  history  of  a  case.  The  chagnosis  of 
putrid  bronchitis  owes  its  popularity  to  the  convenience  with  which 
it  can  be  made ;  in  truth  it  is  not  a  complete  chagnosis ;  the  pulmonary 
condition  which  has  caused  the  putrid  decomposition  should  always  be 
determined.  It  is  a  matter  of  the  greatest  difficulty  to  decide  whether 
the  bronchial  walls  are  in  general  intact  or  whether  a  putrid  decom- 
position has  penetrated  into  the  lung  tissue.  Gangrene  of  the  lungs 
is  recognized  by  the  great  tendency  to  hemoptysis  and,  on  micro- 
scopic examination  of  the  sputum,  by  the  presence  of  ragged  shreds 
of  lung  tissue,  which,  however,  show  hardly  a  trace  of  the  character- 
istic elastic  fibers;  for  the  elastic  fibers  are  very  quickly  destroyed 
by  the  gangrenous  fluid,  and  disappear  before  the  fragment  of  tissue 
is  expectorated.  This  detail  is  not  as  important  from  a  clinical 
standpoint  as  might  be  supposed ;  the  important  factors  in  the  diag- 
nosis are  the  presence  of  fever' and  the  general  condition.  Any  case, 
even  an  apparently  mild  one,  may  rapidly  become  septic.  A  priori, 
it  is  natural  to  suppose  when  the  lungs  are  sound  there  is  less  danger 
than  when  the  lungs  are  affected;  but  a  bronchiectatic  subject  is 
never  safe,  and  in  the  present  state  of  diagnosis  every  case  must  be 
regarded  chnically  as  bronchiectatic  if  there  is  a  putrid  discharge  and 
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gangrene  of  the  lung  cannot  l)e  diagnosed.  It  is  not  possible  to 
diagnosticate  putrid  bronchitis  in  the  narrowest  sense  of  the  term. 

If  in  a  case  of  previously  known  {julnionary  disease  with  chronic 
cough,  indefinite  dulness,  and  the  absence  of  tubercle  bacilli  from  the 
sputum,  fetid  expectoration  develops,  the  diagnosis  of  bronchiectasis 
with  putrid  decomposition  is  very  probably  correct. 

If  a  neighboring  cavity,  an  empyema,  an  abscess  of  the  vertebra}, 
of  the  liver,  or  of  the  lung  itself,  or  an  echinococcus  sac  ruptures 
into  the  bronchi,  the  sputum  may  assume  a  fetid  character;  and  if 
this  occurs  suddenly,  the  existence  of  such  a  source  must  always  be 
thought  of. 

If  tubercle  bacilH  are  found  in  putrid  sputum,  it  may  be  assumed 
that  the  walls  of  a  tuberculous  cavity  have  become  gangrenous,  as 
in  such  cases  (of  tuberculosis)  the  process  of  decomposition  is  never 
limited  to  the  bronchial  contents. 

Treatment. — In  the  treatment  of  the  condition  the  disinfecting 
power  of  certain  drugs,  which  are  made  to  act  on  the  bronchi  as  much 
as  possible,  is  utilized.  The  oldest  procedure  w^hich  still  enjoys  great 
popularity  is  the  inhalation  of  turpentine.  A  simple  and  very  useful 
method  consists  in  pouring  the  turpentine  on  hot  water  and  having 
the  patient  draw  deep  breaths  with  his  mouth  directly  over  the 
vessel.  A  better  way  is  to  pour  the  turpentine  into  a  flask  like  an 
ordinary  atomizer,  provided  with  a  suitable  mouthpiece  on  one  side 
and  a  rubber  bulb  on  the  other;  air  is  driven  through  the  flask  and, 
if  the  latter  is  placed  in  hot  water,  becomes  charged  with  the  fumes 
of  turpentine.  This  medicated  air  is  inhaled  by  the  patient.  More 
recently  various  forms  of  inhalers  or  masks  have  been  devised  in  which 
a  sponge  is  held  under  the  patient's  nose  and  mouth  and  turpentine 
or  a  solution  of  carbolic  acid  poured  on  the  sponge  drop  by  drop. 
With  these  masks  a  more  protracted  inhalation  is  possible  than  with 
an  atomizer. 

In  addition,  it  is  customary  to  administer  internally  one  of  the 
substances  that  are  excreted  by  the  bronchial  mucous  membrane  and 
thus  act  as  disinfectants.  For  this  purpose  also  turpentine  is  the 
favorite  remedy.  Other  substances,  such  as  carbolic  acid,  tincture 
of  eucalyptus,  sodium  hyposulphite  (Lancereaux),  and  tincture  of 
benzoin,  have  also  been  recommended.  Eichhorst  introduced  myrtol, 
and  found  numerous  imitators.  Vigorous  supportive  measures  to  im- 
prove the  general  condition,  nourishing  food,  cod-liver  oil,  plenty  of 
exercise  in  the  open  air,  are  not  to  be  neglected. 

When  by  the  help  of  these  measures  the  putrid  character  of  the 
sputa  has  been  made  to  disappear,  the  treatment  of  the  fundamental 
condition  again  asserts  its  rights. 
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TUBERCULOSIS  OF  THE  BRONCHI.       . 

Clixically  tuberculosis  of  the  bronchi  is  never  regarded  or  treated 
as  a  separate  disease ;  it  is  known  only  in  connection  with  pulmonar}^ 
tuberculosis,  to  which  it  is  generally  assumed  to  be  secondary.  But 
this  theory  is  not  to  be  accepted  offhand.  It  is  to  be  remembered 
that  in  the  great  majority  of  cases  tuberculosis  must  be  regarded  as  a 
disease  which,  through  the  invasion  of  the  tubercle  bacillus,  attacks 
certain  predisposed  organs.  It  is  undoubtedl}'  true  that  the  lungs 
of  individuals  who,  either  congenitally  or  because  of  their  mode  of 
life,  possess  a  low  grade  of  resistance  are  especially  predisposed  to 
the  disease. 

The  manner  in  which  the  pulmonary  infection  takes  place  has 
never  been  clearly  established.  It  is  possible  that  tubercle  bacilli  are 
inhaled  and  find  openings  between  the  epithelial  cells  through  which 
they  are  able  to  pass  into  the  subepithelial  tissue.  It  is  possible  that 
the  bacilli  penetrate  as  far  as  the  alveoli  and  then  follow^  the  same  path 
as  soot  and  dust;  that  is,  they  are  carried  off  by  the  lymph  vessels  and 
deposited  in  the  bronchial  glands  or  in  the  follicular  apparatus  of 
the  bronchi.  Here  the}'  establish  themselves  and  cause  enlargement 
and  caseation  of  the  glandular  structures,  which  in  their  growth  gradu- 
ally encroach  upon,  and  finally  perforate,'^  the  bronchial  wall  and  pour 
out  their  infectious  contents  on  the  surface  of  the  mucous  membrane. 
This  infectious  material  is  then  by  aspiration  drawn  into  various  por- 
tions of  the  bronchial  tree  and  leads  to  mde-spread  infection  of  the 
pulmonary  tissue. 

Finally,  there  is  the  possibility  that  the  inhaled  bacilli  may  de- 
posit themselves  in  the  alveoli  and  there  immediately  cause  the  de- 
velopment of  caseation.!  AVhether  all  these  possibilities  take  place, 
and  which  of  them  takes  place  most  frequently,  has  not,  in  the  author's 
opinion,  been  decided  by  the  works  that  have  so  far  appeared  on  this 
subject.  Some  investigators  even  doubt  that  infection  of  the  lung 
takes  place  only  through  inhalation,  believing  rather  that  the  in- 
fectious agent  is  frequently  introduced  through  the  blood  channels. 

Pathologically  two  processes  have  been  demonstrated  in  the 
bronchi:  caseous  bronchitis  and  the  development  of  bronchial  tu- 
bercles. Neither  of  these  two  is  known  to  us  clinically;  they 
are  marked  by  the  complicated  sj-mptoms  of  phthisis.  A  primary, 
to  say  nothing  of  a  pure,  tuberculosis  of  the  bronchi  is  clinically  un- 
known as  yet.     Xevertheless  I  have  no  doubt  at  all  that  there  is  a 

*  Michael,  "Jahrbuch  fiir  Kinderkrankheiten,"  Xew  Series,  vol.  xxii,  p.  30, 
1884. 

t  The  possibility  that  not  the  bacillus  alone,  but  some  derivative,  either  an 
amorphous  product  of  its  activity,  or  morphologic  elements  that  have- in  some  way 
been  irritated  and  predisposed  by  the  bacillus,  is  responsible  for  the  propagation  of 
the  disease  need  scarcely  be  taken  into  consideration  in  the  present  state  of  our 
knowledge.     The  theory  cannot  however  be  definitely  discarded. 
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primary  tiil:)orciilosis  of  the  bronchi,  as  well  as  a  jjriniary  tubeix'ulosis 
of  the  larynx  or  of  the  urinary  passages.  The  tuberculosis  of  children 
is  essentiall}'  a  tuberculosis  of  the  bronchi;  it  is,  as  we  all  know, 
characterized  by  disease  of  the  bronchial  glands,  as  evidenced  by  the 
presence  of  marked  dulness  between  the  shoulder-blades,  and  the 
fact  that  the  cough  is  usually  spasmodic  and  paroxysmal  in  character. 
It  is  further  characterized  by  the  rarity  of  cavity  formation,  of  hemop- 
tysis, of  chronic  circumscribed  apical  involvement,  and,  on  the  other 
hand,  by  a  tendency  to  appear  in  the  form  of  a  lobular  pneumonia, 
and  to  produce  metastases  in  other  organs,  especially  in  the  serous 
membranes.     Bouchat  uses  the  term  "  bronchial  phthisis." 

Tuberculous  bronchitis  shows  an  infiltration  of  the  wall  with  a 
mass  of  small  cells,  producing  considerable  thickening  of  the  wall. 
The  bronchial  walls  are  con-\'erted  into  a  yellowish-white,  homo- 
geneous mass  of  small  cells,  which  is  quite  sharply  defined  on  the 
outer  side  and,  at  the  lumen,  is  limited  by  a  substance  consisting  of 
inspissated  secretion  and  softened  caseous  material.  The  epithelium 
is  destroyed,  wherever  it  comes  in  contact  with  these  masses,  and  the 
friable  material  is  ultimately  discharged  into  the  bronchi.  Here  a 
caseous  ulceration  of  the  bronchial  wall  takes  place.  Caseous  bron- 
chitis arises  mostly  in  the  smallest  bronchioles,  where  they  open  into 
the  alveoli,  and  spreads  from  these  to  the  larger  branches. 

Rindfleisch  places  the  beginning  at  the  point  of  transition  between 
the  smallest  bronchi  and  the  alveoli,  which  he  declares  is  the  regular 
starting-point  of  the  disease ;  but  I  do  not  find  this  exclusive  mode  of 
origin  confirmed  by  other  authors.  There  are  certainly  cases  in 
which  the  disease  begins  in  the  larger  branches,  and  from  these 
advances  to  the  smaller  ones. 

The  final  stage  of  caseous  bronchitis  is  ulceration,  unless  the 
disease  becomes  arrested  and  absorption  takes  place — possibiUties 
that  are  always  present,  although  they  may  not  be  fulfilled. 

CaseoiLs  bronchitis  also  has  a  great  tendency  to  penetrate  more 
deeply  and  cause  the  development  of  peribronchial  inflammation. 
This  caseous  peribronchitis  represents  the  transitional  stage  between 
disease  of  the  bronchi  and  disease  of  the  lungs. 

It  follows,  therefore,  that  caseous  bronchitis  has  a  definite  seat, 
a  positive  starting-point,  and  a  well-defined  area  of  extension — 
namely,  the  subepithehal  connective  tissue  of  the  bronclii,  w^hich 
represents  a  follicular  tissue  very  rich  in  vessels  (both  blood-  and 
lymph- vessels),  and  in  a  sense  limited  externally  by  the  circular 
layer  of  smooth  muscle-fibers.  The  latter,  of  course,  do  not  arrest 
the  disease;  on  the  contrary,  they  always  participate  in  the  morbid 
process,  which  continues  to  advance  and  does  not  even  respect  the 
cartilage. 

An  effort  has  been  made  to  draw  a  strict  line  of  separation  between 
tuberculous  bronchitis  and  tuberculosis  of  the  bronchi,  and  even  now 
that  the  cause  of  both  has  been  shown  to  be  identical,  we  still  adhere 
to  the  distinction.     As  a  matter  of  fact,  the  development  of  circum- 
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scribed  areas  of  true  tubercle,  as  opposed  to  the  diffuse  infiltration  of 
caseous  inflammation,  represents  such  a  very  different  form  of  the  dis- 
ease that  the  distinction  will  no  doubt  continue  to  be  recognized.  It 
is  certain,  however,  that  the  two  processes  are  not  essentially  different, 
but  that  the  one  is  the  cause  and  the  successor  of  the  other,  and  that, 
in  the  great  majority  of  cases,  both  are  present  at  the  same  time. 
Only  early  and  quite  acute  cases  of  miliary  tuberculosis  may  give  us 
the  picture  of  pure  tubercle.  Caseous  bronchitis  is  essentially  a 
chronic  disease,  but  on  careful  examination  true  tubercular  nodules 
will  always  be  found.  The  nodules  lie  in  the  follicular  tissue  already 
referred  to,  between  the  epithelium  and  the  circular  layer  of  muscle- 
fibers.  These  nodules  are  not  infrequently  arranged  in  groups.  Rind- 
fleisch  *  gives  a  description  of  such  a  group  of  nodules,  which  has 
just  broken  through  the  epithelium  and  caused  the  first  loss  of  sub- 
stance. The  nodules  are  destitute  of  blood-vessels,  tend  to  undergo 
caseation,  and  on  rupturing  discharge  their  contents  on  the  surface  of 
the  mucous  membrane.  In  this  way  the  tuberculous  ulcer  originates. 
On  account  of  its  resemblance  to  a  lentil,  it  is  often  called  the  ''  lenticu- 
lar ulcer."  In  the  beginning  of  its  development,  it  is,  however,  much 
smaller  than  a  lentil.  This  ulcer  shows  very  little  tendency  to  heal 
and  a  much  greater  tendency  to  spread  downward  and  laterally. 
There  is  also  a  special  tendency  to  follow  the  course  of  the  lymph- 
vessels  in  this  extension.  In  and  arour^  the  lymph-vessels  the 
tuberculous  infection  goes  deeper,  and  thus,  passing  through  the 
thickness  of  the  mucosa,  reaches  the  peribronchial  tissue.  Peri- 
bronchitis is  thus  produced,  in  which  we  find  a  hard  tissue,  very  rich 
in  cells,  cell  rudiments,  and  cell  nuclei,  in  which  scattered  groups 
and  masses  of  tubercles  are  found. 

Some  pathologic  findings  clearly  indicate  that  this  tuberculous 
process  may  develop  from  the  mucous  glands.  The  gland  in  such 
cases  is  infiltrated  for  the  greater  part,  while  some  acini  are  stiU 
preserved  and  the  neighboring  folHcular  tissue  appears  intact.  These 
tubercular  nodules  which  are  formed  in  the  mucous  glands  are  char- 
acterized by  the  fact  that  they  are  more  deeply  situated  than  those 
that  originate  in  follicular  tissue.  They  produce  a  widening  of  the 
excretory  ducts,  and  at  the  orifices  the  ring-shaped  erosions,  which 
have  long  been  known  to  pathologists,  and  are  not  easily  confounded 
with  the  lenticular  ulcers  due  to  the  rupture  of  tubercular  nodules. 

In  this  connection  it  may  be  mentioned  that  leprosy  also  occurs 
in  the  bronchi,  and  presents  similar  manifestations — namely,  nodules 
and  infiltrations,  both  tending  to  the  formation  of  decomposition 
products  and  to  ulcerations  of  the  free  surface  of  the  mucous  mem- 
brane.    The  clinical  picture  is  that  of  a  slowly  progressing  phthisis. 

*  V.  Ziemssen's  ''  Handbuch,"  vol.  v,  2d  ed.,  p.  192. 
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Ulcer  in  the  right  bronchus,  numerous  dilatations,  death  from  erosion  of  a 
branch  of  the  pulnionarv  arterv. 

Kelly:  "Trans.  Path.  Soc.,""vol.  xxiii,  1872. 

A  parallel  case :  Syphilitic  ulcer  of  the  right  bronchus  at  the  first  point  of  divi- 
sion; erosion  of  pulmonary  artery ;  death. 

Pye-Smith:  "Syphilitic  Interstitial  Pneumonia."  Exactly  at  the  bifurcation  the 
two  bronchi  were  constricted  and  distorted.  The  right  lung  is  practically  intact, 
although  presenting  a  general  emphysema.  The  left  is  densely  consolidated, 
and  presents  interstitial  proliferations  and  bronchiectases.  The  bronchial  and 
mediastinal  glands  are  not  involved.  "Trans.  Path.  Soc.  of  London."  vol. 
xxviii,  p.  334,  1877. 

Schnitzler :  "  Pulmonary  Syphilis  and  Its  Pielation  to  Pulmonarv  Phthisis,"  Vienna, 
18S0. 

Ewart :  Interstitial  peribronchitis,  extending  along  the  larynx  into  the  bronchi,  espe- 
ciallv  into  the  left,  which  is  reduced  to  the  size  of  a  goose-quill.  No  dilatations. 
"Trans.  Path.  Soc,"  1880. 

Kopp:  "  Svpliilis  of  the  Trachea  and  of  the  Bronchi,"  "  Deut.  Arch,  fiir  klin.  Med.," 
1883,  vol.  xxxii,  p.  305. 

Two  cases  in  which,  in  addition  to  the  bronchi,  the  trachea  and  lung  were 
markedlv  involved. 

Silcock:  "  Trans.  Path.  Soc,"  vol.  xxxvii,  p.  115,  1886. 
Svphilitic  ulcerative  broncliitis. 

Packer:"lbid.,p.  119. 

Enormous  constriction  of  the  main  bronchi  by  a  thickening  of  the  mucosa.  The 
constriction  extends  some  distance  into  the  smaller  branches.  In  the  lungs  dis- 
tinct interstitial  proliferations,  and  in  the  peripheral  bronchi  and  in  the  alveoli 
bronchiectases  were  found. 

Schech :  "  Contributions  to  the  Study  of  Syphilis  of  the  Larynx,  Trachea,  and  Bron- 
chi," "  Intern,  klin.  Rundschau,"  1887. 

Gullion:  "Trans.  Path.  Soc,"  vol.  xl,  1889. 

Described  the  syphilitic  ulcer  at  the  lower  end  of  the  trachea  and  initial  por- 
tion of  the  bronchi,  causing  a  narrowing,  especially  of  the  left  bronchus. 

Lanceraux :  "  Syphilis  of  the  Air-passages,"  "  Sem.  med.,"  1891,  No.  1. 

Favraud:  "Svphilitic  Stenosis  of  the  Bronchi,"  "Jour,  de  med.  de  Bordeaux,"  Mav 
31,  1891.' 

Kernig:  "  Petersburger  med.  Wochenschr.,"  vol.  xviii,  1891. 

Syphilitic  stenosis  of  a  light  bronchus.  Respiratory  movement  abolished. 
Falsetto  tone  during  phonation  (Punchinello's  voice).  Cough  is  accompanied 
by  hissing  sound. 

The  text-books  on  Sypliilis. 

The  occurrence  of  secondary  syphilis  in  the  bronclii  is  not  firmly 
established.  Since  diagnosis  by  inspection  is  for  obvious  reasons  im- 
possible, we  can  only  state  that  Schnitzler  and  others  have  seen  in 
secondary  sypliilis  of  the  trachea  slightly  elevated,  red  patches,  which 
rapidly  disappear,  and  thus  resemble  a  macular  or  papular  eruption 
on  the  skin.  It  is  to  be  assumed  that  similar  changes  appear  on  the 
mucous  membrane  of  the  bronclii.  They  cannot  produce  very 
marked  symptoms,  for  although  text-books  on  syphilis  mention  that  in 
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the  secondary  stage  of  that  disease  the  patients  occasionally  com- 
plain of  a  feeling  of  tickhng  in  the  throat  and  have  some  cough  and 
expectoration.     Gintrac  speaks  of  a  syphilitic  cough. 

In  the  trachea  papules  have  -been  seen  by  Seidel  and  Mackenzie. 
Schnitzler  observed  catarrh  which  developed  with  roseola  and  abated 
under  antisyphilitic  treatment,  as  well  as  catarrh  which  was  evidently 
the  continuation  of  a  specific  laryngitis  and  tracheitis.  We  cannot, 
therefore,  doubt  that  there  is  a  secondary  syphilitic  bronchitis.  It 
disappears  at  the  same  time  with  the  other  symptoms  of  the  disease 
and,  so  far  as  we  know,  has  no  practical  importance. 

Tertiary  syphilis  of  the  bronchi,  like  all  other  tertiar}^  manifesta- 
tions, may  appear  very  early  or  very  late;  nothing  is  known  of  an}^ 
characteristic  beginning.  It  is  associated  most  frequently  with 
syphilis  of  the  pharynx  and  larynx,  then  with  that  of  the  lungs, 
testicles,  liver,  and  spleen  (Marfan).  The  lesions  are  located  most 
frequently  in  the  neighborhood  of  the  bifurcation  of  the  trachea,  or 
they  may  be  directly  continued  from  the  lower  end  of  the  trachea, 
which  is  a  relatively  frequent  localization  of  syphilis. 

An  infiltration  soon  develops  about  the  gumma,  which  is  circum- 
scribed and  ranges  in  size  from  that  of  a  lentil  to  that  of  a  walnut; 
it  may  be  single  or  multiple,  or  diffused  over  a  wide  area  of  the  mucous 
membrane.  It  does  not  remain  limited  to  the  mucous  membrane, 
but  attacks  the  entire  wall  of  the  bronchus.  Even  the  cartilage 
may  undergo  a  peculiar  sclerosis.  The  infiltrated  tissues  break  clown, 
the  extent  and  depth  of  the  degenerative  process  being  as  variable 
as  the  infiltration  itself.  When  the  degeneration  extends  to  a  great 
depth,  healing  is  attended  with  the  formation  of  disfiguring  scars. 
Accordingly,  syphilitic  stenosis,  which  is  such  a  dreaded  result,  may 
develop  in  two  ways:  First,  by  syphilitic  infiltration.  The  mucous 
membrane  is  enormously  thickened,  even  to  eight  or  ten  times  its 
normal  thickness,  the  epithelium  is  destroyed,  and  the  underlying 
tissue  is  converted  into  a  fibrous,  thickened,  and  sclerotic  connective 
tissue,  presenting  here  and  there  accumulations  of  round  cells  which 
are  not  very  sharph^  delimited,  gradually  fading  away  into  the  sur- 
rounding tissue.  The  mucous  glands  are  also  destroyed  by  the 
growth,  which  even  attacks  the  cartilage  and  the  tissues  beyond  it, 
with  the  production  of  syphilitic  peribronchitis,  and  sends  out  numer- 
ous processes  into  the  interstitial  tissue  of  the  lungs.  This  process 
gradually  merges  into  the  second  stage.  The  infiltrate  loses  its 
cellular  elements,  part  of  it  undergoes  cicatricial  contraction,  and  the 
rest  is  destroyed  by  ulceration.  But  the  danger  of  stenosis  is  only 
increased,  for  now  a  scar-like  connective  tissue  is  formed,  which 
constricts  and  distorts  the  bronchi  more  firmly  than  before.  The 
constrictions  may  be  of  the  most  varied  form  and  extent. 

Laneeraux  describes  also  a  primary  chondritis  and  perichondritis, 
without  disease  of  the  mucosa  or  submucosa,  in  consequence  of  which 
the  walls  collapse  and  form  an  extremely  hard  and  narrow  tube, 
which  may  attain  a  length  of  1  cm. 
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As  the  disease  frequently  attacks  the  jjeribroiichial  tissue,  a 
syphihtic  peribronchitis  and  interstitial  pneumonia  of  greater  or  less 
extent  almost  always  de\-elop  as  com})lications  of  s}'philis  of  the 
bronclii. 

Two  varieties  have  been  distinguished:  Circumscribed  infiltration 
of  the  gumma,  which  leads  to  the  formation  of  ulcers  and  scars; 
and  diffuse  infiltration,  which  leads  to  atrophic  shrinking  of  the 
mucosa  and  cUffuse  peribronchitis.  To  separate  these  two  forms 
clinically  may  not  now  be  possible,  as  they  often  merge  into  one 
a^iother.  But  there  must  undoubtedl}^  be  a  difference  in  the  symp- 
toms and  clinical  course,  when  one  or  the  other  form  especially  pre- 
dominates. The  first  form  causes  more  hemoptysis  and  is  limited 
to  the  large  bronchi;  the  second  causes  no  hemoptysis,  follows  the 
course  of  the  bronchi  in  its  growth  and  invades  the  lungs,  and  leads 
to  considerable  cirrhotic  change. 

Symptoms  and  Course. — The  cUsease  begins  very  insidiously; 
there  is  some  cough,  but  the  general  impression  is  merel}^  that 
of  an  ordinary  bronchitis.  At  times,  however,  the  attention  of  the 
physician  is  early  directed  to  a  surprising  admixture  of  blood  in  the 
sputum,  wliich  suggests  the  thought  of  phthisis.  Graduall}^  the 
symptoms  of  stenosis  are  added,  and  these  are  often  remarkabl}^ 
reheved  when  expectoration  becomes  more  abundant  and  more 
bloody^  while  they  become  worse  when  it  is  scanty  and  exclusively 
mucopurulent.  In  other  cases  the  symptoms  of  stenosis  do  not 
develop,  a  hectic  fever  appears,  and  the  disease  assumes  the  character 
of  phtliisis.  Hence  the  term  "  phthisis  syphilitica  "  has  been  rightlj^ 
used.  Not  rarely  it  is  complicated  mth  tuberculosis,  and  the  basal 
S3'philitic  character  of  the  affection  is  wholly  lost.  In  a  certain 
number  of  cases  other  complications  give  to  the  disease  a  peculiar 
stamp;  these  are  bronchiectasis,  gangrene  of  the  lungs,  and  broncho- 
pneumonia ;  edema  of  the  lungs  is  even  to  be  feared. 

Diagnosis. — Early  diagnosis  of  the  disease  is  not  difficult  if  the 
history  is  carefully  inquired  into,  and  syphilis  of  the  phar3'nx  or 
trachea  is  e^ddent.  But  when  the  latter  are  free  from  disease,  the 
diagnosis  becomes  difficult,  although  it  may  now  be  established  much 
more  easily  than  in  former  times,  as  tuberculosis  can  be  excluded  on 
the  ground  of  negative  results  in  our  search  for  bacilli.  Where  the 
disease  is  complicated  with  tuberculosis,  the  part  of  the  pathologic 
picture  contributed  by  syphihs  is  verj^  difficult  to  establish.  These 
cases  have  not  hitherto  been  sufficiently  studied  b}^  clinicians,  and 
we  recommend  them  to  their  attention. 

All  diseases  that  cause  symptoms  of  stenosis,  wdiether  unilateral 
or  bilateral,  may  lead  to  confusion.  The  latter  range  themselves 
under  the  symptom-complex  of  tracheal  stenosis.  We  may  especially 
mention  aneurysm  of  the  aorta  and  of  the  large  arteries,  and  tumors 
of  the  mediastinum. 

The  treatment  consists  in  the  use  of  mercury  and  potassium  iodid 
combined.     The  danger  of  this  affection  is  so  great  that  treatment 
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must  never  be  delayed  or  abandoned  for  some  other  consideration. 
Even  a  perfectly  developed  stenosis  is  no  counterindication,  for  in 
the  neighborhood  of  the  old  scar  there  are  usually  more  recent  cica- 
tricial processes  that  are  capable  of  retrogressive  metamorphosis. 
The  stenosis  may  not  be  improved  by  tracheotomy;  but  from  the 
openings  made  attempts  have  been  made  to  dilate  the  constriction 
through  the  tracheal  wound,  and  these  attempts  should  be  recom- 
mended in  appropriate  cases. 


TUMORS  OF  THE  BRONCHI. 

Tumors  of  the  bronchi  are  extremely  rare  occurrences.  The 
following  instances  are  found  in  the  hterature : 

1.  A  case  of  submucous  lipoma,  which  ahnost  completely  filled  the  left  main 
bronchus.  Rokitansky:  "  Lehrbuch  der  pathologischen  Anatomic,"  vol.  iii,  p.  25, 
1861. 

2.  A  case  of  colloid  struma  in  the  right  main  bronchus.  A  tumor  the  size  of  a 
hazelnut,  which  is  regarded  as  arising  from  an  aberrant  portion  of  the  thyroid.  The 
consequence  was  dilatation  of  the  bronchial  branches,  cavity-formation,  empyema. 
Radestock:  Ziegler  and  Nauwerck,  "  Beitrage,"  vol.  iii,  1888. 

3.  An  intrabronchial  chondroma  in  a  woman  sixty-one  years  of  age,  occupying 
the  lower  branches  of  the  bronchus  that  supplies  the  middle  lobe.  The  latter  was 
narrowed  and  behind  the  constriction  was  found  a  large  cavity,  the  dilated  bronchus, 
into  which  the  tumor  projected.  It  was  a  chondroma,  growing  from  the  bronchial 
wall,  which  had  undergone  partial  calcification;  in  the  connective-tissue  part  the 
system  of  blood-vessels  was  considerably  widened,  hence  a  chondro-angioma.  Sie- 
gert:  "Virchow's  Arcliiv,"  vol.  cxxix,  p.  419. 

4.  Papilloma  at  the  bifurcation  of  the  trachea.  Siegert:  "Virchow-'s  Archiv," 
vol.  CXXIX,  p.  413.  Accidentally  discovered  at  the  autopsy;  the  tumor  projected 
into  the  right  bronchus  and  apparently  filled  the  trachea,  but  there  was  no  history  of 
dyspnea  during  life. 

5.  Chiari*:  A  mixed  hpomatous,  chondromatous,  and  adenomatous  tumor 
which  had  encroached  on  a  bronchiectasis. 

6.  The  same  * :  A  tumor  consisting  of  glandular  tissue,  with  cavities  containing 
mucus,  also  encroaching  on  a  bronchiectasis. 

7.  Macintyre  f  operated  on  a  patient  for  papillomatous  growths  in  the  larynx. 
After  these  were  removed,  and  laryngoscopy  revealed  nothing  abnormal,  asthmatic 
attacks  still  continued,  at  the  height  of  which  a  large  amount  of  blood  and  a  fragment 
of  papillomatous  tissue  were  expectorated. 

8.  Laboulbene,  cited  by  Chiari :  A  lipoma  which  contained  spindle-shaped  cells 
(unstriped  muscle-fibers?). 

9.  Williams,  in  "Trans.  Path.  Soc,"  vol.  xxiv,  observed  a  cancerous  tumor  in 
the  mediastinum,  in  which  peculiar  villous  outgrowths  of  the  bronchial  mucosa,  chiefly 
from  the  right  lung,  had  formed,  causing  dilatation  of  the  bronchi.  The  right  bronchus 
was  so  narrowed  that  the  respiratory  murmur  in  the  lower  part  on  the  right  side  was 
entirely  lacking. 

Only  of  carcinoma  have  I  been  able  to  collect  a  number  of  cases : 

Ebstein:  "Deutsche  med.  Wochenschr.,"  1890,  No.  42.     Two  cases. 
Handford:  "Trans.  Path.  Soc,"  London,  1889,  vol.  xl.     Primary  carcinoma  of  the 
left  bronchus. 

*  Prager  med.  Wochenschr.,  1883,  No.  51. 

t  Journal  of  LaryngoL,  vol.  vii,  from  Centralblatt  fiir  Chirurgie,  1893,  No.  50. 
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Dorsch:  Dissertation,  Tiibinpon,  ISSG.  "  Ziogler's  Beitriige,"  vol.  ii.  Primary 
carcinoma  of  the  right  bronchus. 

Korner:  "  Miinchener  med.  Wochenschr.,"  1888,  No.  11.  Carcinoma  of  the  right 
bronchus.     Atelectasis  of  the  lung  from  the  obstruction. 

Rokitansky  says  in  the  "Lehrbuch,"  vol.  iii,  p.  20:  "  In  the  bronchi  we  ob.serve  at 
times  a  cancerous  process  beginning  in  the  bronchial  trimk  and  extending  to  its 
branches;  the  walls  of  the  bronchi  are  thickened  and  rigid,  the  lumen  dimin- 
ishetl,  and  the  inner  surface  of  the  bronchial  walls  appears  rough  and  uneven. 
The  process  occurs  in  association  witli  carcinoma  of  the  bronchial  glands  and 
extensive  carcinoma  of  the  costal  ))leura,  to  which  it  is  no  doubt  secondary." 
At  the  present  time  the  process  would  unquestionably  be  interpreted  as  exactly 
the  reverse  of  this. 

Reinhard:  "Archiv  fiir  Heilkunde,"  1878,  vol.  xix,  p.  369,  describes  a  carcinoma 
which,  Birch-Hirschfeld  declares,  probably  developed  from  the  epithelium  of 
the  bronchial  mucous  membrane. 

Stilling:  "  Virchow's  Archiv,"  1881,  vol.  lxxxiii,  p.  77,  reports  five  cases  of  cancer  of 
the  lungs,  at  least  one  of  which,  the  first,  certainly  developed  from  the  large 
bronchi.  He  inclines  to  the  opinion  of  Birch-Hirschfeld  that  all  pulmonary 
cancers  develop  primarily  from  the  bronchi.  He  describes  in  detail  how  the 
cancerous  growth  advances,  on  the  one  hand,  into  the  bronchi;  and,  on  the 
other,  into  the  l_vmph-vessels  of  the  bronchial  wall. 

Ehrich:  Dissertation,  Marburg,  1891,  describes  three  cases  of  pulmonary  carcinoma, 
in  one  of  which  at  least,  the  second,  the  point  of  origin  was  probably  the  right 
main  bronchus. 

Langhans:  Primary  carcinoma  of  the  trachea  and  bronchi.  "Virchow's  Archiv," 
vol.  Liii,  p.  407. 

Chiari,  I.  c. :  In  the  hilus  portion  of  the  left  lower  lobe  of  the  lungs  a  tumor  was  found 
which  extended  into  the  lungs  along  the  course  of  the  bronchi.  It  consisted  of 
papillary  growths,  covered  with  tall  cylindric  epithelial  cells,  which  appeared  to 
have  developed  from  the  bronchial  epithelium.  Metastases  were  found  in  the 
pleurae,  in  the  bronchial  glands,  in  the  cerebrum,  and  in  the  liver  and  spleen. 

Bennet:  "Trans.  Path.  Soc,"  vol.  xxii.  Carcinoma  of  the  mammary  gland,  with 
metastases  in  the  lungs,  exactly  following  the  course  of  the  bronchi.  The  bron- 
chi were  widened,  at  times  markedly  sacculated,  and  the  walls  were  thickened; 
the  bronchial  glands  free. 

Bristow^e,  "Trans.  Path.  Soc,"  vol.  xix,  p.  228,  describes  a  case  of  carcinoma  of  the 
cardia  and  lower  part  of  the  esophagus.  Here  there  was  a  metastases  into  the 
root  of  the  lung,  from  which  the  tumor  mass  followed  the  ramifications  of  the 
bronclai  and  blood-vessels,  so  that  the  finest  branches  were  embedded  in  it.  In 
the  mucous  membrane  of  the  bronchi  there  were  small  opaque  areas.  The 
bronchial  glands  were  converted  into  tumors. 

Rebitzer:  Miinchener  Dissertation,  1889.  Case  22.  Carcinoma  of  the  central  por- 
tion of  the  esophagus.  The  trachea  from  the  bifurcation  upward  was  filled  with 
yellowish-white  carcinomatous  nodules,  or  degenerated  carcinomatous  masses. 
The  left  main  bronchus  was  in  a  similar  condition.  Free  particles  of  the  new 
growth  were  found  in  both  main  bronchi. 

The  last  cases,  e^ddently  secondary,  have  no  importance  for  our 
purpose.  In  the  first  group,  also,  the  origin  is  not  always  quite  clear. 
But  we  have  a  certain  number  of  cases  of  indubitable  bronchial 
carcinoma,  and  they  w\\\  quickly  increase  if  further  attention  is  given 
to  the  subject.  The  view  has  even  been  advanced  that  the  majority 
of  pulmonary  carcinomata  are  to  be  regarded  as  arising  from 
the  bronchi.  We  vdW  not  here  follow  this  theoretic  contention,  but 
in  practice  we  can  distinguish  tumors  which  arise  from  the  large 
bronchi  and  present  bronchial  symptoms  from  those  which  are  located 
in  the  lungs  and  in  which  pulmonary  symptoms  (lobular  infiltration, 
exudate  in  the  pleura)  dominate  the  pathologic  picture.  With  regard 
to  these  conditions,  Ebstein  also  distinguishes  the  form  which  remains 
chief!}'  limited  to  the  bronchi  from  that  which  spreads  more  exten- 
sively to  the  lungs.     The  latter  will  not  be  considered  here.     The 
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former  are  always  characterized  by  the  fact  that  occlusion  or  obstruc- 
tion of  the  large  bronchi  is  present.  Aside  from  the  characteristic 
symptoms  of  this  condition  (compare  Bronchostenosis),  the  following 
symptoms  are  also  observed:  The  sputum  is  generally  catarrhal, 
but  now  and  then  it  contains  a  small  amount  of  blood.-  Swelling 
of  the  lymph-glands  occurs  in  the  neck  as  well  as  in  the  axillary 
space,  and  is,  of  course,  a  very  important  sign.  The  cachexia  and 
occasional  slight  febrile  disturbances  are  also  to  be  considered.  The 
pain  is  mostly  of  a  pecuHar  obstinacy  and  violence,  and  easily  takes 
on  the  character  of  well-defined  neuralgia — intercostal,  phrenic,  or 
neuralgia  of  the  aortic  or  of  the  pulmonary  plexus.  The  disease  either 
remains  entirely  latent,  or  it  presents  the  symptoms  of  pleurisy  or 
of  extensive  infiltration  of  the  lungs. 
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For  the   older  literature,    see   Riegel  or  Biermer,    "Virchow's 
Archiv,"  vol.  xix. 

I'hissen:  "  Beobachtungen  iiber  Bronchiektasie,"  Dissertation,  Wiirzburg,  1879. 
Forty-two  cases  (32  in  males  and  10  in  females).  The  left  lower  lobe  is  most 
frequently  attacked,  and  then  the  right. 

H.  Miiller:  "Zur  Entstehungsgeschichte  der  Bronchialerweiterungen,"  Dissertation, 
Halle,  1882.  At  the  lower  end  of  the  left  main  bronchus  is  a  tumor  the  size  of  a 
cherry,  which  imperfectly  closes  both  branches.  Considerable  areas  of  bron- 
chiectasis. 

Richardiere :  "  Centralblatt  fiir  klin.  Medicin,"  1885,  p.  335.  _  A  three-year-old  girl 
with  pleuritis,  atrophy  of  the  lung,  and  extensive  bronchitis. 

Adelmann:  "  Petersburger  med.  Wochenschr.,"  vol.  xvi,  p.  102.  Bronchiectasis 
after  whooping-cough. 

Ronde:  "Ueber  die  Aetiologie  der  Bronchiektase,"  Dissertation,  Wiirzburg,  1886. 
A  case  which  speaks  for  the  etiologic  significance  of  pleuritis. 

Bamberger :" Veranderungen  der  Rohrenknochen  bei  Bronch  ektase,"  "Wiener 
klin.  Wochenschr.,"  1889,  No.  11. 

Nicaise:  "  Dilatation  des  bronches,"  "  Revue  de  Med.,"  1893,  No.  9. 

Cayley :  "  Trans.  Path.  Soc,"  vol.  xxxv,  1884,  p.  12.  The  lower  lobe  of  the  left  lung 
was  the  seat  of  considerable  bronchiectasis.  In  the  brain  two  abscesses  were 
found :  one  in  the  right  centrum  semiovale,  reaching  to  the  upper  parietal  con- 
volution, the  other  in  the  left  temporal  lobe. 

William  Ewart :  "  Treatment  of  Bronchiectasis  by  Posture  and  Exercise,"  "  Lancet," 
July  18,  1901. 

A.  A.  Kanthack  and  H.  D.  Rolleston:  "Bronchiectasis  in  Children,"  "Trans.  Path. 
Soc,"  1897. 

Dr.  Howard  Tooth:  "Multiple  Cavities  in  Broncho-Pneumonia,"  "Trans.  Path. 
Soc,"  1897. 

Dr.  Walter  Carr:  "Bronchiectasis  in  Children,"  "Practitioner,"  Feb.,  1891. 

Dr.  Sharkey:  "Acute  Bronchiectasis,"  "  St.  Thomas'  Hospital  Reports,"  vol.  xxii. 

Gerhardt:  "Die  Rheumatoiderkrankungen  der  Bronchiektatiker,"  "  Deut.  Archiv 
fiir  klin.  Med.,"  p.  1,  Bd.  xv,  1875. 

Finlay:  "Clinical  Remarks  on  a  Case  of  Bronchiectasis  treated  by  Incision  and 
Drainage,"  "Brit.  Med.  Jour.,"  vol.  n,  p.  807,  1888. 

Byrom  Bramwell :  "  Clinical  Studies,"  June,  1889. 

Fagge  and  Pye-Smith:  "  Principles  and  Practice  of  Medicine,"  3d  edit.,  1891. 

Seymour  J.  Sharkey:  "Acute  Bronchiectasis,"  "St.  Thomas'  Hospital  Reports," 
vol.  XXII,  1892. 
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Sir  T.  Grainger  Stewart  :  "  On  the  Treatment  of  lironeliiectasis,"  "  Brit.  Med.  Jour.," 

June  3,  1893. 
\\'illiani  Ewart :  "Two  Lectures  on  lironcliiectasi.s,"  "("linieal  Jour.,"  Feb.,  1894. 
Colin  ('ani])bell :  "  Tiie  Treat'nent  of  Re.s])iratory  Affections  by  Means  of  Large  Medi- 
cinal Injections  through  the  Larynx,"  "  R.  Nied.-Chir.  Soc.  Trans.,"  vol.  Lx.wiii, 

p.  93,  1894<7.srfy.,  1895. 
Franci<e:  "  Jironchieetasis,"  "  Deutsches  Archiv  fiir  ivlin.  Med.,"  Bd.  Lii,  1894. 
Layeock:  "  lironchiectasis,"  "  Edinb.  Med.  Jour.,"  Marcii,  1805. 
Sir  T.  Grainger  Stewart:  "Dilatation  of  the  Bronchi  or  Bronchiectasis,"  "  Edin. 

Med.  Jour.,"  July,  18G7. 
Sir  T.  Grainger  Stewart  and  Dr.  Gibson :  "  Twentieth  Century  Practice  of  Medicine," 

vol.  VI,  1896. 
C.  Brian  Dobell:  "A  Ca.se  of  Bronchiectasis  treated  Ijv  Inhalation  of  Coal-Tar  Crea- 

sote  Vapour,"  "  Brit.  Med.  Jour.,"  June  20,  p.  1502,  1890. 
Compare  the  literature  on  syphilis,  on  diseases  of  the   bronchial  glands,  and  on 

foreign  bodies. 

Dilatation  of  the  bronchi  is  not  a  very  rare  condition,  -when  we 
consider  all  the  lighter  grades  of  it  which  occur  in  the  most  various 
diseases  of  the  lungs.  A  certain  degree  of  localized  bulging  or  dilata- 
tion of  the  bronchi  is  obser\'ed  in  every  condition  associated  with 
marked  alteration  of  the  pulmonary  tissue.  As  long  as  this  is  of 
slight  extent,  it  has  no  clinical  significance,  but  as  no  sharp  hne  can 
be  drawn,  these  insignificant  forms  demand  some  consideration ;  they 
are  necessary  to  a  comprehension  of  the  condition.  In  describing 
the  symptoms,  the  clinical  picture  will  be  sketched,  but  it  is  by  no 
means  explained  by  the  pathologic  picture. 

Varieties. — There  are  so  many  different  forms  of  bronchiectasis 
that  it  is  impossible  to  describe  them  under  one  heading.  I  believe 
that  the  great  confusion  which  now  pre^-ails  is  due  to  the  grouping 
together  of  different  forms,  and  that,  of  all  things,  we  must  have  a 
good  classification  in  order  to  gain  a  clearer  understanding  of  the  sub- 
ject. But  there  lies  the  difficulty.  In  this  treatise  I  shall  make  the 
following  subdivisions : 

1.  Infiammatonj  bronchiectasis,  usually  called  simply  the  saccular 
forms.  As  the  shape  is  not  a  determining  factor  in  this  classification, 
I  prefer  not  to  use  names  based  on  the  shape  of  the  dilatation  in  the 
clinical  description. 

2.  Vicarious  bronchiectasis,  usually  called  cylindric,  because  the 
dilatation  of  the  bronchi  is  mostly  cyhndric  in  shape ;  the  inflammatory 
changes  in  the  lungs,  when  present,  do  not  affect  the  bronchi. 

3.  Congenital  bronchiectasis. 

4.  Atelectatic  bronchiectasis. 

There  is  in  the  literature  a  large  number  of  bronchiectatic  cases 
w^hich  we  shall  not  be  able  to  classify.  Not  infrequently  we  find  them 
in  the  histories  of  patients,  who  do  not  make  the  bronchiectasis  the 
subject  of  their  complaints,  and  in  whom  the  expression  of  the  bron- 
cliiectasis  is  transient,  so  that  wecan  get  no  idea  at  all  of  the  character 
or  genesis  of  the  condition. 

The  di\dsion  of  bronchiectasis  into  hypertrophic  and  atrophic 
forms  was  tried  by  the  first  writers  upon  this  condition.  Biermer 
distinguishes  bronchiectasis  with  inflammatory  thickening  of  the  walls, 
bronchiectasis  with  simple  atrophy  of  the  walls,  and  mixed  forms. 
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The  cases  of  simple  atrophy  must,  in  my  judgment,  be  set  apart,  for 
they  are  found  most  perfectly  when  no  inflammation  is  demonstrable 
or  even  probable.  I  have,  therefore,  formed  my  second  subdivision 
of  these  cases.  The  cases  usually  seen  in  practice  and  diagnosed  as 
bronchiectasis  belong  to  the  first  or  third  group  of  Biermer's  classifica- 
tion. The  inflammation  in  these  cases  is  quite  regularly  present, 
and  its  products  are  distinctly  demonstrable  in  various  portions  of 
the  bronchial  wall  and  the  surrounding  pulmonary  tissue. 

The  distribution  of  the  bronchiectasis  in  the  different  parts  of 
the  lungs  has  been  studied  by  Lebert,  and  I  quote  his  figures  and 
add  the  cases  of  Trojanowski: 

Right  lung 15-40         Left  lung  . 13-42 

Upper  lobe 4-14         Upper  lobe 2-10 

Middle  lobe 1-2         Lower  lobe 2-14 

Lower  lobe 6-11         Entire  lung  . 9-18 

Both  lungs 26-35 

Middle  and  lower  lobes ....  1-  3         Symmetric 15-14 

Entire  lung 3-10         Predominating  in  the  right   3-10 

Predominating  in  the  left.   8-11 

But  these  figures  are  worthless,  as  very  different  processes  have  no 
doubt  been  grouped  together. 


INFLAMMATORY  BRONCHIECTASIS. 

Pathologic  Anatomy.  — The  older  pathologic  anatomy,  which  was 
founded  by  the  French  writers,  subdivides  bronchiectasis,  in  the  first 
place,  according  to  its  shape.  But  this  mode  of  differentiation  is 
decidedly  no  longer  satisfactory;  unfortunately,  we  have  not  yet 
agreed  on  any  other.  Inflammatory  bronchiectasis  may  assume  any 
shape;  the  saccular  is  the  most  frequent,  but  the  fusiform  and  the 
cyliudric  may  also  be  inflammatory.  The  latter  practically  represent 
the  rule  in  the  other  forms  of  bronchiectasis,  and  so  it  happens  that 
in  practice  we  occasionally  use  the  term  saccular  for  the  inflammatory, 
and  cylindric  for  the  non-inflammatory  form.  However,  I  shall  not 
adopt  that  nomenclature. 

In  the  cylindric  form  the  affected  bronchial  branches  retain  the 
size  they  had  at  the  beginning,  without  becoming  constricted  in  their 
course;  they  may  even  increase  in  diameter.  Often  the  dilated 
portion  passes  quite  suddenly,  rarely  gradually,  into  a  tube  of  normal 
caliber.  Just  as  suddenly,  a  tube  of  much  larger  diameter  may  origi- 
nate from  one  of  smaller  size.  This  form  is  found  mostly  in  tubes  of 
the  third  and  fourth  order.  But  if  the  terminal  bronchi  are  attacked, 
which  may  occur  after  infarcts  and  bronchopneumonia,  the  section 
shows  the  appearance  of  cavernous  tissue.  The  fusiform  is  only  an 
accessory  form  of  the  cylindric ;  when  several  spindles  lie  together  along 
a  bronchus,  we  speak  of  moniliform  bronchiectasis.  This  occurs 
especially  in  the  apices  of  the  lungs.  Cruveilhier  has  distinguished 
enlargement  of  the  whole  circumference  {dilatation  circonferentielle) 


BRONCHIECTASIS.  181 

and  lateral  ectasis  (dilatation  ampullaire  laterale),  but  the  distinction 
has  no  special  value. 

Clinically,  the  most  important  form  is  the  saccular;  this  also 
belongs  rather  to  the  smaller  than  to  the  larger  bronchi.  The  posi- 
tion of  the  sacculation  is  usually  such  that  the  air  can  enter  from  the 
trachea,  but  cannot  escape.  The  passage  then  may  lead  through 
normal,  through  enlarged,  or  through  narrowed  bronchi. 

When  the  terminal  portions  of  the  bronchi,  the  infundibula,  be- 
come enlarged,  the  alveoli  opening  into  them  participate  in  the  pro- 
cess, their  septa  atrophy,  and  small  cavities  are  produced  which  have 
been  designated  pulmonary  ^'acuoles.  They  may  be  quite  similar 
to  the  dilatations  occurring  in  emphysema.  In  many  cases  the  sac 
is  not  only  without  exit,  but  the  bronchus  leading  into  it  is  also 
obliterated,  so  that  the  result  is  the  formation  of  a  cyst.  The  size  and 
number  of  the  sacs  may  be  quite  different.  Ca^dties  have  been  found 
of  the  size  of  a  hen's  egg,  although  they  mostly  vary  between  the  size 
of  a  cherry  and  that  of  a  walnut;  the  smaller  are,  as  a  rule,  more 
numeroas  and  located  at  the  periphery,  while  the  larger  are  isolated 
and  centrally  placed.  We  have  cases  where  the  whole  lung  is  changed 
into  a  spong}^  tissue.  [In  the  saccular  form  the  pulmonar)^  tissue  of 
the  whole  lobe  of  the  lung  may  have  disappeared  for  areas  of  con- 
siderable extent,  and  in  its  place  large  numbers  of  rounded,  smooth- 
celled,  shiny  saccules  are  seen,  each  presenting  a  small  opening  in  its 
floor.  This  constitutes  the  condition  known  as  the  'Hurtle  lung," 
from  its  similarity  in  appearance  to  the  lung  of  that  animal. — Ed.] 
We  often  find  cylindric,  fusiform,  and  saccular  ca^dties  together,  and 
can  see  how  the  one  form  may  pass  over  into  the  other. 

The  bronchial  wall  in  the  ectatic  portions  is  never  normal.  In 
the  mildest  cases  the  wall  is  in  a  catarrhal  state,  the  epithelium  is 
preserved  only  in  patches,  the  mucous  membrane  is  thickened  by 
cellular  infiltration,  and  the  normal  elasticity  is  diminished  or  wholly 
lost  through  its  influence.  If  the  catarrh  persists  for  some  time,  it 
leads  to  hypertrophy.  The  mucous  membrane  is  so  uneven  that  it 
appears  to  be  covered  by  small  villi,  and  the  glands  and  cartilage  hing 
under  it  are  like^^'ise  hypertrophied ;  in  this  hypertrophy  even  the 
connective  tissue  of  the  external  bronchial  wall  takes  part,  and  it 
grows  from  there  into  the  alveolar  septa.  After  a  certain  time  the 
connective  tissue  undergoes  a  cicatricial  contraction;  the  swelling  of 
the  mucous  membrane  gives  way  to  atrophy,  the  membrane  is  no 
longer  smooth,  but  very  uneven ;  and  wheals  are  produced  at  various 
points  on  the  bronchial  wall.  Sometimes  the  cartilage  remains  en- 
larged, although  in  other  cases  it  certainly  atrophies  "«ith  the  other 
tissues.  The  muscular  and  elastic  tissue  in  part  become  irregularly 
atrophied,  and  the  connective  tissue  projects  into  the  lumen  and 
forms  trabecular.  Accordingly,  the  condition  is  also  called  trabecular 
degeneration  of  the  walls. 

The  connective  tissue  in  many  cases  takes  the  place  of  the  longi- 
tudinal elastic  fibers,  and  a  longitudinal  striation  thus  arises;  if  it 
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replaces  more  the  transverse  fibers,  a  transverse  striation  develops; 
finally,  if  it  develops  in  both  directions,  it  gives  rise  to  a  reticular 
appearance.  Hj^pertrophied  muscle-fibers  have  also  been  found  in 
many  cases.  The  result  is  always  that  the  bronchiectatic  areas  have 
a  thick  wall.  But  there  are  also  cases  in  which  the  enlargements 
have  quite  a  thin  wall,  where  the  change  is  accompanied  by  the 
process  which  we  knoAv  as  atrophic  catarrh.  This  form  may  occur 
as  the  terminal  stage  of  the  process  just  described,  but  in  that  case 
only  a  portion  of  the  bronchial  wall  atrophies;  there  are  always 
thickened  masses  and  interstitial  processes,  which  extend  through  the 
lungs  in  strong  bands  of  scar  tissue  and  constitute  a  characteristic 
feature  of  this  variety  of  bronchiectasis.  The  epithelium  is  frequently 
said  to  be  well  preserved,  because  ciliated  epithelium  is  often  obtained 
in  bronchiectasis.  There  is  no  doubt,  however,  that  its  continuity 
is  destroyed  to  a  considerable  extent,  or  else  the  type  is  changed  to 
the  pavement  epithelium  which  we  know  in  bronchitis.  Nevertheless 
it  is  quite  true  that,  on  careful  search,  in  protected  places,  we  may 
often  find  very  well-preserved  ciliated  cells. 

The  walls  of  the  bronchi  often  undergo  more  extensive  and  severer 
changes.  In  the  first  place  calcifications  may  form,  which  preferably 
attack  the  cartilage,  but  are  also  found  in  the  connective  and  muscular 
tissues;  particles  of  lime  are  even  found  in  the  epithelium.  In  the 
second  place,  superficial  ulcerations  form,  which  may  become  covered 
with  a  peculiar  grayish-yellow  exudate  of  offensive  odor.  These 
ulcerations  may  then  give  rise  to  cicatrices,  to  connective-tissue 
growths,  and  to  shrinking  of  the  tissues.  But  they  may  also  be  the 
point  of  origin  of  pulmonary  gangrene.  In  the  third  place  there  may 
be  a  considerable  change  in  the  blood-vessels  * ;  these  may  become 
symmetrically  enlarged,  so  that  a  cavernous  meshwork  lies  in  the 
submucosa,  or  they  may  form  numerous  small  aneurysms. 

Adhesive  processes  and  deformities  of  the  bronchial  wall  often 
occur.  We  have  already  mentioned  that  the  bronchi  leading  from 
the  dilatation  are  quite  usually  obliterated.  The  same  may  happen 
to  the  bronchi  leading  to  the  enlargement,  and  thus  the  bronchi- 
ectatic cyst  is  formed.  The  contents  may  consist  of  a  purely  serous 
fluid,  a  more  exact  analysis  of  which  has  not  yet  been  made.  The 
contents  may  become  inspissated  or  calcified  even  to  the  formation 
of  concretions. 

[According  to  Ewart,  the  distinction  between  tuberculous  caAdty 
and  simple  dilatation  occurring  at  the  apex  never  presents  any  diffi- 
culty, except  in  chronic  cases  of  phthisis  where  a  vomica  has  emptied 
all  its  matter  and  presents  a  smooth  and  relatively  dry  surface. 
Close  inspection  will  show:  (1)  That  the  bronchus  opens  into  the 
cavity  too  abruptly  for  bronchiectasis;  (2)  that  the  bronchial  mem- 
brane can  only  be  followed  for  a  short  distance  around  the  orifice  of 
the  bronchus;  and  (3)  that  the  wall  of  the  cavity  presents  none  of  the 
*  Hanot  et  Gilbert,  Arch,  de  physiol.,  1881. 
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sculptural  detail  which  identifies  the  original  structure  of  a  bronchus 
even  in  extreme  (hiatal ion. — Ed.] 

The  appearance  which  a  bronchiectatic  lung  presents  is  very 
variable,  according  to  whether  the  dilatations  are  large  and  single,  or 
small  and  multiple.  In  the  latter  case  the  lung  may  be  likened  to  a 
sponge  filknl  with  purulent  mucus.  A  single  dilatation  is  generally 
larger  and  situated  near  or  in  the  interior  of  the  lung,  while  multiple 
ones  are  more  superficial ;  but  there  is  no  hard  and  fast  rule.  [Speak- 
ing generally,  it  may  be  stated  that  when  the  condition  follows  acute 
or  chronic  bronchitis,  or  bronchopneumonia,  especially  in  childhood, 
many  tubes  are  dilated;  whereas  when  it  is  a  sequel  of  collapse  from 
pleural  effusion,  lobar  pneumonia,  the  impaction  of  a  foreign  body, 
or  stenosis  of  a  large  bronchus,  it  may  for  a  time  be  limited  to  the  area 
of  lung  affected  by  the  primary  lesion. — Ed.] 

The  secretion  in  the  dilated  bronclii  and  in  the  sacculations  con- 
sists of  mucus,  containing  large  numbers  of  pus-cells  and  desquamated 
cells  from  the  epithelium  of  the  bronchi  and  alveoli.  The  pus  may 
through  infection  become  putrid ;  in  places  where  the  communication 
with  the  air  is  limited,  it  may  become  inspissated,  fat  needles  may 
cr}-stallize  out,  calcium  salts  may  precipitate,  and  friable,  mortar- 
hke  masses  may  be  formed,  or  the  process  may  even  go  on  to  the 
formation  of  broncholiths.  Blood  is  also  occasionally  found ;  and,  of 
com'se,  different  kinds  of  bacteria  and  fungi.  Under  other  circum- 
stances fat  cr3'stals  may  separate  as  in  putrid  bronchitis,  or  choles- 
terin  may  be  formed.  [In  some  cases  the  dilated  bronchus  through- 
out its  length  is  filled  wdth  clear,  sw^eet,  gelatinous-looking  mucus, 
somew^hat  resembling  the  contents  of  a  culture-tube  of  nutrient 
gelatin.  On  closer  inspection  it  will  be  seen  that  the  upper  surface 
presents  a  3'ellowish  tinge,  and  here  a  grow^th  of  micro-organisms  may 
be  found,  rendering  the  likeness  still  more  complete. — Ed.] 

When  the  dilatations  are  shut  off  from  commimication  with  the 
air  by  the  obliteration  of  the  proximal  portion  of  the  tube  through 
which  the  air  should  enter,  they  often  contain  a  light-colored,  clear 
mucus.  The  ordinar}^  purulent  forms  act  like  true  abscess  cavities. 
We  find  in  them  no  epithelial  covering,  that  might  suggest  bronchial 
epithelium,  but  a  layer  of  fusiform  cells,  with  scattered  pus-corpuscles. 
The  elastic  tissue  lying  under  the  epithelium  is  often  no  longer  to  be 
found,  or  is  only  rudimentary,  so  far  as  it  is  present;  the  muscle- 
cells  may  also  have  disappeared,  and  in  some  places  be  replaced  by 
connective  tissue;  in  other  places,  however,  they  are  found,  and 
even  appear  hypertrophied.  The  cartilage  also  has  suffered  from 
injurious  influences,  becomes  calcified  and  sloughs  out,  or  becomes 
atrophied.  It  is  very  sm-prising  how  differently  the  various  portions 
of  the  wall  of  the  ca\dty  may  act ;  evidently  the  atrophic  and  hyper- 
trophic processes  change  according  to  the  influences  of  pressure, 
degeneration,  and  inflammation.  The  same  may  be  said  of  the  glands. 
Cornil  and  RanAier  are  of  the  opinion  that  the  region  which  they  call 
the  "equator  of  the  ampulla"  shows  the  most  extensive  atrophic 
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changes ;  here  the  muscle-fibers  have  entirely  disappeared,  while  they 
are  still  preserved  at  the  poles.  But  this  law  can  be  considered  as 
correct  only  in  a  very  general  way,  and  it  has  numerous  exceptions. 
The  surface  of  the  cavity  often  shows  numerous  granulations,  inflam- 
matory growths,  which  may  be  extraordinarily  rich  in  blood-vessels 
and  in  which  the  vessels  present  occasional  aneurysmal  changes. 
These  granulations  may  be  the  source  of  very  obstinate  hemorrhages. 

The  lung  tissue  around  the  bronchiectatic  area  naturally  shows 
marked  changes:  emphysematous  conditions  and  fibrous  thickenings 
are  to  be  observed.  The  latter  have  been  characterized  as  cirrhotic, 
and  others,  again,  speak  of  sclerotic  conditions  of  the  lungs;  indeed, 
this  tissue  may  assume  the  hardness  and  toughness  of  very  dense  scar 
tissue.  The  pleurae  almost  invariably  participate  in  the  process, 
when  the  foci  are  at  all  extensive  and  not  entirely  limited  to  the  cen- 
tral portion  of  the  lungs.  The  two  laj^ers  may  become  adherent, 
and  a  large  mass  of  scar  tissue  may  bind  the  lungs  to  the  thoracic 
wall.  The  bronchial  glands  also  usually  participate  in  the  changes. 
The  bronchi,  which  are  not  enlarged,  and  the  trachea  usually 
present  catarrhal  changes  in  bronchiectasis. 

In  a  certain  number  of  cases  tuberculosis  complicates  the  clinical 
picture  of  the  bronchiectasis ;  while  the  one  is  not  excluded  by  the 
presence  of  the  other,  they  do  not  coexist  very  frequently.  Smaller 
bronchiectatic  areas,  which  have  no  special  cHnical  significance,  are 
not  infrequent  in  tuberculosis.  There  is  a  tendency  to  the  formation 
of  larger  bronchiectatic  areas  in  tuberculosis  only  in  cases  which  tend 
to  recover  by  the  formation  of  connective  tissue,  and  these  are  always 
very  circumscribed  processes,  occurring  in  the  apices  of  the  lungs. 
Emphysema  of  the  lungs  of  a  higher  degree  is  often  found  in  the  final 
stage  of  bronchiectasis ;  it  begins  as  an  emphysema  of  the  borders  of 
the  lungs,  representing  a  kind  of  compensation,  to  aid  in  the  filling 
out  of  the  pulmonary  space  in  the  thorax ;  its  occurrence  is  favored  by 
coughing. 

Changes  in  the  pleura  are  very  frequent  in  this  disease,  so  much 
so  that  the  pleural  affection  has  even  been  designated  as  the  cause  of 
the  bronchiectasis.  The  same  connective-tissue  formation  which 
leads  to  sclerosis  of  the  lungs  causes  also  fibrous  pleurisy,  resulting  in 
adhesions.  The  pleurisy  does  not,  however,  directly  lead  to  bronchi- 
ectasis. Large  exudates  compress  the  lungs  and  the  plastic  forma- 
tions that  remain  render  the  compression  permanent.  Degenera- 
tions must  influence  the  lung  tissue  by  the  formation  of  scars, 
but  they  have  not,  as  a  rule,  the  power  to  cause  bronchiectasis,  unless 
certain  other  necessary  factors  are  sui)eradded.  We  shall  return  to 
this  subject  later. 

Atelectatic  areas  are  frequent  in  bronchiectasis,  but  are  only 
of  very  slight  extent.  Larger  atelectatic  areas  never  exist  long,  as 
they  always  lead  to  shrinking,  with  marked  changes  in  the  bronchi 
and  in  the  lung  tissue ;  they  may  then  occasionally  cause  the  forma- 
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tion  of  cysts.     Atelectasis  as  a  cause  of  bronchiectasis  is  still  to  be 
taken  as  a  subject  for  special  consideration. 

Changes  in  the  Lungs. — ^The  lung  tissue  in  this  form  always  par- 
ticipates by  means  of  an  inflammation  (and  therefore  I  call  it  the  in- 
flammatory form)  or  the  pulmonary  tissue  is  the  part  first  affected. 
Charcot  describes  a  special  disease  as  "  sclerose  broncho pulmonaire  avec 
dilatation des  branches";  it  is  nothing  but  Corrigan's  cirrhosis,  except 
that  Charcot  regards  the  bronchiectasis  as  the  necessary  result  of  a 
specific  form  of  the  chronic  inflammation  of  the  lungs.  This  hypothesis 
is  by  no  means  supported,  as  we  do  not  see  in  what  respect  this  affec- 
tion is  distinguished  from  other  chronic  forms.  Charcot  himself  admits 
that  there  are  forms  in  which  the  sclerosis  of  the  lungs  predominates  to 
such  an  extent  that  the  bronchiectasis  plays  no  essential  part,  and 
so  Marfan  decides  to  devote  a  special  chapter  to  bronchopulmonary 
sclerosis,  in  which  he  adds  nothing  new  to  what  he  says  under  bronchi- 
ectasis, but  merely  establishes  the  point  of  view  that  there  is  a  quite 
special  disease  of  the  lung  tissue,  the  introductory  stage  of  w^hich  he 
describes  as  "carnization."  This  condition  of  the  lung  tissue  evi- 
dently occurs  during  many  inflammatory  processes,  especially  in 
bronchopneumonia,  but  the  bronchi  are  said  to  be  enlarged  from  the 
first.  This  peculiar  form  of  inflammation  has  never  been  recognized  by 
special  pathologists,  so  far  as  I  can  see.  It  is  the  expression  of  our 
clinical  necessity  for  the  imderstanding  of  this  form  of  bronchiectasis. 
Thus,  the  dilatation  of  the  bronchi  is  here  represented  as  an  affection 
which  from  the  beginning  is  a  peculiar  feature  of  the  clinical  course, 
and  which  cannot  be  regarded  as  secondary  to  the  atrophy  of  the  lungs. 
This  conclusion  has  the  very  attractive  qualities  of  simplicity  and 
clearness,  but  it  is  by  no  means  demonstrated,  and  really  is  not  even 
probable.  The  clinician  might,  in  the  cases  in  which  the  etiology  is 
still  very  obscure,  be  tempted  to  accept  this  conclusion  as  true,  for 
many  doubts  may  be  settled  with  it,  but  it  is  still  only  a  theory. 
When  I  consider  the  cases  of  bronchiectasis  due  to  the  aspiration  of 
foreign  bodies,  we  have  before  us  in  these  characteristic  examples  a 
bronchopulmonary  sclerosis  corresponding  in  all  respects  with  the 
descriptions  of  Charcot  and  his  followers,  although  there  can  be  no 
question  of  anything  specific.  These  cases,  on  the  other  hand,  suggest 
the  assumption  that  when  the  normal  course  of  an  ordinary  inflam- 
mation of  the  lungs  is  disturbed  by  any  injurious  agents,  when  cause 
for  new  inflammatory  processes  is  given,  then  the  opportunity  for 
formation  of  bronchiectatic  areas  occurs.  That  the  opportunity  de- 
pends on  the  location  and  the  extent  of  the  inflammation  there  can 
be  no  doubt.  If  observers  will  direct  their  attention  to  this  point 
in  each  individual  case,  I  have  no  doubt  that  the  guiding  thread  in 
this  labyrinth  of  symptoms  will  eventually  be  found. 

Etiology. — ^The  manner  in  which  bronchiectasis  develops  has  given 
rise  to  many  explanations  and  many  hypotheses.  We  find  these 
things  minutely  cited  and  critically  considered  by  Biermer,*  then 

*  Virchow*s  Archiv,  vol.  xix. 
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again  by  Jiirgensen,*  and  now  by  Marfan. f  All  authors  are  agreed 
on  the  fact  that  bronchiectasis  can  only  arise  after  the  capacity  for 
resistance  of  the  bronchial  tube  has  been  diminished  by  some  destruc- 
tive process.  General  nutritive  disturbances,  such  as  anemia,  mal- 
nutrition, or  alcoholism,  are  not  in  themselves  sufficient  to  cause  the 
condition;  there  must  be  some  inflammatory  process  to  destroy  the 
integrity  of  the  bronchial  structure.  All  such  inflammations  are 
therefore  predisposing  causes  of  bronchiectasis. 

The  ordinary  forms  of  broncliitis  evidently  do  not  fulfil  these 
conditions,  for  otherwise  bronchiectasis  would  be  a  very  frequent 
occurrence.  Marfan  says  that  the  bronchopneumonia  of  influenza, 
measles,  whooping-cough,  and  typhoid  fever  predisposes  to  the  con- 
dition, but  I  cannot  agree  even  with  this  statement;  a  special  malig- 
nancy is  necessary  in  these  diseases  to  bring  about  such  consequences, 
and  it  is  not  always  perfectly  clear  on  what  this  malignancy  depends. 
At  all  events,  there  is  a  general  agreement  of  opinion  regarding  this 
main  predisposing  condition. 

There  is  much  less  agreement  concerning  the  exciting  cause.  With 
many  others,  I  find  this  cause  in  the  increase  of  pressure  in  the  affected 
and  already  diseased  bronchi.  It  is  firmly  established  that  in  expira- 
tion, when  the  glottis  is  closed,  the  pressure  may  easily  rise  to  80  mm. 
of  mercury,  while  in  quiet  expiration  it  does  not  exceed  2  or  3  mm. 
In  this  way  such  enormous  variations  are  produced  that  we  cannot 
wonder  at  their  exerting  an  injurious  influence  when  the  normal 
structure  of  the  bronchi  is  very  much  altered.  For  the  healthy 
bronchus  can  endure  a  great  increase  of  pressure,  as  is  shown  in  the 
case  of  singers,  whose  lungs  are  strengthened  by  singing. 

Crying,  singing,  and  especially  coughing  affect  a  bronchial  tree 
with  normal  powers  of  resistance  in  such  a  way  as  to  cause  a  general 
bronchiectasis,  which  becomes  noticeable  only  when  it  is  excessive, 
and  immediately  becomes  neutralized.  If,  on  the  other  hand,  there 
are  one  or  several  weak  spots  in  the  bronchial  wall,  variations 
of  pressure  may  be  quite  different  in  their  significance.  In  order  to 
adhere  to  facts,  and  not  to  wander  too  far  in  the  realm  of 
hypothesis,  we  must  ask  in  what  conditions  bronchiectasis  is  prin- 
cipally found.  When  w^e  ask  for  the  causes  of  bronchiectasis,  we  find 
all  possible  pathologic  conditions  enumerated.  I  said  at  the  beginning 
that  there  were  no  marked  changes  in  the  tissues  of  the  lungs  and 
pleura,  in  which  these  enlargements  were  not  occasionally  observed. 
Biermer  mentions  the  following:  (1)  Bronchitis,  especially  capillar}^ 
bronchitis ;  (2)  lobular  catarrhal  pneumonia ;  (3)  typhoid  hypostatic 
conditions;  (4)  lobar  pneumonia,  especially  of  subacute  or  chronic 
course;  (5)  tuberculosis;  (6)  obliteration  of  the  bronchioles,  with 
slaty  induration  of  the  surrounding  tissue;  (7)  stenosis  of  the  larger 
bronchi  (by  cicatricial  contraction,  compression  from  without,  or 
obstruction  from  within) ;  (8)  marasmus  of  the  lungs ;  (9)  pleuritis  and 

*In  Ziemssen,  "Sammelwerk." 

fin  the  new  French  "Traite  de  Medecine." 
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pleural  growths.  It  is  clear  that  such  an  ciuuncration  is  of  extremely 
little  value  for  an  insip;ht  into,  and  thorough  understanding  of,  the 
matter. 

I  find  one  factor,  which  may  be  mentioned  1  here  as  preeminently 
frequent:  stenosis. 

For  further  illustration,  it  is  well  to  remember  that  Lichtheim  was 
able  to  produce  bronchiectasis  experimentally. 

Accordinfj;  to  Lichtheim,  Traube  has  proved  experimentally  that 
artificial  occlusion  of  a  bronchus  produces  atelectasis  of  the  portion 
of  lung  tissue  supplied.  Lichtheim  him.self  confirmed  the  experiment 
by  a  method  which  is  abo^•e  criticism  * ;  twenty-four  hours  after  total 
occlusion  of  a  bronchus,  the  lung  tissue  which  it  supplies  becomes 
absolutely  atelectatic.  The  bronchi  in  the  atelectatic  portion  on  the 
distal  side  of  the  occluding  plug  were  filled  with  thick,  white  pus. 
But  when  the  experiment  was  performed  in  such  a  way  that  the 
animal  continued  to  live  some  weeks  after  occlusion  of  the  bronchus, 
there  resulted  a  moderate  dilatation  of  the  entire  bronchial  tree, 
leaving  a  portion  of  the  lung  tissue  atelectatic;  or  the  bronchial 
system  was  gorged  with  tenacious  white  pus  while  the  pulmonary 
parenchyma  was  reduced  to  a  minimum.  The  latter  represented  the 
greatly  attenuated,  indurated  wall,  barely  a  millimeter  in  thickness, 
of  a  pus-sac  which  on  section  presented  a  number  of  pockets  com- 
municating with  one  another  by  large  openings.  The  appearance  of 
the  specimen  strongly  suggested  that  of  a  kidney  with  a  greatly 
dilated  pehis  as  the  result  of  pyelitis.  One  of  lichtheim 's  cases 
possesses  special  importance.  It  should  be  stated  that  his  operation 
was  alwa3'S  followed  by  empyema.  In  this  particular  instance  the 
lung  was  found  atelectatic  but  otherwise  uninjured,  surrounded  by 
the  pus  of  the  empyema.  If  this  means  anything,  it  means  that  occlu- 
sion of  a  bronchus  does  not  necessarily  cause  bronchiectasis  in  the 
portion  of  lung  supplied,  unless  there  is  at  the  same  time  an  oppor- 
tunity for  the  development  of  a  purulent  inflammation  in  the  bronchi, 
for  Lichtheim  regularh'  found  pus  in  the  dilated  bronchi.  If  this 
conclusion  is  correct,  stenosis  must  favor  the  development  of  bronchi- 
ectasis even  more  than  absolute  occlusion  of  a  bronchus.  For  if  the 
occlusion  is  aseptic,  it  will  result  merely  in  atelectasis  and  atrophy  of 
the  corresponding  portion  of  the  lung,  whereas  partial  occlusion  will 
permit  the  entrance  of  air,  and  with  it,  in  all  probability,  the  acci- 
dental introduction  into  the  bronchi  of  germs,  which,  owing  to  the 
difficulty  or  impossibility  of  their  expulsion,  become  the  cause  of 
inflammatory  processes. 

Now  we  can  see  how  extremely  complicated  the  question  is,  and 
why  in  different  cases,  even  under  apparently  very  similar  conditions, 
the  results  may  be  quite  different. 

The  experiments  teach  the  following  facts:  In  an  inflamed  and 
occluded  bronchus  the  secretion  collects  so  as  to  cause  a  very  con- 
siderable increase  of  pressure,  so  considerable  that  it  may  lead  to 

*  "  Archiv  fiir  experimentelle  Pathologie  und   Pharmakologie,"  vol.  x. 
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bronchiectasis,  the  cUlatation  being  of  course  aided  by  the  changes 
in  the  bronchial  wall  resulting  from  suppuration.  But  in  the  majority 
of  cases  that  come  to  the  autopsy  there  is  no  question  of  such  a  closure 
of  the  bronchi. 

In  what  way,  then,  does  stenosis  act,  since,  according  to  experience, 
it  so  frequently  gives  rise  to  bronchiectasis? 

During  inspiration  the  air  is  sucked  through  the  stenosis,  but  in 
expiration  the  expelling  force  is  often  insufficient;  for  the  expelling 
force  in  this  case  is  represented  only  by  the  elasticity  of  the  tissue 
lying  beyond  the  constriction.  The  high  expiratory  pressure,  which 
can  be  exerted  by  the  action  of  the  expiratory  muscles,  will  in  most 
cases  do  very  little  toward  expelling  the  air,  as  it  can  never  work  as 
uniformly  from  all  sides  as  the  elastic  pull,  which  drives  the  air  into 
the  bronchus  during  inspiration;  it  acts  intermittently,  and  must 
press  equally  on  all  parts  of  the  space.  It  is  quite  possible  that  the 
inspiratory  pull  sucks  air  from  the  larger  bronchi  through  the  stenosis 
into  the  air  that  has  already  been  inspired.  If  a  mass  of  mucus  is 
present  at  the  stenosis,  it  may  work  like  a  valve,  so  that  air  can  get  in 
much  more  easily  than  it  can  get  out ;  stagnation  of  the  air  results, 
the  pressure  becomes  very  high  and  remains  so  continuously.  Attacks 
of  coughing  greatly  assist  the  process ;  for  if  the  distal  bronchus  is  un- 
favorably situated,  it  is  much  easier  to  drive  air  into  it  from  the  other 
portions  of  the  lungs  than  to  force  out  the  air  already  in  it. 

In  the  study  of  the  literature  we  find  that  Barth  has  already  said 
that  the  shutting  off  of  the  inspired  air  in  the  bronchi  on  the  distal 
side  of  obstructing  masses  of  secretion  may  be  a  subsidiary  factor. 
Biermer  states  that  he  cannot  agree  with  this;  "for,  aside  from  the 
fact  that  this  isolation  of  the  air  has  never  been  observed  in  bronchi- 
ectasis, I  do  not  think  it  is  plausible  that  the  air  crowded  behind  the 
secretion  should  be  kept  imprisoned  in  dilated  bronchi,  which  are 
usually  filled  not  with  tough  but  with  rather  friable  secretions." 
This  objection  is,  however,  very  weak  when  we  consider  that  the 
isolation  does  not  take  place  in  the  dilated  bronchi,  but  that  the 
dilatation  must  be  peripheral  to  the  confined  body  of  air;  that  the 
nature  of  the  secretion  is  very  variable  and  that  looser  secretion 
arises  from  the  bronchiectatic  areas.  But  how  is  it  with  the  stenoses 
on  the  proximal  side  of  the  dilatation?  Such  isolation  of  the  air  has, 
of  course,  never  been  observed,  because  no  attempt  has  ever  been 
reported  and  we  know  of  no  method  for  such  investigations.  I  must, 
then,  assert  that  Biermer  has  made  his  rejection  much  too  easily,  and 
that  there  is  much  truth  in  Barth 's  line  of  argument. 

The  portion  behind  the  constriction  is  thus  not  only  transiently, 
but  in  a  certain  number  of  cases  permanently,  brought  under  the  in- 
fluence of  very  high  pressure,  and  with  it  conditions  are  given  which 
explain  why  even  a  thickened  bronchial  wall  may  yield  and  why 
bronchiectatic  areas,  which  are  surrounded  by  hard  scar  tissue,  be- 
come larger  and  larger.  Permanent  excess  of  pressure  is  a  power 
which,  as  we  see  in  aneurysms,  not  even  bone  itself  can  withstand. 
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I  therefore  consitler  stenosis  and  continuous  excess  of  pressure 
the  two  factors  which  work  together;  stenosis  is  necessary,  because  it 
alone  makes  intelHp;il)le  the  occurrence  of  an  ack'quate  and  continuous 
excess  of  pressure.  The  stenosis  will  evidently  not  always  be  neces- 
sary to  bring;  about  the  conditions.  It  is  only  a  frequent  factor  in 
the  process,  but  it  is  b}'  all  means  a  very  frequent  one, 

Biermer  himself  says  that  stenoses  of  the  large  bronchi  are  rare, 
but  regularly  lead  to  dilatation  of  the  branches  lying  below  the 
stenosis.  Riegel  says  in  regard  to  the  anatomic  consequences  of 
stenoses,  that  the  dilatation  of  the  bronchial  branches  lying  below 
the  stenosis  is  to  be  especially  mentioned.  It  is  very  rarely  absent 
in  bronchial  stenosis,  and  especially  when  the  stenosis  has  developed 
rapidly  antl  is  of  such  high  degree  that  the  breathing  in  the  corre- 
sponding portion  of  the  lungs  is  entirely  or  almost  entirely  abolished. 
Marfan  says  in  regard  to  stenosis  of  the  trachea  and  of  the  large 
bronclii:  "There  is  a  dilatation  above  and  below  the  point  of  con- 
striction." 

Ir\'ine  has  given  an  interesting  contribution  on  this  question  in 
volumes  xxviii  and  xxix  of  the  'Tathological  Society  Transactions." 
He  describes  the  changes  that  took  place  in  lungs  after  compression 
of  the  supplying  bronchus  by  an  aneurysm.  Such  a  compression 
evidently  takes  place  very  slowly,  so  that  one  cannot  make  compari- 
sons between  these  cases  and  the  experimental  cases.  The  isolated 
lung  was  enlarged,  the  pleura  was  uniformly  thickened  but  the  pleural 
ca^dty  was  not  totally  obliterated,  there  was  no  question  of  a  brawny 
thickening,  but  the  two  layers  were  adherent  to  a  certain  extent. 
The  lung  consisted  of  a  number  of  cavities,  filled  with  an  odorless 
fluid  containing  reddish  particles  of  solid  matter,  decomposed  blood, 
pus,  degenerated  lung  tissue,  and  caseous  masses.  The  bronchi  had 
more  or  less  given  way;  the  walls  were  broken  in  different  places, 
so  that  the  cUlatations  formed  a  portion  of  the  numerous  cavities. 
The  author  assumes  that  emphysema  is  the  first  consequence  of  com- 
pression. He  explains  the  tendency  to  excess  of  pressure  and  the 
difficulty  of  expiration  in  a  way  similar  to  the  one  given  by  me. 
The  secretion  gradually  accumulates,  causing  an  inflammation,  and 
when  the  bronchus  is  entirely  filled  or  occluded,  the  excessive  pressure 
due  to  the  suppuration  and  consequent  destruction  of  tissue  take 
place.* 

Lebert  also  says  that  below  the  stenosis  the  bronchi  are  usually 
dilated,  as  we  have  already  stated. 

But  in  order  not  to  omit  an}^  doubtful  statements,  I  will 
quote  one  which  is  made  by  the  above-mentioned  Biermer  in 
another  place :  "  Much  more  rarely  is  bronchiectasis  associated  Anth 
stenosis  of  the  larger  air-passages";  nevertheless  the  literature  of 
syphilis  contains  many  cases  in  which  cicatricial  stenoses  of  the 
trachea  were  complicated  by  secondary  dilatations  of  the  bronchial 

*  In  the  section  on  Bronchostenosis  many  cases  are  given  from  the  Hterature, 
which  might  be  cited  here. 
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branches.  We  have  also  observed  some  cases  in  which  neoplasms, 
either  by  exerting  pressure  from  without  or  by  encroaching  on  the 
lumen  of  the  bronchus,  narrowed  the  latter  and  caused  dilatation 
below  the  constriction.  Kopp  has  two  cases  of  syphilitic  bronchial 
stenosis,  in  one  of  which  there  was  a  characteristic  bronchiectasis, 
while  in  the  other  there  was  none  at  all. 

Cohn,  however,  says*:  In  stenosis  of  the  bronclii,  whether  by 
pressure  from  without,  by  constricting  scars,  or  by  foreign  bodies 
from  within,  anatomic  experience  rarely  shows  us  dilatations  behind 
such  constrictions.  In  experiments  which  he  so  conducted  that  he 
brought  foreign  bodies  into  the  bronchi,  an  ectasis  was  found  around 
the  obstructing  body,  but  not  behind  it;  rather  an  emphysema  de- 
veloped in  the  cases  of  partial  occlusion.  It  is  really  interesting  to 
find  such  opposing  statements  in  regard  to  so  fundamental  and  so 
simple  a  question.  It  is  explained  by  the  fact  that  while  it  is  well 
known  that  constrictions  have  been  dissected  out  behind  which  there 
was  no  enlargement,  yet  in  the  overwhelming  majority  of  cases  the 
opposite  is  the  case.  I  have  taken  the  trouble  to  look  for  autopsy 
cases  in  which  the  dilatation  behind  the  constriction  was  wanting. 
They  are  not  easy  to  find.  In  many  cases  of  constriction  it  is 
stated  that  there  was  bronchiectasis,  and  in  many  no  statement  is 
made  on  the  subject.  The  negative  fact  that  no  bronchiectasis  was 
present  was  not  especially  mentioned.  No  particular  attention 
seems  to  have  been  paid  to  this  point.  But  enough  facts  have  been 
presented  to  show  without  a  doubt  that  there  are  constrictions  with- 
out secondary  bronchiectasis. f  The  question  is  why  in  one  case 
ectasis  results  and  in  the  other  not ;  this  has  been  considered  by  Riegel. 
It  all  depends  on  the  mode  of  production  and  on  the  effect  of  the 
stenosis. 

If  we  try,  on  the  basis  of  the  material  collected,  to  answer  the 
question :  How  is  the  effect  produced  by  the  constriction  of  a  bron- 
chus? we  must  first  consider  especially  the  effect  of  sudden  occlusion. 
In  respect  to  that,  the  experiments  are  good  guides:  atelectasis  is 
produced.  If  the  atelectasis  was  perfectly  aseptic,  it  was  followed 
by  shrinking  and  atrophy;  but  if  there  was  opportunity  for  the  en- 
trance of  the  germs  of  inflammation,  suppuration  followed,  causing 
increase  of  pressure  with  the  formation  of  bronchiectasis  and  the 
development  of  chronic  peribronchitis,  pneumonia,  and  pleurisy,  and 
resulting  in  the  formation  of  scar  tissue  or  even  in  phthisis,  if  there 
was  opportunity  for  infection. 

*  "  Aus  den  Abhandlungen  der  Schlesischen  Gesellschaft  fiir  vaterlandische 
Cultur,"  "  Abtheilung  f iir  Xaturwissenschaft  und  Medicin,"  1862,  Heft  1. 

t  Z.  B.  Kopp,  Archiv  fur  Idin.  Medicin,  vol.  xv;  Immermann,  ihid.,  vol.  v. 
Andral's  celebrated  case  of  simple  inflammatory  stenosis  is  such  a  one.  In  that  of 
Ewart,  Pathol.  Soc.  Trans.,  vol.  xxxi,  p.  57,  the  following  statement  is  made:  The 
opening  of  the  left  bronchus  is  reduced  to  the  size  of  a  goose-quill.  The  left  lung  was 
reduced  to  half  its  normal  size,  the  tissue  tough  and  uneven.  The  branches  of  the 
bronchi  were  greatly  thickened  and  surrounded  by  a  zone  of  thickened  and  pigmented 
lung  tissue.  The  lower  lobe  was  swollen  and  much  softened,  and  could  not  be  en- 
tirely separated  from  the  pleural  thickenings.     Not  a  word  of  bronchiectasis. 
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What  occurs  more  frequently,  however,  is  gradual  closure  or 
constriction  of  the  bronchus.  It  favors  stagnaticjn  of  the  air  and 
increase  of  pressure  in  the  peripheral  portion,  and  so  long  as  the 
condition  remains,  at  least  to  some  degree,  aseptic,  the  main  result 
will  be  emphysema.  With  time,  however,  germs  mast  get  in,  their 
growth  is  favored  more  and  more;  then  we  find  bronchopneumonia 
and  peribronchitis  developing.  Bronchiectasis  develops  only:  (1) 
Through  stasis  of  the  secretion,  when  the  opening  becomes  very 
narrow  or  is  entirely  occluded;  (2)  through  stagnation  of  the  air, 
when  the  opening  remains  wide,  but  may  work  like  a  valve,  accord- 
ing to  the  views  expressed  abo\'e. 

The  fact  is,  then,  that  when  a  stenosis  exists  we  can  expect,  with 
a  very  strong  probability  of  fulfilment,  the  development  of  bronchi- 
ectasis to  follow  as  a  result.  But  when  we  have  a  bronchiectasis,  we 
cannot  reason  backward  and  conclude  that  a  stenosis  is  present. 
It  is  certain — and  it  can  readily  be  seen  by  a  consideration  of  my 
collection  of  the  Hterature  on  bronchostenosis — that  the  stenotic  form 
of  bronchiectasis  is  of  very  frequent  occurrence,  being  present  in 
many  cases  in  wliich  it  is  not  recognized,  so  that  a  portion  of  our 
cases  of  inflammatory  bronchiectasis  might  be  classed  under  the 
stenotic  form.  The  genesis  of  this  stenotic  form  of  bronchiectasis 
can  now  no  longer  lead  to  any  marked  differences  of  opinion.  The 
fundamental  cause  is  the  stenosis;  the  predisposing  causes  are  the 
pathologic  changes  which,  in  connection  with  the  stenosis,  develop 
in  the  portion  of.  the  bronchi  lying  behind  the  stenosis,  and  which 
are  due  to  inflammation ;  the  determining  cause  is  the  increase  of  pres- 
sure in  the  separated  portion,  mostly  of  air  pressure,  under  the  influ- 
ence of  respiration, — inspiration  as  well  as  expiration. — and  especially 
of  the  cough,  and  occasionally  of  crAdng  and  singing.  The  increase 
of  pressure,  for  there  must  be  increase  of  pressure,  may  hkewise  be 
caused  by  stasis  of  the  secretion,  and  in  complete  closure  of  the 
bronchus  there  can  be  only  the  stasis  of  the  secretion  and  of  the  pus, 
but  in  partial  closure  there  is  often  also  increase  of  air  pressure. 

In  this  way  the  form  of  bronchiectasis  which  I  have  called  stenotic 
is  explicable.  These  cases  are  of  very  great  practical  importance, 
and  it  seems  probable  to  me  that,  on  further  consideration,  many 
cases  wdll  be  regarded  as  sienotic  wliich  we  cannot  as  yet  include  in 
that  class. 

But  it  is  undeniable  that  there  is  a  group  of  bronchiectatic  cases 
where  the  stenotic  explanation  would  have  to  be  very  much  forced 
and  where  the  pathologist  at  the  autopsy  finds  the  ectasis  arising 
directly  from  normal  or  even  enlarged  bronchi.  These  cases  belong, 
howeA'er,  to  the  inflammatory  class,  because  they  are  foimd  in  an 
inflamed  tissue  (peribronchitis  and  pneumonia).  Clinically,  accord- 
ing to  my  opinion,  this  form  is  not  nearly  so  important  as  the  stenotic; 
it  occurs  much  more  rarely  and  the  symptoms  of  infiltration  and 
shrinking  of  the  lung  tissue  are  much  more  prominent  than  those  of 
bronchiectasis.     For  their  development  it  is  necessary  to  consider 
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other  essential  factors  of  injurious  influence.  We  can  select  from 
this  group  a  certain  number  of  cases;  we  have  already  distinguished 
a  bronchiectasis  from  stenosis,  and  we  now  separate,  as  our  second 
subclass  of  the  inflammatory  bronchiectases,  the  induration  bronchi- 
ectasis, in  which  a  thickened  membrane  attaches  the  portion  of  the 
lung  affected  with  the  ectasis  firmly  to  the  thoracic  wall. 

We  see,  from  the  hard  masses  at  the  periphery,  bands  penetrating 
into  the  interior  of  the  lungs,  and  these  must  also  influence  the  bronchi. 
It  is  possible  that  these  bands  may  lead  to  a  dilatation  of  the  bronchi ; 
but  how  uniformly  it  would  have  to  exert  its  influence  on  all  sides  to 
attain  this  result!  I  believe,  rather,  that  a  constriction  from  pressure 
lies  at  the  bottom  of  this  form  also.  This  pressure  acts  on  the  ex- 
ternal portion  of  the  bronchus  and  wall  usually  not  lead  to  a  patho- 
logically perceptible  stenosis  in  the  cross-section  of  the  lumen,  although 
a  closure,  or  at  least  a  constriction,  is  really  present,  somewhat  like  a 
kink  in  a  rubber  tube.  Would  not  a  closer  study  of  this  condition  rank 
it  among  the  stenotic  cases?  The  only  thing  for  me  to  do  is  to  state 
that  hypotheses  enough  have  been  advanced,  and  it  is  time  for  the 
careful  investigator  to  confirm  them.  In  this  form  of  bronchiectasis 
we  have  to  consider  that  the  lungs  remain  compressed  during  the 
whole  attack  of  pleurisy,  and  later  by  the  pressure  of  the  exudate, 
and  so  their  power  of  respiration  is  much  impaired.  In  these  cases 
it  may  very  easily  happen  that  air  is  pressed  from  the  other  lung 
during  attacks  of  coughing  on  account  of  compressed  places  in  the 
bronchi^  which  are  due  to  the  pressure  and  distortion  in  the  affected 
lung.  This  air,  which  is  crowded  in  under  high  pressure,  cannot  get 
back.  Thus  opportunity  would  be  given  for  the  development  of 
stenotic  bronchiectasis.  In  certain  cases,  however,  a  portion  of  the 
region  regains  the  power  of  respiration,  and  the  necessary  pressure 
in  the  bronchi  may  then  be  attained  through  aspiration,  as  already 
mentioned. 

[Fibrosis  of  the  Lung. — Fowler  and  Godlee  have  come  to  the  same 
conclusion  as  Hoffmann  with  regard  to  the  theory  that  traction  by 
fibrous  bands  passing  from  the  pleura  to  a  bronchus,  or  from  one 
bronchus  to  another,  constitutes  the  effective  dilating  force  when 
bronchiectasis  follows  fibrosis  of  the  lung;  i.  e.,  they  take  issue  with 
those  who  uphold  it.  They  say  that  areas  of  fibrosis,  whether  of 
tubercular  origin  or  not,  tend  to  shrink  by  centripetal  contraction. 
Chronic  cavities  tend  to  contract,  and  their  lumen  may  be  almost 
obliterated.  The  parietal  and  visceral  layers  of  the  pleura  become 
separated  as  the  lung  contracts,  and  the  intervening  space  is  filled 
with  a  fluid  exudate  which  ultimately  becomes  organized  into  a 
densely  firm  fibrous  tissue,  or  the  neighboring  tissue,  if  still  pervious 
to  air,  becomes  emphysematous.  Organs  are  displaced  and  other 
changes  occur,  all  of  which  appear  more  likely  to  obliterate  than  to 
enlarge  spaces  in  the  affected  area. — Ed.] 

Concerning  the  bronchiectasis  from  foreign  bodies,  Cohn  assumes, 
as  I  have  already  cited,  on  the  ground  of  experiments,  that  the  dilata- 
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tion  usually  occurs  around  the  foreign  body  and  not  behind  it.  In 
these  cases  it  is  the  continual  irritation  that  causes  the  inflannnation 
and  ulceration,  and  thus  an  ulceration  cavity  develops.  We  cannot, 
however,  class  this  as  a  bronchiectasis  without  further  investigation. 
The  section  of  lungs  affected  by  such  foreign  bodies  shows  us  that 
not  a  single  large  cavity  is  formed  by  the  foreign  body,  but  that, 
besides  the  cavity  in  which  the  foreign  body  lies,  numerous  others  are 
present.  Thus  the  matter  is  somewhat  complicated.  The  local 
irritation  acting  continuously  causes  a  peribronchitis,  which,  extend- 
ing from  the  position  of  the  foreign  body  to  the  bronchi,  favors  in  a 
special  way  the  formation  of  bronchiectasis. 

For  an  example,  I  would  call  attention  especially  to  the  case  so 
exactly  described  by  Kocher.*  I  must  add,  also,  that  foreign  bodies 
are  too  little  considered  as  causes  of  bronchiectasis.  We  have  cases 
enough  in  which  the  course  and  all  the  circumstances  did  not  suggest 
the  idea  that  a  foreign  body  could  have  passed  into  the  lungs,  and 
where  the  autopsy  first  showed,  to  the  astonishment  of  the  physician 
and  friends,  what  w^as  the  trouble;  or  the  accidental  expectora- 
tion of  the  foreign  body  established  the  diagnosis.  If  the  foreign 
body  is  small,  if  it  reaches  the  finer  bronchi  without  special  coughing 
or  attacks  of  suffocation  to  loosen  it,  as  may  easily  happen,  it  may 
remain  there  a  long  time,  then  gradually  crumble  and  be  coughed 
up  with  the  mucus  in  microscopic  pieces,  and  so  the  diagnosis  is  never 
made.  Smaller  pieces  of  meat  or  vegetable  matter  may  in  this  way 
cause  a  foreign-body  bronchitis,  which  easily  leads  to  bronchiectasis. 
If  the  foreign  bodies  are  so  fine  that  they  make  their  way  into  the 
alveoli  in  the  form  of  dust,  then  the  case  is,  of  course,  quite  different, 
and  we  find  that  in  the  real  cases  of  pneumonokoniosis  ectasis  rarely 
plays  any  part.  The  essential  thing  in  foreign-body  bronchiectasis 
is  e^ddently,  again,  the  condition  that  the  air  can  during  quiet 
inspiration  easily  pass  the  body  which  has  penetrated,  w^hereas 
in  expiration  stagnation  results  which  is  relieved  by  an  attack  of 
coughing  that  does  not,  however,  remove  the  obstruction.  This, 
again,  is  an  example  of  the  stenotic  form  which  has  already  been 
mentioned. 

Tuberculosis. — Lebert  says:  ''The  fact  is  surprising  that  in  one- 
sixth  of  my  cases  there  was  spitting  of  blood,  although  not  in  large 
amounts,  yet  sufficient  so  that  it  could  not  be  confused  with  the 
bloody  sputum  of  pneumonia.  The  first  hemoptysis  came  too  early 
to  allow  the  assumption  that  it  came  from  hemorrhages  in  the  walls 
of  bronchiectatic  ca\Tities." 

But  how  does  he  explain  this  tendency  of  the  disease  to  begin 
with  hemoptysis?  Such  a  beginning  is  found,  as  is  well  known, 
principally  in  phthisis.  Does  a  portion  of  the  bronchiectasis  develop 
during  beginning  tuberculosis,  from  which  the  patient  later  recovers? 
We  can  find  in  all  the  text-books  that  the  ordinary  course  of  tubercu- 
losis does  not  lead  to  bronchiectasis;  indeed,  in  many  cases  tubercu- 

*  Wiener  klin.  Wochenschr.,  1890. 
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losis  and  bronchiectasis  are  placed  in  opposition  to  each  other,  as  if  a 
tendency  to  the  one  excluded  an}'  tendency  to  the  other.  Yet  it  is, 
again,  established  pathologically  that  a  tuberculosis  establishing  itself 
in  the  finer  branches  of  the  bronchi  may  lead  to  the  formation  of 
small  bronchiectatic  areas,  which,  however,  do  not  produce  clinical 
symptoms,  and  are  therefore  never  named  in  the  clinical  description 
of  bronchiectasis.*  In  many  cases  of  very  chronic  tuberculosis  which 
have  been  described  as  fibrous  phthisis  characteristic  bronchiectases, 
on  the  other  hand,  occur.  It  often  remains  a  question  at  the  autopsy 
whether  the  tuberculosis  has  not  established  itself  in  the  bronchi- 
ectatic spaces,  and  is  thus  a  complication  of  the  primary  bronchi- 
ectasis. Yet  the  course  of  certain  cases  of  phthisis  which  have  re- 
covered indicates  decidedly  that  the  cicatricial  contraction  ,  of  the 
tissue  was  really  the  cause  of  the  bronchial  dilatation.  This  is  not 
at  all  surprising. 

Syphilis  easily  causes  the  formation  of  bronchiectasis,  and  we  can 
readily  understand  this,  as  both  scar  formation  and  infiltration  tend 
to  produce  changes  behind  which  the  conditions  for  the  development 
of  stenotic  ectasis  are  especially  favorable. 

Pneumonia. — Finally,  I  will  mention  the  chronic  pneumonias. 
Part  of  these  stand  in  relation  with  the  injuries  wdiich  I  have  already 
mentioned  (foreign  bodies,  syphilis,  and  pleurisy);  another  part  de- 
velops from  acute  pneumonia,  whether  croupous  or  bronchopneu- 
monic  in  form;  a  small  number  is  distinguished,  finally,  as  primary, 
as  we  do  not  know  their  cause.  Whether  these,  however,  cause 
bronchiectasis  without  one  of  the  predisposing  factors  mentioned 
(stenosis,  thickened  exudate,  and  foreign  bodies)  I  greatly  doubt. 

Course. — Bronchiectasis  has  a  characteristic  course  only  in  very 
well-marked  cases,  and  in  those  in  which  no  special  complication 
influences  the  progress  of  the  disease.  Thus,  the  occurrence  of  gan- 
grene or  of  some  other  infection  must  lead  to  febrile  disturbances 
which  are  by  no  means  found  in  the  simple  form  of  the  disease. 

The  beginning  of  the  disease  is  uncertain;  an  acute  or  chronic 
inflammation  of  the  bronchi,  lungs,  or  pleura  precedes  the  onset,  and 
this  does  not  tend  to  become  localized ;  this,  the  jirst  stage,  is  apt  to 
be  confounded  with  an  ordinary  bronchitis;  we  only  notice  that 
the  bronchitic  symptoms  appear  especially  and  persistently  in  cer- 
tain circumscribed  areas.  In  the  second  stage  the  course  begins 
to  assume  a  characteristic  type.  With  a  satisfactory  general  con- 
dition, we  find  a  surprising  irregularity  in  the  expectoration;  it  is 
at  times  scanty  and  at  times  very  abundant;  there  may  even  be 
a  very  characteristic  variation,  so  that  at  certain  times  of  the  day 
there  is  an  abundant  expectoration  which  is  almost  or  wholly 
lacking  at  other  times.  This  condition  may  last  a  very  variable  time 
and  may  remain  stationary  for  years.  But  finally  it  reaches  the 
terminal    stage,    when   the    bronchiectatic    phthisis    develops.     The 

*  Grancher  shows  that  they  can  be  considered  as  the  beginnings  of  cavity  forma- 
tions.    Gazette  med.  de  Paris,  1878. 
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patient  bocomos  omacialcd;  he  is  ('achcclic  oi-  cyanotic;  fever  and 
night-sweats,  loss  of  ap{)etite,  and  diai'rhea  de\'el()]),  and  lead  to  death. 
Among  52  cases  Leljeii  and  liarth  had  lo  which  lasted  for  more  than 
ten  years;  11  lasted  less  than  a  year;  4,  one  to  two  years;  16,  three  to 
five  years;  8,  six  to  ten  years.  Lebert  justly  remarks  that  the  statis- 
tics are  very  misleading,  and  that  in  the  better  private  practice  the 
cases  with  very  long  course,  and  stationary  cases  predominate. 

Biermer  distinguishes  the  following  clinical  varieties  as  regards 
the  course  of  the  disease:  (1)  There  is  the  picture  of  an  ordinary 
chronic  bronchitis,  but  the  nature  of  the  expectoration  and  the 
physical  signs  show  that  there  is  ectasis.  This  is  the  classic  form. 
(2)  The  picture  of  fetid  bronchitis.  (3)  Emphysematous  habitus, 
much  dyspnea,  violent  attacks  of  coughing,  atuous  cachexia,  and 
cyanotic-hydropic  symptoms;  the  autopsy  shows  bronchiectasis  and 
emphysema.  (4)  Phthisical  pictures,  when  either  the  ectasis  is 
complicated  b}'  tuberculosis,  or  the  lung  tissue  is  free  from  tubercles, 
but  shrunken  by  connective-tissue  and  pigmentary  induration.  (5) 
Combination  of  pleuritic  exudates  with  bronchiectasis.  (6)  Combina- 
tion of  bronchiectasis  with  simultaneous  stenosis  of  the  larger  air- 
passages — a  very  rare  case.  Suffocative  attacks  and  difficult  ex- 
pectoration play  the  chief  role ;  the  bronchiectatic  symptoms  may  be 
masked. 

[The  course  of  a  tj^pical  case  of  bronchiectasis,  according  to  Fowler 
and  Godlee,  presents  six  more  or  less  well-defined  stages:  (1)  Ex- 
pectoration is  profuse  and  purulent,  but  not  fetid;  pyrexia  is  absent. 
(2)  The  expectoration  acquires  a  faintly  fetid  odor  and  becomes 
more  profuse ;  this  stage  may  last  for  some  time.  There  may  be  slight 
pyrexia,  but  it  is  rarely  continuous,  being,  as  a  rule,  limited  to  periods 
when  the  sputa  are  diminished  in  amount  or  entirely  absent.  (3) 
Sputa  are  decidedly  fetid,  the  physical  signs  are  characteristic,  and 
clubbing  of  the  fingers  is  well  marked.  This  is  the  stage  of  complete 
development.  (4)  Pleural  adhesions  are  formed  as  the  result  of 
acute  or  subacute  pleurisy.  A  dry  friction  sound  is  present  over 
a  large  area  for  a  considerable  period.  (5)  Fibrosis  of  the  lung,  fol- 
lowed by  retraction  and  thickening  of  the  pleura;  hemoptysis  may 
occur  and  may  prove  fatal.  Emaciation,  dyspnea,  and,  possibh^, 
pyrexia  are  present.  (6)  Pyrexia  of  a  remittent  type,  due  to  the 
absorption  of  the  septic  contents  of  the  tubes ;  or,  possibly,  rigor  and 
severe  general  symptoms  may  be  present.  Death  may  be  due  to 
pericarcUtis,  septicemia,  pj^emia,  cerebral  abscess,  nephritis,  diffuse 
bronchitis,  or  septic  bronchopneumonia  with  necrosis  of  the  con- 
solidated areas. — Ed.] 

We  see  immediately  that  the  pure  course  of  bronchiectasis  is 
represented  only  by  the  first  form.  In  all  the  other  cases  the  bronchi- 
ectasis is  complicated  by  other  serious  conditions,  which  must  obscure 
the  true  picture. 

Rendu  calls  attention  to  a  course  which  is  characterized  by  a 
pseudo-acute  beginning:  A  healthy  appearing  young  man  coughed 
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up  suddenly  a  large  amount  of  pus  and  died  within  a  year  of  bronchi- 
ectasis.    This  one  case,  however,  leaves  room  for  doubt. 

That  fully  developed  bronchiectases  heal  only  with  great  difficulty 
can  easily  be  seen,  yet  the  possibility  of  an  obliteration  by  the  forma- 
tion of  scar  tissue  should  not  be  disregarded.  Such  results  must, 
however,  be  very  rare,  and  are  not  supported  by  authentic  case- 
histories. 

In  some  of  the  cases  death  may  occur  quickly  from  hemoptysis, 
or  an  infection  from  gangrene  of  the  lung  or  putrid  bronchitis  may 
lead  to  death;  the  putrid  bronchitis  may,  however,  become  retro- 
gressive. As  rare  results  may  be  mentioned,  death  from  pneumo- 
thorax, metastatic  abscesses,  tuberculous  infection  of  the  bronchi- 
ectatic  patient,  venous  stasis  and  dropsy,  amyloid  degeneration;  the 
most  frequent  manner  of  death  is  by  the  development  of  bronchi- 
ectatic  pseudophthisis. 

Symptoms. — ^The  expectoration  does  not  usually  act  differently 
from  that  in  ordinary  bronchitis,  but  in  many  cases  its  kind  and 
appearance  are  characteristic.  The  secretion  has  a  great  tendency 
to  collect  and  be  expelled  at  intervals  in  larger  quantities.  Thus, 
the  sputum  may  come  at  once  in  such  large  amounts  that  we  believe 
that  an  empyema  has  emptied  itself  after  rupturing  into  a  bronchus. 
Barth  saw  450  c.c,  Biermer  640  c.c,  and  Trojanowski  as  much  as 
800  c.c.  emptied  in  twenty-four  hours.  Generally  the  expectoration 
takes  place  easily,  without  much  cough  and  without  great  exertion, 
yet  the  opposite  is  found  with  emphysema,  pleurisy,  and  stenosis 
of  the  larger  air-passages.  Change  of  position  may  be  of  great  im- 
portance ;  lying  on  one  side  the  patient  is  quite  quiet,  but  if  he  turns 
to  the  other  side,  the  evacuation  begins.  Toward  the  end,  when  the 
patients  become  very  weak,  the  amount  of  the  discharge  often  de- 
creases with  surprising  suddenness.  [Expectoration  may  be  easy  or 
effected  with  difficulty,  owing  to  the  presence  of  advanced  emphy- 
sema or  stenosis  of  the  main  bronchus,  or  of  marked  induration  of 
the  tissue  around  the  dilated  tubes. — Ed.] 

The  tolerance  of  the  patient  to  the  abundant  and  very  offensive 
secretion  is  worthy  of  note;  complaints  are  rarely  made  of  nausea 
and  vomiting. 

The  sputum  is  mostly  purulent;  it  is  very  yellow  in  color  (if  it 
is  not  fetid  or  gangrenous),  and  has  little  tenacity.  It  contains 
pus-corpuscles,  which  may  be  very  well  preserved,  but  which 
also  contain  many  fat  droplets.  Vacuoles  may  often  be  seen 
in  them.  Not  rarely  the  sputum  forms  two  layers  in  the  sputum- 
glass:  on  the  bottom  a  thick,  exclusively  purulent  layer,  containing 
all  kinds  of  granular  material,  and  over  this  a  thin,  slightly  turbid, 
almost  serous  fluid.  It  diffuses  at  times  no  odor  at  all,  but  often  an 
unpleasant,  nauseating,  sour,  stale,  or  garhcky  odor  (pseudogangrene) ; 
the  genuine  fetid  and  decomposing  odor  I  have  observed  as  a  sign  of 
a  complication  (gangrene). 

Blood  in  the  discharge  is  not  so  very  rare ;  it  is  generally  mingled 
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with  it  ill  small  amounts.  Hut  there  may  also  be  quite  large  amounts 
of  blood  in  the  sputum;  death  has  occurred  from  hemoptj^sis.  It  may 
result  from  the  erosion  of  the  larger  vessels  without  a  trace  of  tuber- 
culosis. The  blood  is  rarely  very  red,  but  is  discolored  by  admixture 
with  the  sputum,  or  the  sputum  receives  the  color  of  meat  juice 
(according  to  Jaccoud).  [Hanot  and  Gilbert  have  connected  the 
occurrence  of  hemoptysis  in  bronchiectasis  with  the  marked  altera- 
tions in  the  blood-vessels  which  may  form  in  the  submucous  tissue 
an  extensive  cavernous  network  interspersed  with  numerous  minute 
aneurysms. — Ed.] 

Cough  is  the  rule;  it  is  paroxysmal  and  is  especiall}'  frequent  in  the 
morning,  until  the  lungs  are  freed  from  the  masses  of  pus  accumulated 
during  the  night.  The  cough  is  often  especially  severe  in  certain 
positions  and  disappears  on  changing  the  position.  This  depends 
on  the  position  and  opening  of  the  bronchi.  So  long  as  the  discharge 
remains  in  the  cavity,  it  produces  no  cough,  and  only  when  it  flows 
out  and  reaches  the  relatively  healthy  mucous  membrane,  especially 
when  it  touches  the  irritable  zone,  it  excites  cough.  If  the  cavity  is 
at  the  apex,  the  secretion  flows  down  through  an  almost  vertical 
bronchus  unceasingly  and  excites  an  almost  continuous  cough.  [Fox 
states  that  the  acute  bronchiectases  of  infantile  bronchitis  are  due  to 
cough  pressure,  rather  than  to  any  inspiratory  mechanism  or  to  any 
indirect  effect  of  collateral  collapse.  As  an  explanation  of  the  in- 
frequency  of  bronchiectasis  in  spite  of  the  great  frequency  of  bron- 
chitis, he  alleges  that  the  dilatation  is  readily  recovered  from  in 
children,  and  that  in  adults  chronic  bronchitis  tends  to  hypertrophy 
rather  than  to  weakness  of  the  muscular  fibers,  in  contrast  to  its 
action  upon  the  pulmonary  parenchyma.  Those  who  are  interested 
in  tliis  question  of  pathogenesis  are  referred  to  Allbutt's  "System  of 
Medicine,"  where  an  elaborate  exposition  of  the  various  views,  in- 
cluding the  author's,  will  be  found. — Ed.] 

Dyspnea  is  slight  or  wholly  lacking;  but  as  the  disease  progresses, 
it  usually  increases  and  may  reach  a  considerable  degree.  It  is  then 
ordinarily  due  to  complications:  diffuse  bronchitis,  emphysema,  dila- 
tation of  the  heart,  ascites,  and  enlargement  of  the  liver  from  stasis. 

The  physical  signs  are  those  of  a  cavity  in  the  lung. 

Deformity  of  the  thorax  and  marked  retraction  or  drawing  in  of 
a  circumscribed  portion  are  often  to  be  observed.  With  this  we  see 
rarely  and  in  very  severe  grades  a  kyphosis  of  the  vertebral  column. 
The  underlying  organs  are  subject  to  changes  of  position  from  the 
dist^urbance.  Occasionally  these  signs  are  concealed  or  even  com- 
pensated by  an  emphysema  of  the  lung.  If  one  lung  is  especially  in- 
volved to  a  marked  degree,  the  other  usually  develops  a  compensatory 
emphysema.  In  rare,  very  severe  cases,  it  has  been  observed  that 
the  respiratory  movements  became  weaker  or  entirely  abolished  when 
the  corresponding,  dilated  bronchi  were  filled  for  the  greater  part  with 
secretion.  After  abundant  expectoration  the  movements  began  again, 
to  disappear  as  the  secretion  gradually  accumulated. 
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Pain  is  never  present  as  a  characteristic  of  the  disease;  on  the 
contrary,  the  absence  of  pain  with  the  great  objective  symptoms  is 
noticeable.  [Pain  in  the  chest  is  usually  clue  to  pleurisy,  and  is  of 
importance  as  showing  that  the  affection  is  approaching  the  surface 
of  the  lung.  In  cases  originating  in  an  attack  of  acute  pleurisy  there 
will  almost  certainly  be  a  history  of  severe  pain  on  the  affected  side. 
— Ed.]  At  times  there  are  in  this  disease,  as  in  every  chronic 
disease  of  the  lungs,  intercurrent  pains.  Attempts  were  made  earher 
to  decide  on  the  seat  of  the  bronchiectasis  from  the  complaints  of  pain 
in  a  certain  region  (Barth),  but  this  was  a  mistake.  They  do  not  be- 
long to  the  bronchiectasis  itself. 

Fever  is  not  a  symptom  of  simple  bronchiectasis,  but  indicates 
complications,  depending  on  infection  of  the  contents  of  the 
cavity.  Bacteriologic  investigation  in  bronchiectasis  is  no  doubt 
destined  materially  to  enlarge  our  knowledge  of  the  subject. 

In  advanced  stages  the  fever  usually  presents  a  hectic  type.  This 
depends  on  the  development  of  masses  of  cocci,  of  which  we  will  name 
only  the  well-known  Streptococcus  and  Staphylococcus  pyogenes,  as 
well  as  Pneumococcus,  and  Bacillus  coli  communis.  All  these,  as  well 
as  some  rarer  forms  which  Babes  found  in  bronchiectasis,  are  found 
in  the  febrile  forms  in  the  various  organs  of  the  body,  evidently 
passing  into  the  blood  from  the  cavities.  Thiroloix  describes  a  case 
of  bronchiectasis  in  which  Staphylococcus  aureus  had  to  be  con- 
sidered as  the  cause  of  a  secondary  endocarditis,  of  a  hepatitis  with 
mihary  abscesses,  and  of  a  large  abscess  of  the  kidney.*  Simple 
septicemia  due  to  infection  by  Streptococcus  pyogenes  is  a  quite 
frequent  occurrence. 

A  peculiar  change  in  the  appearance  of  the  fingers  and  toes  has 
long  attracted  attention  under  the  name  of  clubhing  of  the  fingers 
and  toes.  It  is  due  to  a  swelling  of  the  finger  by  hypertrophy  of  the 
terminal  phalanx.  This  hypertrophy  is  seen  first  at  the  ends  of  the 
fingers;  later  it  appears  also  at  the  ends  of  the  joints,  so  that  the 
phalangeal,  metacarpal,  and  carpal  joints,  and  even  the  wrist  bones, 
appear  much  thickened.  The  symptoms  are  just  the  same  in  the 
feet.  In  this  high  degree  the  term  clubbing  ("drumstick"  fingers) 
is  not  exactly  characteristic ;  we  can  therefore  use  the  name  given  by 
Marie,  "hypertrophic  pneumonic  osteoarthropathy,"  which  unfor- 
tunately is  rather  unwieldy.  The  qualifying  adjective  pneumonic 
calls  attention  to  the  fact  that  this  pathologic  condition  occurs  in 
diseases  of  the  air-passages.  When  these  become  permanent  and  lead 
to  a  lasting  cyanosis,  the  condition  described  is  in  truth  to  a  certain 
degree  characteristic  of  the  disease.  It  belongs,  however,  not  to  a 
specific  pathologic  condition,  but  is  observed,  so  far  as  we  now  know, 
just  as  much  in  tuberculosis  as  in  chronic  bronchitis  and  bronchi- 
ectasis, when  the  disease  has  lasted  a  long  time,  and  has  led  to  chronic 
cyanosis.  This  chronic  cyanosis  seems  to  be  the  one  essential  factor 
necessary  for  the  development,  as  there  are,  for  instance,  certain 
*  Soc.  anatom.,  March  13,  1891. 
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diseases  of  the  heart  which  also  cause  clubbing  of  the  fingers.  The 
most  chronic  forms  of  congenital  heart  disease,  as  is  well  known, 
especially  tend  to  these  formations.  Bamberger,  moreover,  supports 
the  view  that  the  change  in  bronchiectasis  is  a  quite  peculiar  form, 
which  is  characterized  by  the  painful  swelling  of  the  epiphyses.  He 
shows  also  that  the  spongiosa  as  well  as  the  cortical  substance  of  the 
thickened  epiphyses  undergoes  hypertrophy. 

Concerning  the  color  of  the  skin,  Trojanowski  gives  the  following 
general  rule:  In  the  bronchiectatic  patient,  the  color  is  usually  un- 
changed; marked  pallor  indicates  tuberculosis,  and  decided  cyanosis 
suggests  emphysema. 

Position. — ^This  is  extremely  changeable;  many  patients  lie  on 
their  backs,  while  others  general!}'  sit  somewhat  bent  forward.  Some 
of  these  say  that  they  do  it  in  order  not  to  swallow  the  sputum  (Tro- 
janowski). If  one  side  is  attacked  by  the  bronchiectasis  with  especial 
severity,  the  patients  prefer  to  lie  on  that  side,  and  when  they  tm-n 
to  the  other  side,  coughing  and  profuse  expectoration  begin. 

[Inspection:  The  chest  may  be  emph3'sematous  or  there  may  be 
retraction  of  the  chest-wall  in  localized  areas  and  displacement  of 
the  cardiac  impulse. 

Palpation:  The  vocal  fremitus  and  resonance  are  increased  in 
cases  accompanied  by  fibrosis. — Ed.] 

Percussion  gives  dulness,  but  also  tympanitic  sounds,  and  in  cer- 
tain places  the  two  alternate;  according  as  secretion  or  air  pre- 
dominates in  the  cavity.  A  tympanitic  sound,  with  change  of 
sound  on  opening  and  shutting  the  mouth,  may  be  discovered 
oftener  than  is  generally  believed,  if  the  ear  is  held  close  to  the 
mouth  of  the  patient.  Also  change  of  sound  with  change  of 
position  and  rales  of  the  cracked  pot  and  metalhc  type  were  observed 
in  corresponding  cases,  according  to  the  same  laws  which  govern  their 
appearance  in  ca^ities.  Around  the  place  where  the  signs  of  a  cavity 
are  found  dulness  may  be  present;  but  when  the  note  is  resonant, 
this  is  important  as  being  especially  characteristic,  for  around  tuber- 
culous ca^'ities  a  dull  sound  is  alwaj^s  present.  [Fibrosis  around 
dilated  tubes  filled  with  secretion  gives  rise  to  an  absolutely  dull 
sound  on  percussion ;  when  they  are  empty,  the  note  is  raised  in  pitch 
and  may  present  various  degrees  of  dulness  up  to  a  distinctly  wooden 
quality. — Ed.] 

Percussion  frequently  shows  a  displacement  of  the  neighboring 
organs  and  attachment  of  the  same  to  the  lungs,  as  is  easily  explained 
by  the  retraction  of  the  thorax  and  frequent  occurrence  of  pleuritic 
adhesions. 

[Auscultation. — The  respiratory  murmur  is  weakened,  or  numerous 
bronchial  rales  are  to  be  heard,  especially  large,  moist,  bubbling 
rales;  systolic  murmurs  of  course  also  occur  in  the  neighborhood 
of  the  heart.  The  vocal  resonance  is  increased  in  cases  accom- 
panied by  fibrosis  and  bronchophony,  and  pectoriloquy  may  be  pres- 
ent.    Fowler  and  Godlee   lay  some  stress  on  the  character  of  the 
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breathing,  which  is  blowing  but  not  cavernous,  and  the  sound  may  be 
interrupted  both  on  inspiration  and  expiration.  With  sacculated 
dilatations  the  breathing  may  be  truly  cavernous  and  gurgling  rales 
may  be  present.  The  veiled  puff  of  Skoda  may  often  be  heard.  This 
is  a  curious  sound  occurring  at  the  end  of  inspiration  and  giving  the 
impression  that  a  puff  of  air  has  suddenly  entered  a  small  cavity 
situated  just  beneath  the  ear.  When  once  recognized,  it  is  easily 
distinguished,  and  in  the  authors'  experience  is  more  often  present 
in  bronchiectasis  than  in  any  other  condition.  The  typical  sound 
of  bronchiectasis  is  a  coarse  rale  of  ringing  or  metalhc  quahty  which 
may  cUsappear  and  reappear  according  to  the  quantity  of  secretion 
in  the  tubes.  Mention  is  also  made  of  the  systolic  rale  produced  by 
the  movements  of  the  heart.  The  case  of  a  man  under  the  writers' 
care  is  cited,  in  which  a  systolic  murmur  could  be  heard  at  a  distance 
of  two  feet  from  the  patient  when  the  mouth  was  open,  and  its  presence 
led  to  the  suspicion  of  aneurysm. 

Ewart,  in  Allbutt's  "System  of  Medicine,"  gives  the  following 
points  as  guides  in  the  physical  examination.  A  solitary  bronchi- 
ectatic  lesion  is  seldom  localized  at  the  apex.  The  supraclavicular 
area  is  usually  not  implicated  in  any  dulness  due  to  bronchiestasis ; 
it  is  invariably  implicated  in  the  apex  dulness  of  phthisis.  In  phthisis 
consolidation  precedes,  excavation  follows.;  in  bronchiectasis  this  is 
otherwise.  Again,  the  extension  of  the  excavation  is  peculiar  to 
phthisis  (Stokes),  while  a  stationary  size  belongs  to  bronchial  dilata- 
tion (Walshe).  The  almost  daily  alternations  between  a  sense  of 
fulness  and  that  of  vacuity  greatly  help  the  diagnosis  of  sacculation, 
as  this  peculiarity  is  usually  absent  or  inconstant  in  excavating 
phthisis.  The  site  of  predilection  for  bronchial  dilatation  is  the  base, 
but  bronchiectasis  also  favors  the  middle  and  lower  thirds  of  the 
back ;  it  is  especially  uncommon  in  the  district  of  the  vertical  bronchi 
pointing  to  the  apex.  It  is  unusual  in  phthisis  for  multiple  excava- 
tions to  form  in  the  same  lung  with  the  intervention  of  sound  pul- 
monary substance ;  in  multiple  bronchiectasis  a  truly  sporadic  arrange- 
ment is  the  rule.  Unilateral  indurative  tubercular  phthisis  invariably 
excavates  and  condenses  the  apex  first,  even  if  later  it  should  extend 
downward.  The  fibroid  change  associated  with  bronchiectasis 
originates,  as  a  rule,  at  the  base  and  spreads  upward.  The  displace- 
ment of  the  heart  toward  the  diseased  side  of  the  chest  in  unilateral 
phthisis  follows  an  oblique  direction  upward.  In  unilateral  bron- 
chitis  the  displacement  is,  practically  speaking,  always  horizontal. 

Ewart  described  the  character  of  the  sounds  produced  in  saccu- 
lation by  the  term ' '  croaking. ' '  He  says  it  is  partly  due  to  the  valvular 
action  of  the  viscid  and  confluent  secretion,  and  partly  to  the  free 
communication  and  continuity  subsisting  between  the  sacculations 
and  the  corresponding  bronchus.  The  croaking  sound  is  most  dis- 
tinctly produced  in  sacculations  more  or  less  surrounded  by  spongy 
tissue.  In  the  fibrotic  variety  the  soUd  medium  through  which  it  is 
conducted  to  the  ear  imparts  to  it  a  more  metallic  character. — Ed.] 
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In  women  disturbances  of  menstruation,  explicable  partly  through 
stasis  anil  partly  through  cachexia,  are  not  unusual. 

Complications. — The  most  frequent  and  most  dangerous  are  those 
which  arise  from  the  putrid  or  gangrenous  decomposition  of  the  con- 
tents of  the  cavity;  this  is  often  regarded  as  belonging  to  the  typical 
picture  of  the  disease.  The  sputum  has  such  a  terribly  offensive  odor 
that  the  glass  has  to  be  kept  covered  constantly;  on  allowing  it  to 
stand,  however,  this  odor  diminishes  and  may  entirely  disappear. 
The  breath  often  has  a  much  more  offensive  odor  than  the  sputum. 
When  the  stench  from  the  sputum  was  so  fearful,  Bamberger  found 
in  it  hydrogen  sulpliid,  ammonia,  acetic  acid,  butyric  acid,  and 
formic  acid.*     (Compare  Fetid  Bronchitis.) 

We  should  also  consider  the  follo\A'ing  diseases  as  being  in  close 
relationship  with,  or  as  sequels  of,  bronchiectasis: 

Affections  of  the  pleurae,  peribronchitis,  bronchopneumonia,  lobar 
pneumonia,  hydrops  and  anasarca  from  diseases  of  the  kidneys  or 
heart  or  those  of  a  cachectic  nature  [amyloid  disease,  septicemia,  and 
pericarditis  (Ewart)]. 

Emphysema  is  a  frequent  and  important  complication,  as  the  sub- 
sequent course  of  the  disease  depends  upon  it ;  chronic  catarrh  of  the 
larynx  -without  ulceration;  albuminuria;  chronic  affections  of  the 
kidneys;  and  cirrhosis  of  the  hver  are  also  to  be  mentioned. 

Abscess  of  the  brain,  generally  on  the  same  side  as  the  bronchiec- 
tasis, t 

Abscess  of  the  spinal  cord  (Xothnagel). 

Amyloid  degenerations  (Trojanowski,  three  cases). 

Leichtenstern  %  mentions  a  very  remarkable  complication:  A  stone- 
cutter had  two  traction  diverticula  in  the  esophagus,  and  one  of  the 
two  broke  through  into  a  bronchiectatic  cavern  of  the  left  upper  lobe. 

Pyopneumothorax,  in  consequence  of  the  rupture  of  a  cavity. 

Rheumatism  of  chfferent  joints,  especially  of  the  ankle-  and  knee- 
joints,  is  so  frequently  noted  that  Gerhardt  §  expresses  the  opinion 
that  it  is  due  to  a  pus  infection.  [A  case  of  this  character  was  re- 
cently seen  by  the  editor,  in  which  the  joints  simulated  in  appearance 
an  acute  rheumatoid  arthritis.     There  was  high  fever.] 

Tuberculosis  is  not  a  frequent  complication,  but  it  is  found  often 
enough,  in  the  lungs  as  well  as  in  other  organs  (for  instance,  in  the 
genito-urinar}^  organs;  Biermer,  14  cases). 

Cancer  is  an  accidental  complication  (Biermer,  Cases  4,  21), 
but  in  Case  17,  multiple  sarcoma  of  the  lung  was  certainly  the  pre- 
disposing factor,  as  it  caused  stenosis. 

Gastric  ulcer  is  also  mentioned  as  an  accidental  complication 
(Trojanowski,  1  case). 

*  Wiirzhurger  med.  Zeitschrift,  1861,  vol.  ii,  p.  3-33. 

t  Williams,  Lancet,  Dec,  1882;  Biermer  in  Virchoiv's  Archiv,  xix;  Case  2  (left 
bronchus,  brain  abscess  on  the  left,  but  also  pus  in  the  right  posterior  horn) .  Cayley, 
I.  c. 

t  Deut.  med.  Woch.,  1891,  14,  15.  §  Dent.  Arch,  fiir  klin.  Med.,  vol.  xv. 
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The  majority  of  bronchiectatic  patients  suffer  from  disturbances 
of  the  heart,  so  that  this  may  exert  an  influence  on  the  course  of  the 
disease.  In  extreme  cases  the  pleural  thickening  may  extend  to  the 
pericardium,  and  this  may  become  adherent  to  the  heart.  Hyper- 
trophy and  dilatation  of  the  right  ventricle  are  much  more  common. 
True  valvular  lesions  are  rare. 

Diagnosis. — After  the  detailed  description  that  has  been  given, 
it  is  only  necessary  to  mention  that  it  is  possible  to  confound  the 
disease  with  all  its  complications,  and  that  it  is  most  frequently 
confounded  with  simple  bronchitis. 

The  cUfferential  diagnosis  from  tuberculosis,  which  was  formerly 
so  difficult  and  called  for  so  many  and  such  uncertain  observations, 
has  now  become  one  of  the  surest  that  we  have,  thanks  to  the  discov- 
ery of  the  tubercle  bacillus;  although  the  coexistence  of  tuberculosis 
and  bronchiectasis  cannot  be  determined  by  means  of  this  investiga- 
tion. But  no  more  do  the  older  auxiliary  factors  (age  of  the  patient, 
situation  of  the  ca\dty,  general  habit)  assist  us  in  arriving  at  a  diag- 
nosis; a  decision  can  be  reached  only  by  a  knowledge  of  the  entire 
history  of  the  case.  As  a  fundamental  principle  we  may  accept  the 
axiom  that  tuberculosis  may  occur  as  a  comphcation  of  bronchiectasis, 
but  not  the  reverse,  which  is  practically  correct. 

Confusion  with  gangrene  of  the  lung,  putrid  bronchitis,  intersti- 
tial pneumonia,  and  pneumothorax  is  less  easy  to  avoid  on  account 
of  the  fact  that  these  things  so  often  occur  together.  Besides,  we 
cannot,  for  the  cUagnosis  of  bronchiectasis,  insist  on  the  demonstration 
of  large  air-containing  cavities,  since  the  cavities  are  often  enough 
filled  with  pus  and  mucus  instead  of  air,  and  are  frequently  not  large 
enough  to  affect  auscultation  and  percussion  in  any  characteristic 
manner. 

The  cases  thus  divide  themselves  into  two  groups:  First,  those 
which  present  cavernous  symptoms  and  in  which  we  must  guard 
against  confusion  with  tuberculosis,  and  those  rare  diseases  which 
present  the  same  symptoms,  such  as  abscesses,  gangrene,  pneumo- 
thorax; and,  second,  those  which  show  no  signs  of  cavity;  in  the 
latter  a  more  accurate  diagnosis  than  ''bronchitis,"  "putrid  bron- 
chitis," or  "chronic  pneumonia"  can  only  be  inferred. 

[According  to  Fowler  and  Godlee,  the  diagnosis  from  chronic  bron- 
chitis with  emphysema  depends  chiefly  upon  the  character  of  the  ex- 
pectoration and  the  peculiar  mode  of  its  evacuation.  Persistent  fetor 
points  strongly  to  bronchiectasis.  If  the  breathing-sounds  areof  the 
wavy,  bronchial  quality,  and  accompanied  by  coarse  bubbhng  or 
ringing  metalhc  rales,  and  particularly  by  the  "veiled  puff,"  it  is 
very  probable  that  the  tubes  are  dilated. 

To  decide  the  question  of  operation  it  often  becomes  important 
to  differentiate  between  bronchiectasis  and  a  limited  empyema  with 
an  opening  into  the  lung.  In  emp3'ema  an  operation  is  decidedly 
indicated,  whereas  in  bronchiectasis  it  is  seldom  advisable,  except  in 
those  rare  cases  in  which  a  single  large  bronchiectatic  cavity  is  present 
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in  the  lower  lobe,  when  an  operation  is  admissible  and  has  been 
attended  with  success. — Ed.] 

Treatment. — Recovery  from  bronchiectasis  has  been  at  times  the 
result  of  an  obliterative  process  by  the  growth  of  connective  tissue; 
but  such  a  spontaneous  cure  can  be  expected  only  in  rare  and 
especially  favorable  cases,  like  that  of  Bamberger,  for  example,  in 
which  recovery  occurred  after  the  cavity  had  ruptured  into  the 
pleura. 

Howe^'er,  we  believe  that  in  time  the  effort  to  discover  and  fulfil 
the  conditions  necessary  for  recovery  will  be  successful.  There  is  no 
doubt  that  a  fundamental  condition  is  to  keep  the  contents  of  the 
cavity  and  bronchi  aseptic,  the  only  means  of  accomplishing  which 
is,  so  far  as  we  now  know,  to  keep  the  patient  in  the  purest  possible 
air.  This  therapeutic  indication  can  be  in  part  satisfied  by  the 
internal  administration  of  creosote  and  turpentine.*  We  may  also 
provide  for  the  inhalation  of  creosote  solutions  and  turpentine  vapors; 
but  these  laborious  and  circumstantial  methods  will  accomplish  rela- 
tively little,  and  internal  medication  will  have  to  be  regarded  as  the 
superior  method.  Grainger  Stewart  asserts  that  injections  into  the 
trachea  have  given  him  the  best  results.     He  recommends  f : 

Menthol   10  parts 

Guaiacol     2     " 

Olive  oil 88     " 

Inject  into  the  trachea  twice  a  day. 

Not  drugs,  but  a  suitable  place  of  abode  and  appropriate  occupa- 
tion, are  the  most  important  factors  in  the  treatment  of  bronchi- 
ectasis; the  patient  must,  above  all  things,  avoid  the  haunts  of  men, 
for  crowds  are  the  hotbeds  where  the  injuries  most  to  be  dreaded  mul- 
tiply. The  greatest  care  must  be  exercised  to  avoid  any  new  in- 
flammatory process,  even  a  mild  attack  of  bronchitis;  and  tliis  indica- 
tion, together  A\ith  the  foregoing  one,  make  up  the  fundamental 
principles. 

The  symptomatic  use  of  expectorants,  such  as  ipecac,  senega, 
and  apomorphin,  may  be  useful  at  times  in  these  cases  during  the 
stage  when  there  is  a  certain  stagnation  of  the  secretion  due  to  toler- 
ance of  the  bronchi,  and  it  is  desirable  to  stimulate  evacuation  of  the 
secretion.  But  I  always  object  to  the  long-continued  use  of  these 
drugs. 

[A  practical  point  of  some  importance  consists  in  ha\dng  the 
patient  lower  the  head,  either  over  the  edge  of  the  bed,  or  w^hile 
standing,  to  allow  the  accumulated  secretion  to  gravitate  out  of  the 
sacculations  and  into  the  receiver.  Its  regular  employment  should 
be  suggested  whenever  no  contraindications  exist.     Ewart  t  recom- 

*  Tolu  and  thymol  are  also  used  in  a  similar  way,  but  give  no  better  results. 
Recently  mjTtol  has  been  very  highly  recommended  in  doses  up  to  6.0  grams  ( jiss) 
a  day. 

t  Brit.  Med.  Jour.,  1893,  i.  J  London  Lancet,  July  18,  1901. 
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mends  raising  the  foot  of  the  bed  twelve  or  fourteen  inches. 
Great  rehef  from  the  paroxysms  of  cough  and  gushes  of  pus  en- 
sue. In  one  case  the  fever  lessened  and  the  expectoration  was 
reduced. — Ed.] 

Some  time  ago  the  attempt  was  made  to  treat  the  bronchiectatic 
area  directly  with  antiseptic  applications.  Weak  solutions  of  car- 
bolic acid  and  other  disinfecting  fluids  were  injected  into  the  lungs 
by  means  of  a  Pravaz  syringe  in  the  hope  of  reaching  the  seat  of  the 
cavity  or  cavities.  A  consideration  of  the  extreme  complexity  of 
the  conditions  that  confront  the  therapeutist  in  these  cases,  and  a 
study  of  the  postmortem  appearance  of  such  a  lung  with  its  winding 
and  intertwining  cavities  filled  with  pus,  out  of  all  proportion  to  one  or 
even  ten  syringefuls  of  a  fluid  that  can  only  act  for  an  instant,  will 
enable  one  to  form  a  true  estimate  of  the  value  of  local  disinfection. 
Were  it  possible  to  diagnose  a  circumscribed  cavity,  it  might  be 
rational  to  attempt  cure  in  this  way. 

[One  of  the  recent  methods  of  treatment  is  the  inhalation  of  creosote 
vapor,  as  suggested  by  Dr.  Arnold  Chaplin.  The  method  is  as  f ohows : 
A  small  room  should  be  set  apart  for  the  purpose  and  should  be 
cleared  of  furniture,  except  such  articles  as  wooden  chairs  and  a  table. 
The  patient  should  put  on,  over  his  clothes,  a  garment  with  sleeves, 
shaped  something  like  a  smock-frock,  to  prevent  the  smell  of  the 
creosote  vapor  from  penetrating  the  clothing.  The  eyes  should  be 
protected  by  well-fitting  goggles  or  by  a  mask  made  of  adhesive 
strips  with  two  watch-glasses  corresponding  in  position  with  the  eyes 
and  tied  with  strings  at  the  back  of  the  head.  Plugs  of  cotton  should 
be  inserted  in  the  nostrils.  Ordinary  commerical  creosote  is  poured 
into  a  metal  saucer  on  an  iron  tripod  and  the  saucer  heated  with  a 
spirit-lamp  placed  beneath  it.  As  the  creosote  is  heated,  dense 
clouds  of  vapor  arise  and  quickly  fill  the  room.  The  effect  on  the 
patient  is  to  produce  violent  cough  attended  with  profuse  expectora- 
tion, nearly  two-thirds  of  the  daily  quantity  being  usually  ejected 
during  the  bath;  vomiting  may  follow  the  cough.  The  process  is 
not  a  pleasant  one,  but  it  is  remarkable  how  readily  some  patients 
become  accustomed  to  it.  They  usually  state  that  the  breathing  is 
much  freer  after  the  bath  and  that  they  enjoy  a  much  longer  interval 
of  almost  complete  freedom  from  cough  and  expectoration.  At  first 
the  bath  may  be  given  on  alternate  days  from  fifteen  to  twenty 
minutes ;  but  when  the  patient  has  become  accustomed  to  the  treat- 
ment, the  bath  should  be  given  daily  and  the  duration  of  it  gradually 
increased  up  to  an  hour  or  an  hour  and  a  half.  The  treatme^t  should 
be  persevered  with  for  long  periods,  a  bath  being  taken  daily  for 
three  months  or  more.  For  a  full  discussion  of  this  method,  with 
cHnical  notes  of  a  number  of  cases,  the  reader  is  referred  to  Fowler 
and  Godlee,  "The  Diseases  of  the  Lungs."  The  authors  come  to  the 
following  conclusion  with  regard  to  the  creosote  vapor  bath  treat- 
ment: (1)  It  presents  no  practical  difficulties  and  is  unattended  by 
any  unfavorable  results.     The  benefit  to  be  obtained  in  bronchiec- 
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tasis  is  far  greater  than  that  derived  from  any  other  form  of  treat- 
ment. (2)  In  exceptional  cases  a  condition  almost  amounting  to 
cure  may  follow  the  prolonged  use  of  creosote  vapor  baths.  (3)  As 
a  rule,  the  fetor  of  the  sputa  is  modified,  and  not  infrequently  the 
odor  disappears  altogether,  but  in  some  cases  it  is  unaffected.  (4) 
The  quantity  of  the  sputa  is  not  always,  or  even  as  a  rule,  diminished. 
It  varies  much  from  time  to  time  and  may  be  increased.  (5)  The 
treatment  requires  to  be  continued  for  a  long  period,  possibly  six 
months  or  more ;  in  some  cases  its  continuous  use  is  advisable. 

Another  method  consists  in  hypodermic  injections  of  sterilized  oil 
of  guaiacol  or  creosote.  The  dose  is  30  minims  of  a  solution  of  the 
strength  of  1  :  4. 

In  regard  to  the  inhalation  of  oxijgen,  it  theoretically  fulfils  a 
double  purpose:  that  of  aiding  respiration,  and  of  disinfecting  the 
air-tubes.  Actually,  however,  it  has  proved  of  little  value,  perhaps 
because  of  its  tendency  to  diminish  rather  than  to  increase  the  activity 
of  the  respiratory  mo^'ements. 

Poore  is  the  originator  of  a  method  based  upon  the  penetrating 
properties  of  some  of  th^olatile  constituents  of  garlic,  and  upon  their 
stimulating  and  antise*ic,  as  well  as  odoriferous  virtues.  Garlic 
probably  acts  as  a  general  tonic  as  well  as  a  local  stimulant.  Its 
local  effect  is  produced  at  the  surface  of  the  mucous  membrane  by 
exhalation,  but  the  fact  that  the  smell  of  garlic  is  also  given  off  by 
the  skin  suggests  that  the  constitutional  influence  of  the  drug  may 
be  wide-spread  and  important.  Poore  reports  that  the  original  fetor 
of  the  expectoration  in  the  cases  treated  with  garlic  was  replaced  by 
a  pungent  smell  reminding  one  of  that  of  syringa.  The  discharge  was 
greatly  diminished  and  a  remarkable  improvement  took  place  in  the 
health,  in  the  strength,  and  in  the  weight  of  the  patients.  The  treat- 
ment is  generally  well  borne,  and  if  the  remedy  be  taken  after  meals, 
the  patients  generally  submit  without  much  inconvenience.  A  clove 
of  garlic  is  chopped  up  and  mixed  with  beef-tea,  or  preferably  in- 
closed in  gelatin  capsules.  As  much  as  30  grains  of  chopped  garlic 
have  been  administered  in  capsules,  eight  times  a  day.  Poore  sug- 
gests that  sulphid  of  allyl  is  probably  the  remedial  agent.  The  oil  of 
allyl  may  be  prescribed  in  capsules  containing  ^  a  minim  to  begin 
^vith,  and  the  dose  gradually  increased.  Good  results  have  been 
obtained  by  this  method,  not  only  in  bronchiectasis,  but  also  in 
phthisis. 

In  the  tuberculous  cases  Allbutt  regards  the  use  of  intratracheal 
injections  mth  grave  suspicion,  on  account  of  the  possible  dissemina- 
tion of  the  infection  from  the  upper  into  the  lower  lobes. 

In  view  of  the  growing  popularity  of  the  spa  treatment,  a  note  in 
regard  to  the  climatic  and  crounotherapeutic  possibilities  in  bronchi- 
ectasis may  not  be  out  of  place.  In  England  Thanet,  Folkstone, 
Easton,  and  Brighton  are  recommended.  The  climate  to  be  sought 
is  a  dry,  or  even  a  cold  atmosphere,  such  as  that  of  the  Alpine  wdnter, 
with   plenty   of   outdoor   life   and   physical   exercise.     Accordingly 
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patients  in  the  United  States  may,  if  no  contraindications  exist,  be 
sent  to  the  high  Western  plateaus,  or,  if  desired,  to  the  more  hospitable 
southern  shore  of  California.  Among  medicinal  springs  the  sulphu- 
rous thermal  waters  enjoy  deserved  reputation  in  the  treatment  of 
this  affection.  Harrowgate,  Moffatt,  Aix-les-Bains,  Eauxchaudes, 
Cauterets,  and  Bagneres-de-Luchon ;  and,  in  the  United  States,  Warm 
Springs,  Virginia ;  Richfield  Springs,  New  York ;  Hot  Sulphur  Springs, 
Colorado;  and  Gilroy  Hot  Springs,  California.  Patients  unable  to 
leave  home  may  find  a  substitute  in  tonic  baths  combined  mth  the 
internal  administration  for  recurring  periods  of  some  preparation  of 
sulphur.  Warm  sea-water  baths  may  be  of  considerable  value,  and 
in  some  cases  the  stronger  stimulation  obtained  from  the  artificial 
Nauheim  baths  may  be  desirable.  A  tepid  bath  terminated  by  cool 
or  cold  effusion,  and  followed  with  strong  friction  of  the  surface,  may 
be  recommended  among  hydriatric  measures. — Ed.] 

The  futility  of  local  applications  has  led  the  surgeons  to  go  still 
further ;  they  have  punctured  the  cavities  mth  a  trocar  and  inserted 
a  drain  through  the  opening  * ;  and,  finally,  they  have  searched  for 
them  with  a  knife  and  opened  them.  When  we  think  how  uncertain 
the  diagnosis  is,  how  rarely  a  single  cavity  is  present,  what  dangerous 
hemorrhages  and  other  accidents  have  accompanied  the  operations 
on  the  lungs,  we  will  not  place  too  much  reliance  on  this  procedure ; 
however,  it  cannot  be  entirely  disregarded,  as  the  advances  in  opera- 
tive technic  promise  better  and  more  reliable  results  than  have  been 
gained  hitherto.  For  the  present,  under  favorable  surroundings,  the 
chances  for  the  patient  are  better  without  than  with  operation.  In 
special  cases  operation  may  be  considered,  when  a  circumscribed 
cavity,  the  location  of  which  can  be  estabhshed  with  the  help  of  an 
exploratory  puncture  may  be  reasonably  assumed,  and  when  the 
obliteration  of  the  pleural  cavity  at  the  site  of  operation  has  been 
assured. 

The  results  of  pulmonary  surgery  in  bronchiectasis,  as  they  appear 
at  the  present  time,  may  be  gathered  from  a  study  of  the  following 
cases,  which  I  was  able  to  collect : 

1.  Cases  resulting  in  recovery  or  improvement: 

Mosler  and  Hiiter,  1875. 

Lauenstein:  "  Chirurg.  Centralblatt,"  1884,  No.  18. 

Rochelt:  "Wiener  med.  Presse,"  1886,  No.  39. 

Albert:  "Wiener  med.  Presse,"  1886,  No.  39. 

Godlee:  "Brit.  Med.  Jour.,"  March,  1886,  p.  590,  two  cases. 

Leonville :  "  Revue  med.  de  la  Suisse  romaine,"  v,  1886,  two  cases. 

Stewart:  "Brit.  Med.  Joiir.,"  1887,  p.  179. 

Hofmockel:  "Wiener  med.  Presse,"  1892. 

Hofmockel:  ibid.,  1893,  No.  18. 

2.  Cases  resulting  in  death: 

Hosier  and  Huter,  1873. 

Douglas:  "Lancet,"  ii,  1879. 

Koch :  "  Centralblatt  fiir  Chirurgie,"  1882,  p.  693,  two  cases. 

Mosler  and  Vogt,  1882. 

*  Th.  Williams. 
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Rendu  and  Segond:  "  Rendu  le^-ons  do  cliniques  m6d.,"  i,  p.  169.  (Operation  with 
good  results,  but  death  from  collapse  on  the  tliird  day.) 

Williams:  "Lancet,"  1882.      (Death  from  abscess  of  the  brain.) 

Brookhouse:  '"  Lancet,"  1888.  (lironchus  opened  on  account  of  symptoms  of  septi- 
cemia.    Unsuccessful.     Death.) 

Mackey :  "  Brit.  Med.  Jour.,"  Oct.,  1888,  p.  765.  (Bronchus  after  pleuropneumonia 
in  a  man  twenty  years  of  age.  The  operation  was  followed  by  temporary  relief, 
then  death  from  septic  pneumonia.) 

Finlay :  "  Brit.  Meil.  Jour.,"  Oct.,  1888,  p.  807.  (Severe  bronchitis  in  a  ten-j'ear-old 
boy,  resulting  from  a  splinter  of  bone.     Operation.     Death  after  fourteen  days.) 

Krecke:  "  Miinchener  med.  Wochenschr.,"  1891. 

Biondi:  "Chirurg.  Centralblatf,"  1894. 

I  have  found,  then,  11  cases  of  recovery,  as  opposed  to  12  cases 
of  death.  The  work  of  Roswell  Park,*  which  is  said  to  contain  23 
cases,  was  not  accessible. 

Hofmockel  has  given  an  exhaustive  discussion,  with  a  collection 
of  80  cases  operated  on  account  of  abscesses,  gangrene,  or  bronchi- 
ectasis. The  best  results  were  secured  by  the  operation  for  abscesses; 
the  worst  by  that  for  bronchiectasis.  [See  Abscess  and  Gangrene  of  the 
Limgs  for  further  discassion  of  the  surgical  treatment  of  this  affection. 
—Ed.] 

VICARIOUS  BRONCHIECTASIS. 

When  a  portion  of  a  lung  has  become  inaccessible  to  tne  air  and 
its  volume  is  reduced,  the  traction  exerted  on  the  adjoining  tissues 
during  inspiration  will  cause  them  to  make  an  attempt  to  fill  the 
space.  The  powerful  pull  of  the  muscles  which  dilate  the  thorax  vnll 
not  be  affected  by  the  resistance  of  smaller  areas,  although  in  the  case 
of  the  larger  ones  the  excursions  of  the  thorax  ■uill,  of  course,  be 
somewhat  restricted.  The  pull  which  acts  on  the  lungs  being  unable 
to  expand  the  impermeable  portions,  vnll  expand  the  other  portions; 
accorcUng  to  the  position  and  circimistances,  this  may  affect  the 
alveoli  or  the  bronchi,  and  thus  arise  \icarious  emphysema  and 
\dcarious  bronchiectasis,  hence  the  not  infrequent  association  of  the 
two  concUtions. 

There  may,  therefore,  be  bronchopneumonic  masses  of  every  kind, 
atelectases,  infarcts,  and  cicatricial  retractions.  The  anatomic  con- 
ditions are  very  clear  in  the  well-marked  cases :  the  mucous  membrane 
seems  thinned  like  a  serous  membrane.  We  also  find  occasionally  a 
hint  of  the  distinction  between  the  atrophic  and  the  hypertrophic 
form  of  bronchiectasis,  and  under  the  influence  of  the  contraction  of 
scar  tissue  the  atrophic  form  may  imdoubtedly  develop  from  the 
hypertrophic;  the  important  point  is  that  no  inflammatory  processes 
play  any  part  in  this  form  of  the  disease;  it  is  a  true  emphysema  of 
the  bronchi.  Rokitansky  in  describing  certain  emphysematous  lungs 
states  that  the  bronchial  tubes  were  everywhere  cUlated  and  beset  \\'ith 
lax,  thin-walled  sacs,  which  had  developed  through  cUlatation  of  the 
fine  branches  going  from  them.t  These  cases  we  must  certainly 
consider  as  ^'icarious. 

*Annals  of  Surgery   1887.       t  "Lehrbuch  der  path.  Anat.,"  iii,  54,  Wien,  1861. 
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Clinically  ^dcarious  bronchiectasis  has  very  little  importance ;  the 
dilatation  does  not  become  great  enough  to  form  demonstrable  cavities. 
Besides  the  diseases  which  have  an  assignable  cause  and  which  still 
predominate  in  the  pathologic  picture,  we  find  a  disease  which  is  in 
the  main  a  bronchitis,  but  which  will  excite  suspicion  on  account  of 
its  blennorrheic  sputum. 

The  possibility  that  the  bronchi  may  also  become  ulcerated  and 
that  they  may  furnish  the  basis  for  the  development  of  inflammatory 
bronchiectases  is,  of  course,  not  excluded'.  But  this  also  is  to  be 
regarded  as  rare.  We  know  that  neither  tuberculosis  nor  emphysema 
especially  predispose  to  inflammatory  bronchiectasis,  and  that  these 
are  the  two  main  diseases  that  favor  the  vicarious  type  in  the  diffuse 
form.  The  other  causative  diseases  lead  to  the  formation  of  circum- 
scribed masses. 

When  conditions  are  found  which  favor  stagnation  of  the  secre- 
tion, quite  peculiar  masses  of  smaller  inflammatory  bronchiectatic 
areas,  or  a  single  larger  one,  may  develop,  which  remain  perfectly  inex- 
plicable unless  we  consider  this  relationship. 


CONGENITAL  BRONCHIECTASIS. 

Under  the  name  of  congenital  bronchiectasis  an  affection  of  the 
bronchi  has  been  described  which  is  found  in  the  new-born.  The 
lungs,  or  usually  one  alone,  are  filled  T\dth  cysts  which  contain  a  serous 
fluid.  The  disease  is  considered  as  a  manifestation  of  hereditary 
syphilis. 

Grawitz  *  found  the  right  lower  lobe  converted  into  a  multi- 
locular,  flaccid  pouch,  which  did  not  communicate  with  the  bronchi. 
This  pouch  was  filled  with  a  thin  fluid  containing  nuclei  and  ciliated 
cells ;  the  walls  were  lined  with  several  layers  of  cuboidal  epithelium, 
the  uppermost  cells  of  which  were  ciliated.  Further  investigation 
indicated  that  it  might  have  been  a  hydropic  distention  of  a  main 
bronchus,  which  had  led  to  cyst  formation.  A  system  of  ca\dties 
was  show^n,  which  opened  together  into  a  common  middle  space  and 
were  separated  from  each  other  by  thin  dividing  walls.  From  the  largest 
arose  secondary  and  tertiary  party  walls,  so  that  numerous  recesses 
were  formed.  A  small  boundary  zone  of  lung  substance  formed  the 
transition  from  the  cyst  to  the  rest  of  the  healthy  lung.  This  boun- 
dary zone,  which  appeared  almost  emphysematous  in  the  recent  lung, 
consisted  of  embryonal  lung  tissue. 

Kessler  (Meyer),  whose  case  GraA\dtz  cited,  observed  a  girl  who 
was  healthy  until  the  fifth  month  of  her  life,  and  then  began  to  suffer 
from  attacks  of  asphyxia,  aggravated  by  lying  on  the  right  side  and 
relieved  by  lying  on  the  left.  A  permanent  cyanosis  developed.  The 
right  lung  was  found  somewhat  emphysematous  at  the  borders;  the 
upper  part  of  the  left  formed  a  wide  fibrous  sac  connected  with  the 

*  Virchow's  Archiv,  vol.  lxxxiii. 
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root  of  the  lung;  by  a  small  amount  of  normal  lung  tissue.  Numerous 
bronchial  branches  opened  into  the  sac. 

Meyer  (ibid.)  found  in  a  five  to  six  months'  fetus  a  very  similar  con- 
dition^ and,  finally,  Fraenkel  mentions  a  .similar  finding  in  a  twenty- 
five-year-old  gokl-worker,  who  died  with  the  s}'mptoms  of  severe 
asthmatic  trouble.  Grawitz  considers  it  highly  probable  that  this 
was  also  a  congenital  case. 

This  group  of  cases  is  compared  by  Grawitz  with  others  which  are 
likewise  to  be  regarded  as  developing  during  fetal  life.  But  there  are 
very  many  cysts;  thej^  are  located  in  the  bronchi  of  the  third  and 
fourth  order,  are  often  arranged  in  rows  one  behind  the  other,  some- 
times opening  outward  and  sometimes  entirely  closed.  A  shrtinken 
connective  tissue  or  a  slaty  induration  is  generall}^  wanting  between 
the  cysts;  only  one  lung  is  attacked,  and,  like  the  affected  por- 
tions of  the  preceding  group,  is  characterized  by  an  entire  absence 
of  pigment.     The  individuals  of  tliis  group  also  had  goiter. 

[E.  Neisser  *  reports  four  cases  of  unilateral  atrophy  of  the  lung, 
probably  connected  with  congenital  bronchiectasis.  The  cases 
resemble  each  other  in  their  main  features.  The  patients  had  all 
suffered  from  cough,  dyspnea,  attacks  of  fever,  with  foul-smelling  or 
bloody  sputum,  since  earliest  childhood.  These  attacks  were  inter- 
mittent, and  in  the  interval  the  patient  was  able  to  attend  to  his  work. 
The  cases  showed  a  marked  atrophy  of  the  left  lung,  A^ith  dislocation 
of  the  heart  toward  the  left,  a  high  position  of  the  diaphragm,  and 
an  enormous  compensatory  hypertrophy  of  the  right  lung,  well  shown 
b}^  means  of  the  Rontgen  rays.  In  these  cases  there  was  no  deformity 
of  the  affected  side  of  the  thorax,  no  "  retrecissement  de  la  poitrine," 
described  by  Laennec  as  one  of  the  cardinal  symptoms  of  an  acquired 
unilateral  atrophy  of  the  lung.  The  author  reviews  thoroughly  the 
literature  of  the  cases  of  unilateral  atrophy  of  the  lung  without  de- 
formity of  the  thorax.  He  thinks  that  those  factors  which  are  active 
in  the  causation  of  deformity  of  the  thorax  in  cases  of  acquired  atrophy 
of  the  lung  may  be  disregarded  in  cases  of  atrophy  of  the  lung  which 
are  either  congenital  or  date  from  earliest  infancy.  Thus,  he  cites 
cases  of  congenital  or  early  acquired  atrophy  in  which  pleural  ad- 
hesions were  proved  to  be  at  one  time  present,  but  were  later  confined 
to  the  posterior  and  lateral  chest-walls,  while  the  anterior  wall  was 
free  to  grow.  .  After  a  critical  reiiew  of  the  few  reported  cases  of 
atrophy  of  the  lung  in  adults,  ^^-ithout  deformity  of  the  thorax,  the 
author, — though  he  admits  that  in  case  of  a  very  slow  development 
of  Iting  atrophy  in  an  adult,  compensatory  hypertrophy  ^dthout  de- 
formity of  the  chest  may  occur, — is  inclined  to  the  belief  that  all 
cases  of  atrophy  of  the  limg  in  adults  with  normal  chests  may  be 
traced  to  a  congenital  or  very  early  acquired  lesion.  The  writer  goes 
over  the  reported  cases  of  congenital  bronchiectasis  ^^ith  unilateral 
atrophy,  and  believes  that  his  cases  belong  to  this  class.  Two  of  Ms 
cases  occiu-red  in  father  and  son,  and  for  this  as  well  as  for  other 

*  Zpitschrift  jiirklin.  Med.,  xlii,  1901,  p.  88. 
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reasons  the  author  beUeves  that  heredity  has  something  to  do  with 
this  affection. — Ed.] 

Grawitz  names  the  second  form  the  telangiectatic  form,  because 
only  the  smaller  bronchi  are  attacked,  in  contrast  to  the  first -/form, 
which  he  would  call  "universal  ectasia '';  in  the  latter  there  is  a  large 
common  cavity,  with  numerous  recesses. 

[Ewart  speaks  of  dermoid  growth  within  a  bronchus  as  among  the 
causes  of  congenital  bronchiectasis,  and  describes  a  specimen  in  the 
Museum  of  St.  George's  Hospital. — Ed.] 


THE  ATELECTATIC  BRONCHIECTASIS  OF  HELLER. 

I  mil  mention  here  the  cases  of  atelectatic  bronchiectasis  of 
Heller.  They  are  distinguished  from  those  of  Grawitz  by  the  preser- 
vation of  portions  of  fetal  lung  tissue,  by  a  surprising  growth  of 
cartilage  in  the  walls  of  the  bronchi,  and  by  the  fact  that  they  contain 
no  ciliated  epithelium,  the  epithelium  being  squamous;  but,  on  the 
other  hand,  they  present  very  marked  similarities,  and  the  question 
always  arises  whether  some  of  the  cases  of  Gra\\dtz,  if  they  were  met 
in  older  people,  could  not  be  regarded  as  such  atelectatic  forms.  In 
recent  times  more  attention  is  being  paid  to  these  atelectatic  cases; 
Herxheimer  *  mentions  three  cases,  affecting  individuals  of  forty- 
eight,  forty-nine,  and  sixty-five  years  respectively.  Here,  however, 
the  portions  which  were  macroscopically  free  from  pigment  showed 
on  microscopic  examination  finely  granular  pigment ;  in  one  case  the 
hypertrophy  of  the  bronchial  cartilage,  especially  mentioned  by 
Heller,  was  not  present. 

In  the  interesting  case  of  Francke  f  some  pigment  was  found  in 
the  bronchiectatic  portions,  but  appeared  quite  different  from  that 
in  the  healthy  portions  of  the  lungs.  This  case  was  further  char- 
acterized by  a  remarkable  deformity  of  the  thorax,— opposite  the 
lower  lobe  of  the  lung,  which  had  been  attacked  by  the  atelec- 
tatic bronchiectasis,  the  thorax  was  constricted  in  a  peculiar  manner, 
— and  also  by  the  fact  that  the  foramen  ovale  had  remained  open. 
Francke  also  mentions  Gairdner's  case  of  a  man  sixty-six  years  old. 
In  this  case  the  lower  lobe  of  the  left  lung  was  found  beset  by  bron- 
chiectatic cavities  and  was  entirely  free  from  pigment.  The  tissue 
appeared  neither  contracted  by  scar  tissue  nor  changed  by  inter- 
stitial inflammation,  and,  aside  from  the  absence  of  air  and  pigment, 
had  the  characteristics  of  normal  lung  tissue,  so  that  it  was  neces- 
sary to  think  of  congenital  atelectasis. 


[BRONCHIECTASIS   IN   CHILDREN. 

The   term   "  bronchiolectasis  "  has  been   applied  to  a  condition 
in  which  the  finest  ramifications  of  the   tubes    undergo  dilatation. 

*  Breslauer  arztliche  Zeitschrijt,  ix,  1887       f  Deut.  Arch,  fiir  klin.  Med.,  vol.  Lii. 
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The  affection  is  found  ehicdy  in  syphilitic  or  rickety  children, 
attacked  with  bronchitis,  which  may  be  either  primary,  or  sec- 
ondary to  some  acute  specific  ilisease,  such  as  measles,  whooping- 
cough,  or  diphtheria.  The  pathologic  lesions  which  speciall)'^  char- 
acterize these  cases  are  acute  peribronchitis,  dilatation  of  the 
bronchioles  throughout  extensive  areas  of  the  lungs,  the  presence 
of  innumerable  small  cavities  which  give  the  lungs  a  "worm-eaten" 
or  "honeycombed"  appearance,  and  the  presence  on  the  surface  of 
the  lungs  of  small  vesicles  containing  air.  In  most  cases  no  tubercles 
are  found,  but  the  changes  may  occur  in  association  with  miliar}- 
tuberculosis. 

The  exact  pathology  of  the  condition  known  as  "honeycomb  lung" 
is  not  yet  determined.  By  some  observers  it  is  doubted  whether — 
at  any  rate  in  the  tubercular  cases — the  cylindric  dilatations  are 
really  dilated  broncliioles,  and  it  is  certainly  rarely  possible  to  demon- 
strate the  presence  of  an}^  structure  belonging  to  the  bronchiole  in 
the  cellular  exudate  forming  the  walls  of  the  dilatations.  In  some 
cases  the  larger  cavities  appear  to  be  formed  by  the  breaking-down 
of  septa  intervening  between  neighboring  spaces. 

Symptoms. — ^The  cough  tends  to  be  paroxysmal  and  may  closely 
simulate  whooping-cough.  The  breath  will  probably  not  be  fetid, 
and  expectoration  may  be  absent,  because  it  is  swallowed,  but  during 
the  act  of  vomiting,  which  may  accompany  the  cough,  large  quantities 
of  pus  may  be  expelled.  Fever  is  not  necessarily  present,  but  during 
some  period  of  the  disease  a  high  temperature  (103°  to  105°  F.)  is  gen- 
erally observed.  Toward  the  close,  when  cyanosis  is  present,  the 
temperature  is  generally  subnormal.  In  subacute  and  chronic  cases 
clubbing  of  the  fingers  is  often  observed.  The  general  condition  of 
the  patient  may  remain  fairly  good  and  ma}^  be  much  less  unfavorable 
than  would  be  expected  from  the  extent  of  the  disease  within  the 
lungs. 

The  physical  signs  do  not  differ  materially  from  those  already 
described.  In  acute  cases  tubular  breathing  may  be  absent  and 
crepitant  rales  may  be  audible  over  extensive  areas.  The  special 
feature  of  the  adventitious  sounds  is  their  variability  from  day  to 
da}^,  both  in  number  and  in  quality. 

The  diagnosis  between  broncliiectasis  and  tuberculosis  is  rendered 
more  difficult  in  children  on  account  of  the  absence  of  expectoration, 
but  m.arkecl  variability  in  the  signs  present  from  day  to  day  is  char- 
acteristic of  bronchial  cUlatation.  In  bronchiectasis  there  is  often 
a  decided  want  of  proportion  between  the  extent  of  the  disease,  as 
evidenced  by  the  results  of  physical  examination,  and  the  general 
condition  of  the  patient;  the  latter,  indeed,  may  improve  while  the 
disease  is  extending — an  event  rarely  observed  in  tuberculosis. 
The  presence  of  glandular  enlargement  elsewhere  is  in  favor  of  a 
diagnosis  of  tubercle. 

Prognosis. — While  recovery  is  rare  and  the  condition  usually 
passes  into  the  chronic  stage,  even  then,  although  permanent,  the 
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disease  is  not  necessarily  progressive,  provided  the  patient  is  placed 
under  favorable  conditions. 

Treatment. — Vapor  baths  have  been  used  in  older  children,  from 
six  years  upward,  and  the  method  has  been  attended  with  the  same 
good  results  as  in  adults.  Cod-liver  oil  and  tonic  remedies,  and, 
when  there  are  signs  of  deficient  aeration  of  the  blood,  inhalations 
of  oxygen  are  advised. — Ed.] 
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The  older  literature  of  this  subject  is  given  by  Riegel.  For  the 
more,  recent,  which  is  referred  to  here,  see  especially  under  Syphilis 
of  the  Bronchi,  Tumors  of  the  Bronchi,  and  Diseases  of  the  Bronchial 
Glands. 

Stenosis  of  the  larger  bronchi — the  only  ones  that  will  be  discussed 
here — may  develop  from  the  most  varied  diseases,  and  so  we  shall 
consider  it  only  in  its  etiologic  and  symptomatic  aspect  as  a  symptom 
of  great  practical  importance. 

Etiology. — Bronchial  stenosis  is  naturally  divided  into  the  affec- 
tions arising  from  intrabronchial  causes,  those  from  extrabronchial 
causes,  and  diseases  of  the  bronchial  wall  itself. 

Intrabronchial  causes:  (1)  Foreign  bodies  (compare  under  that 
heading) ;  (2)  malignant  tumors  which  grow  into  the  bronchus. 

Case  of  Powel.  ("Path.  Soc.  Trans.,"  vol.  xxx,  p.  249.)  Tumor  of  the  posterior 
mediastinum,  which  had  grown  into  the  right  bronchus  and  had  finally  entirely 
occluded  it. 

Extrabronchial  causes  bring  about  compression  stenoses: 

(a)  Through  diseases  of  the  lymph  glands  (see  under  these). 

[See  also  "Bronchial  Obstruction  by  Suppurating  Bronchial 
Gland."*— Ed.] 

(6)  Through  aortic  aneurysm.  Aneurysm  of  the  ascending  aorta 
usually  compresses  the  right  bronchus ;  that  of  the  arch  and,  especially, 
of  the  descending  portion  compresses  the  left  bronchus. 

Landgraf,  1887.  ("Berliner  klin.  Wochenschr.")  Aneurysm  of  the  descending 
aorta  which  pressed  on  the  left  main  bronchus. 

O.  Frantzel,  1891.  ("  Charite-Annalen,"  xvi.)  Aneurysm  wliich  pressed  on  the  left 
main  bronchus. 

Habershon.     A  similar  case.     "  (Guy's  Hospital  Rep.,"  Ser.  iii,  vol.  ii,  1856.) 

Irvine.  Aneurysm  of  the  aorta  which  had  so  pressed  on  the  left  bronchus  that  it  had 
caused  perforation.  ("Trans.  Path.  Soc.  of  London,"  vol.  xxviii,  p.  63.)  The 
case  is  more  one  of  compression  than  of  perforation.  The  difference  between 
the  two  lungs  is  very  marked  :  the  one  emphysematous  with  open  bronchus,  the 
other  with  narrowed  bronchus,  riddled  like  a  sieve  by  many  small  cavities. 

Irvine.  ("Trans.  Path.  Soc.  of  London,"  vol.  xxix,  p.  36,  1878.)  .  Aneurysm  of  the 
ascending  aorta  compressing  the  left  bronchus.  The  inner  surface  was  ulcer- 
ated. The  left  lung  consisted  of  a  mass  of  cavities,  filled  with  a  reddish,  friable 
material ;  interstitial  pneumonia  and  bronchiectasis.  The  right  lung  was  simply 
emphysematous. 

*  J.  N.  Hall,  Am.  Jour.  Med.  Science,  Aug.,  1899. 
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Irvine.  ("  Trans.  Path.  Soc.  of  London,"  vol.  xxx,  p.  239.)  (1)  Compression  of  the 
ascending  portion  of  the  arch.  The  pressure  had  caused  two  ulcerated  openings 
in  the  Ijronchus.  .\  jjortion  of  the  corrcspoinling  lung  was  filled  witli  small 
cavities  (honeycombed),  another  portion  contained  cheesy  masses  and  gelatinous 
infiltrates.  The  pleura  was  greatly  thickened  and  adherent.  (2)  Aneurysm 
with  perforation  of  the  left  bronchus.  The  corresponding  lung  was  markedly 
bronchiectatic.  (3)  An  aortic  aneurysm  compressing  the  left  bronchus.  The 
left  lung  was  empliysematous  and  showed  some  scattered  pneumonic  foci. 

Kidd.  ("Trans.  Path.  Soc,"  vol.  x.\xv,  p.  118.)  Aneurysm  at  the  beginning  of  the 
ascending  aorta,  the  pressure  of  which  affected  mainly  the  left  bronchus.  The 
left  lung  was  filled  with  cavities  of  varying  sizes  and  contained  thick,  bloody, 
and  offensive  masses.     There  was  no  trace  of  tubercle. 

(c)  Mediastinitis  and  mediastinal  tumors. 

Bronchostenosis  from  an  adenoma.  Miiller.  (Dissertation,  Halle,  1882.)  Secon- 
dary bronchiectasis. 

Stenosis  of  the  right  bronchus,  due  to  carcinoma  of  the  mediastinum.  Secondary 
bronchiectasis.     Williams.     ("Trans.  Path.  Soc,"  vol.  xxiv.) 

Stenosis  of  the  right  bronchus  from  a  tumor  which  had  grown  between  the  bronchial 
trunk  and  the  trachea.  Bronchial  glands  enlarged.  Dickinson.  ("  Trans. 
Path.  Soc,"  vol.  XXIV.)  The  author  considers  the  tumor  a  lymphadenoma. 
These  tumors  do  not,  however,  usually  cause  stenosis. 

Narrowing  of  the  left  bronchus  by  carcinoma  of  the  bronchial  glands.  Powell. 
("Trans.  Path.  Soc,"  vol.  xix,  p.  76.) 

Narrowing  of  the  right  bronchus  by  carcinoma  of  the  anterior  mediastinal  glands. 
Death  from  hemoptysis.     Moxon.     ("  Trans.  Path.  Soc,"  vol.  xix,  p.  64.) 

Lediard.  ("Trans.  Path.  Soc,"  vol.  xxxi,  p.  309.)  A  lymphoma  of  the  mediasti- 
num had  grown  into  the  right  lung  and  so  crowded  the  right  bronchus  that  the 
lumen  was  almost  obliterated. 

West.  ("Trans.  Path.  Soc,"  vol.  xxxvii,  1886,  p.  141.)  Medullary  carcinoma  in 
the  mediastinum  compressing  the  left  bronchus.  The  lung  was  not  more  than 
an  eighth  of  its  normal  size  and  was  covered  by  a  thickened  pleura  (5  cm.).  In 
addition,  there  was  a  large  amount  of  fluid  in  the  left  pleural  sac.  Both  pul- 
monary arteries  were  obstructed. 

(d)  Pericarditis,  hydropericardium  and  dilatation  of  the  left 
auricle. 

King.  ("  Guy's  Hospital  Rep.,"  1838,  Ser.  i,  vol.  in,  p.  175.)  Two  cases  with  mitral 
insufficiency:  one  with  synechia  and  mitral  stenosis,  and  one  with  cyanosis, 
patency  of  the  foramen  ovale,  and  insufficiency  of  the  valves  of  both  ventricles. 
Aside  from  the  left  bronchus,  which  was  considerably  flattened,  the  bifurcation, 
and  even  the  beginning  of  the  right  bronchus,  seemed  somewhat  compressed. 
Friedreich.  ("  Virchow's  Spec  Path,  und  Ther.,"  vol.  v,  2,  p.  236.) 
Taylor.  ("Trans.  Path.  Soc.  of  London,"  vol.  xi.)  Mitral  stenosis  and  hydroperi- 
cardium. 

(e)  Abscesses  of  the  vertebral  column,  sternum,  and  ckAicle. 

Demme.     ("  Wiirzburger  med.  Zeitschr.,"  vols,  ii  und  in.) 

(/)  Tumors  of  the  lungs. 

Bronchostenosis  from  a  sarcoma  of  the  lungs.  Miithler.  (Dissertation,  Berlin, 
1873.)     Secondary  bronchiectases. 

(g)  Tumors  of  the  esophagus. 

These  tumors  perforate  the  bronchi,  but  rarely  cause  stenosis.  Zucker  and 
Ziemssen  have  such  a  case  in  "  Oesophaguskrankheiten,"  p.  176.  Carcinoma  of 
the  upper  and  lower  portions  of  the  esophagus,  the  two  separated  by  a  healthy  por- 
tion, 4  cm.  long.  Extensive  infiltration  of  the  tracheal  lymph-glands;  trachea 
infiltrated  with  carcinoma,  as  also  the  entrance  of  the  left  bronchus  and  the  left 
bronchus  itself. 
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It  is  evident  that  the  stenosis,  according  to  the  kind  of  pressure, 
may  vary  greatly  in  form  and  extent.  Compression  stenoses  exerting 
pressure  on  a  circumscribed  spot  usually  lead  to  an  inflammatory 
swelhng  of  the  inner  surface  of  the  bronchus,  which  results  in  ulcera- 
tion and  may  lead  to  perforation  (compare  Perforation).  The  prox- 
imal portion  of  the  bronchus  regularly  becomes  dilated,  sometimes  to 
a  high  degree;  of  this  we  have  already  spoken  under  Bronchiectasis.* 

On  the  chstal  side  of  the  compression  also  a  marked  dilatation  is 
not  so  very  rarely  observed.  The  lung  tissue  on  the  proximal  side 
generally  becomes  emphysematous,  o^^-ing,  probably,  to  the  de- 
velopment of  paralysis  of  the  bronchial  muscles,  obstruction  to  the 
outflow,  and  damming  back  of  the  secretion. 

Stenosis  due  to  disease  of  the  bronchial  wall  itself  occurs  in  the 
following  conditions : 

1.  (a)  Syphilitic  ulcers  with  scar  formation;  (h)  syphilitic  peri- 
bronchitis (compare  Syphilis  of  the  Bronchi). 

2.  Other  ulcers  (?).  For  this  there  is  no  authentic  material  in  the 
literature,  although  a  priori  it  would  not  be  impossible  that  a  tuber- 
culous or  traumatic  ulcer  should  have  such  a  result. 

3.  Tumors  (compare  these). 

4.  Simple  inflammatory  thickening.  These  cases  are  found  only 
in  the  older  literature  and  are  very  doubtful. t  They  were  char- 
acterized by  the  fact  that  no  bronchiectatic  areas  had  formed  behind 
the  stenosis.  Chronic  blennorrhea  of  the  nasal,  laryngeal,  and  tra- 
cheal mucous  membranes  may  extend  to  the  bronchial  mucosa,  but 
the  disease  of  the  latter,  in  comparison  with  that  of  the  upper  air- 
passages,  is  of  very  minor  importance. 

5.  Perichondritic  processes;  and 

6.  Abscess  formations  and  necrosis  of  the  cartilage.  Their  etio- 
logic  significance  is  not  confirmed  by  any  case-histories. 

7.  Rindfleisch  asserts  i  that  a  circular  narromng  of  the  large 
bronchi  at  the  point  of  bifurcation  and  at  the  points  where  the  secon- 
dary bronchi  are  given  off  occurs  in  emph^'sema.  The  bronchial  wall 
appears  thickened,  the  cartilages  seem  to  be  pushed  together  and 
their  edges  overlap  in  places.  He  concludes  from  this  that  there  is  a 
shortening  of  the  bronchi.  This  description  is  in  remarkable  contra- 
diction to  those  otherwise  known  to  me,  and  seems  not  to  have  been 
made  the  subject  of  later  investigation. 

8.  Gerhardt  has  described  a  very  peculiar  case  of  bronchostenosis 
ecchondrotica.§     A  man  had  several  times  suffered  from    severe 

*  A  careful  analysis  of  cases  that  form  an  exception  to  this  rule,  with  a  view  to 
determining  the  factor  on  which  the  exception  depends,  would  be  of  the  greatest 
value.  In  one  of  the  cases  reported  by  Kopp  (loc.  cit.,  p.  312)  it  is  express!}^  stated 
that:  the  left  main  bronchus  is  narrowed  to  such  a  degree  that  an  ordinary  lead- 
pencil  can  barely  be  introduced;  at  its  entrance  into  the  lung  tissue  it  regains  its 
normal  caliber. 

t  Andral,  Clinique  med.,  vol.  iii,  Paris,  1840,  pp.  176,  178. 

t  "  Sitzungsbericht  der  physiol.-med.  Gesellschaft  zu  Wiirzburg,"  1886. 

§  Jenaer  Zeitschrift  fiir  Medicin  und  Naturwissenschaft,  vol.  iii,  p.  134. 
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attacks  of  a  bronchitic  nature.  He  died  of  typhoid  fever.  In  the 
left  main  bronchus,  and  in  numerous  larger  and  smaller  branches, 
the  cartilaginous  rings  were  found  considerably  thickened  and  covered 
on  their  inner  surface  with  a  layer  of  bone  substance.  In  places 
dendritic  exostoses,  warty  and  granular  gi'owths  of  cartilage,  were 
present.  Some  of  the  cartilaginous  rings  had  a  thickness  of  4  to  6 
nmi.  The  muscles  and  elastic  fibers  were  arranged  in  the  form  of  a 
network,  lea\'ing  spaces  into  which  the  exostoses  projected.  The 
mucous  membrane  itself  was  thinned  and  showed  none  of  the  above- 
mentioned  bon}^  and  cartilaginous  growths.  The  lumen  of  many 
bronchi  was  constricted,  but,  on  the  other  hand,  cylindric  dilatations 
were  found  in  the  small  bronchi. 

Course. — If  a  sudden  closm'e  of  one  main  bronchus  occurs,  we 
find  a  liigh  degree  of  dyspnea;  life  is  much  endangered.  Marked 
disturbances  of  circulation  favor  the  development  of  edema  of  the 
lung  on  the  side  which  remains  permeable,  and  thus  death  may  occur 
very  quickly.  If,  on  the  other  hand,  the  patient  sur\'ives  this  shock, 
or  closure  develops  slowly,  there  results  only  a  constriction,  the 
patient's  life  is  not  endangered,  and  even  the  dyspnea  is  surprisingly 
slight  and  may  not  be  noticed  by  the  ordinary,  inattentive  observer. 
The  patients  complain,  however,  that  active  movements, — rapid  walk- 
ing, climbing  stairs,  and  the  like, — are  very  hard  for  them  and  make 
them  short  of  breath. 

When  the  constriction  exists  for  a  longer  time,  conditions  de^'elop 
in  the  affected  lung,  a  knowledge  of  which  was  necessary  for  the 
understanding  of  bronchiectasis,  and  which  were,  therefore,  given 
mider  that  head:  atelectasis,  emphysema,  bronchiectasis,  and 
bronchopneumonia  (compare  page  190).  The  subsequent  course  de- 
pends on  the  development  of  sequels.  Here  I  "^dll  mention  only  the 
direct  consequences  of  constriction  or  occlusion  of  a  main  branch. 
The  symptoms  of  possible  sequels  \^ill  not  be  considered  here,  and 
the  reader  is  referred  to  the  above-mentioned  sections. 

Symptoms. — As  soon  as  the  obstruction  becomes  so  great  that  it 
is  an  essential  hindrance  to  the  passage  of  air,  disturbance  of  the 
respiration  results.  But  this  is  quite  the  same  as  that  in  tracheal 
stenosis,  in  which  a  bilateral  bronchial  stenosis  develops,  which  is 
very  rare.*  If  only  one  bronchus  is  obstructed,  the  air  entering 
through  the  other  is  sufficient  to  satisfy  the  respiratory  needs  so  long 
as  the  other  lung  is  essentially  healthy.  The  number  of  respirations 
is  then  somewhat  increased,  but  the  type  of  respiration  is  not  changed. 
If  the  main  bronchus  is  narrowed,  the  respiratory  murmur  on  the 
affected  side  is  weakened  or  abolished;  the  vocal  fremitus  and  the 

*  As  in  the  case  of  Fa^Toud,  who  observed  a  bilateral  stenosis  from  syphilis  in  a 
sixty-three-year-old  woman.  In  the  case  of  Immermann  (Dent.  Arch,  fiir  klin.  Med., 
vol.  v),  the  first  bronchial  branches  on  both  sides  showed  several  marked  constric- 
tions and  angular  bends,  which  cau.sed  a  narrowing  of  a  portion  of  the  lumen  to  mere 
cleft-like  openings.  There  was  a  thick,  hard  mass  in  the  hilus  of  the  lung  which 
had  also  constricted  the  pulmonary  arteries.  The  respiration  was  accelerated  and 
markedly  dyspneic,  but  notliing  definite  was  said  about  the  type. 
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thoracic  excursions  are  affected  in  a  similar  way ;  the  percussion  note 
is  resonant,  if  no  complications  have  developed  in  the  lung.  The 
inspiratory  retraction  of  the  intercostal  spaces  is  seen  to  a  surprising 
and  characteristic  extent.  The  other  side,  on  the  contrary,  bulges, 
its  respiratory  excursions  are  of  considerable  extent,  and  the  dia- 
phragm is  lower  than  normal. 

We  often  hear,  over  the  point  corresponding  to  the  stenosis,  a 
peculiar  whirring  sound  which  can  even  be  felt  as  a  thrill.  This  may 
be  communicated  to  the  speech,  and  the  voice  takes  on  a  pecuHar 
bleating  tone  (Punch's  voice).  If  the  stenosis  affects  one  of  the  prin- 
cipal branches  of  the  main  bronchus,  this  may  be  revealed  by  the 
weakened  breathing  in  a  corresponding  extent. 

Pain  is  usually  not  present  to  any  marked  degree;  on  the  other 
hand,  there  is  often  a  feeling  of  pressure,  a  sore  feeling  on  one  side  in 
the  depths  of  the  chest,  very  definitely  localized.  According  to  the 
etiologic  factors,  however,  the  pain  may  be  very  severe,  especially  so 
in  carcinoma. 


TRACTION  DIVERTICULA. 

Traction  diverticula  have  sometimes  been  observed  in  the  large 
bronchi,  as  by  Immermann.*  In  this  case  there  was  an  extensive 
formation  of  wheals  at  the  hilum  of  the  lung.  The  mucous  membrane 
of  the  right  bronchus  between  the  first  and  second  cartilaginous  rings 
was  pushed  out  like  a  diverticulum,  and  drawn  toward  an  extremely 
narrowed  branch  of  the  pulmonary  arter}'^ ;  a  narrow,  cleft-like  opening 
led  into  a  pocket  nearly  1  cm.  in  depth.  Among  the  interesting 
preparations  of  Tiedemann,t  the  tenth  shows  between  the  third  and 
fourth  cartilages  of  the  left  bronchus  a  small  diverticulum  3  mm.  in 
depth.  At  the  outer  side  of  the  bronchial  tube,  embedded  in  a  mass 
of  scar  tissue,  was  found  the  remains  of  a  calcified,  shrunken  bronchial 
gland. 

Traction  diverticula  of  the  bronchi  have  no  clinical  importance. 

'^Deut.  Arch,  fur  Min.  Med.,  1869,  p.  235. 
t  Deut.  Arch,  fiir  klin.  Med.,  1875,  vol,  xv. 
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had  broken  through  into  a  large  branch  of  the  pulmonary  arterj-.     Another 
ulcer  in  the  bronchial  wall  in  connection  with  a  calcified  broncliial  gland. 
Tiedemann:  "  Deut.  Arch,  fiir  kliu.  Med." 

Specimen  X:  Perforation  of  a  traction  diverticulum  into  the  left  bronchtis; 
specimen  IX,  into  the  right  bronchus;   specimen  X"\'I,  into  a  bronchiectatic 
cavity  of  the  upper  lobe  of  the  left  lung. 
Ziemssen  und  Zenker:  In  "  Oesophaguskrankheiten,"  two  cases  of  traction  diverti- 
cula, perforating  into  the  right  bronchus,  pp.  77,  78. 
Habershon:  "Guy's  Hospital  Rep.,"  iii,  vol.  ii,  1856. 

Case  8:  Phthisis.  Carcinomatous  ulceration  of  the  esophagus,  communi- 
cating with  the  left  bronchus.  Sternal  (?)  and  mesenteric  glands  swollen.  The 
same  author  (he.  cit.)  tells  of  a  remarkable  case  in  which,  in  an  aneurysm  of  the 
ascending  aorta,  an  ulcer  of  the  esophagus  formed  and  ruptured  into  the  left 
bronchus.  The  relation  does  not  seem  clear.  The  anetirysm  did  not  press 
directly  on  the  ulcerated  place. 
Quincke :  "  Archiv  fiir  exp.  Path.  u.  Pharmakol.,"  vol.  xxviii. 

A  fistula  developed  by  the  degeneration  of  a  caseous  lymph-gland,  between 
the  left  bronchus  and  the  esophagus. 
Poland:  "Trans.  Path.  Soc,"  vol.  xxxvi,  1885.     A  parallel  case. 

Causes. — (a)  From  without  invxird: 

1.  Perforations  from  inflamed  lymph-glands  (compare  Diseases  of 
the  Bronchial  Glands). 

2.  Perforation  from  new-gro\\i;hs.      Perforation  of  the  carcino- 
matous esophagus. 

3.  Perforation  by  an  aneurysm. 

4.  Perforation  from  abscesses  of  the  lungs,  of  the  mediastinum, 
of  traction  diverticula,  and  of  other  structures. 
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(h)  From  within  outward: 

1.  Syphilitic  ulcers. 

2.  Foreign  bodies  (see  under  these). 

Rupture  of  the  carcinomatous  esophagus  into  the  bronchi  is  not 
so  frequently  described  as  we  should  expect.  The  condition  may 
develop  so  gradually,  so  insidiously,  as  it  were,  that  the  time  of 
rupture  cannot  be  determined.  At  first  there  is  catarrh,  with  a 
peculiar,  burning  pain  deep  down  in  the  thorax,  coming  on  immedi- 
ately after  the  act  of  coughing ;  then  we  notice  that  the  cough  occurs 
after  swallowing;  gradually  this  becomes  more  and  more  marked  and 
annoying;  bronchopneumonic  symptoms,  especially  in  the  lower 
regions  of  the  lungs,  make  their  appearance,  and  the  signs  of  putrid 
bronchitis  and  gangrene  of  the  lungs  develop.  In  a  certain  number 
of  cases,  it  is  true,  the  impression  made  on  the  patient  by  the  perfora- 
tion is  very  violent  and  sudden.  The  form  in  which  the  expectoration 
of  food  with  hemoptysis  takes  place  is  especially  characteristic. 
Often  the  signs  of  pneumothorax  also  appear.  Before  we  diagnose 
pneumothorax,  however,  we  must  not  forget  that  metallic  sounds  on 
the  back  near  the  spinal  column  may  also  be  due  to  abscess  of  the 
lung  or  to  the  esophagus  itself,  if  it  has  aspirated  air. 

It  is  interesting  that  rupture  of  the  carcinomatous  esophagus  by 
preference  takes  place  into  the  trachea  immediately  above  the  bifur- 
cation. Among  the  cases  of  Petri,*  Rebitzer,t  and  those  reported  in 
''Pathological  Society  Transactions,"  which  I  have  collected,  there 
are  ten  perforations  into  the  trachea,  five  into  the  left,  and  one  into 
the  right  bronchus.  The  first  perforations  found  in  the  com- 
munication of  Vigla,  the  nature  of  v/hich  is  not  fully  established 
(however,  they  are  surely  not  carcinomatous,  and  probably  arise 
from  tuberculous  bronchial  glands),  all  three  affected  the  right  bron- 
chus (and  the  trachea). 

The  duration  of  Hfe  after  perforation  is  short.  In  Gerhardt's 
case  it  was  nine  days  and  eleven  hours,  but  I  had  a  case  in  which, 
life  lasted  for  twenty-two  days. 

The  diagnosis  of  perforation  is  usually  easily  established:  Ex- 
pectoration of  food,  that  had  been  swallowed  without  coughing,  is  the 
pathognomonic  symptom.  However,  we  must  confess  that  under 
complicated  conditions  things  may  at  times  appear  very  doubtful 
at  the  bedside.  It  may  happen  that  the  communication  becomes 
closed  and  the  patient  for  days  appears  so  well  that  the  physician 
begins  to  question  the  correctness  of  his  diagnosis,  especially  if  he 
was  not  called  to  see  the  case  in  the  beginning.  Under  certain  circum- 
stances the  procedure  advised  by  Gerhardt  %  may  give  valuable 
results.  A  hollow  sound  is  introduced  into  the  esophagus  and  the 
amount  of  air  coming  out  of  it  is  determined.  Very  soon  the  volume 
becomes  so  great  that  there  is  no  room  left  for  doubt. 

*  Dissertation,  Berlin,  1868.     Forty-four  cases, 
t  Dissertation,  Munich,  1889.     Twenty-one  cases. 
%  Annates  de  la  Charite,  vol.  xv,  p.  156. 
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Traction  diverticula  may  rupture  into  the  bronchi  in  the  following 
way:  The  tli\erticuluni  first  breaks  into  the  mediastinum  and  there 
forms  a  decomposing  focus,  which  then  breaks  into  the  air-passages. 
Ziemssen  and  Zenker  describe  such  a  condition  in  "  Oesophagus- 
krankheiten"  in  the  following  classic  fashion:  "The  most  frequent 
occurrence  is  rupture  into  one,  or  perhaps,  as  the  pus  cavity  generally 
lies  just  at  the  point  of  bifurcation,  into  both  bronchi.  We  find,  then, 
on  opening  the  bronclii  in  the  neighborhood  of  the  bifurcation,  the 
walls  pierced  by  one  or  several,  generally  pinhead-sized,  but  also 
larger  openings,  from  which,  on  pressure  in  the  neighborhood  of  the 
bifurcation,  a  blackish,  putrid  fluid  exudes  into  the  lumen  of  the  bron- 
chus; by  means  of  this  ca^dty,  a  fistulous  communication  is 
opened  between  the  esophagus  and  the  bronchus,  which  is  not  always 
easily  found  with  the  sound  on  account  of  the  irregular  shape  of  the 
cavity.  Around  the  opening  of  the  perforation,  and  extending  out- 
ward from  there,  we  find  the  bronchial  mucous  membrane  intensely 
reddened  and  loosened,  and  we  have  nowhere  seen  it  so  finely  granu- 
lated as  in  such  places  (granular  bronchitis).  The  morbid  process  may 
be  confined  to  the  bronchi  without  invading  the  lungs,  and  it  is  not  to 
be  denied  that  there  is  then  a  possibility  of  recovery.  Perforations  of 
the  bronchial  wall  are  often  found  closed  by  scar  tissue ;  but  these  are 
mostly  cases  of  direct  perforation  from  a  softened  mass  of  bronchial 
glands,  -without  communication  with  the  esophagus,  and  it  is  through 
the  latter  that  the  danger  is  very  much  increased.  The  decomposed 
fluid  penetrating  into  the  bronchus  may,  however,  be  further  aspirated 
into  the  lungs,  and  in  the  portion  of  the  lung  corresponding  to  the 
perforated  bronchus  a  fatal  pneumonia  may  develop  in  consequence 
of  contact  with  the  decomposed  fluid.  When  cavities  already  exist 
in  both  hmgs.  ruptured  diverticulum  may  establish  a  fistulous  com- 
munication with  these  ca^•ities,  etc." 
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Such  different  conditions  have  been  at  times  designated  "  asthma," 
and  the  term  is  still  so  frequently  used  in  a  careless  way,  that  we  can- 
not introduce  it  here  without  an  explanation.  The  fact  is  that  we 
mean  by  this  term  a  A'ery  characteristic  chnical  condition  which, 
however,  has  no  definite  pathologic  basis. 

The  lack  of  corresponding  pathologic  findings  is  part  of  the  con- 
ception of  true  asthma.  Its  main  symptoms  are,  however,  dyspneic 
attacks.  How  easy,  therefore,  to  jumble  together  a  lot  of  very  differ- 
ent things !  Nevertheless  we  are  succeeding  more  and  more  in  divid- 
ing them  into  groups,  and  we  can  hope  that  the  confusion  in  this  sub- 
ject will  become  less  and  less,  when  physicians  hold  to  the  well-estab- 
lished fundamental  forms  and  do  not  class  every  case  of  dyspnea  which 
they  do  not  understand  as  asthma.  Numerous  pathologic  conditions 
which  accompany  chseases  of  the  larynx,  of  the  thyroid  gland,  and  of 
the  thymus,  and  which  were  formerly  regarded  as  forms  of  asthma,  are 
now^  excluded.  The  same  is  true  of  all  toxic  conditions  that  simulate 
asthmatic  attacks  in  uremia,  diabetes,  leukemia,  and  Addison's  dis- 
ease. We  can  also  leave  out  of  consideration  the  hysteric  and  neu- 
rasthenic forms,  which  spasmodically  simulate  dj^spnea,  and  we  have 
left  only  two  well-characterized  forms  to  which  we  now  give  the  name 
hronchial  asthma,  also  called  briefly  asthma,  and  cardiac  asthma, 
which,  through  the  investigations  in  the  realm  of  heart  diseases,  has 
been  classed  with  stenocardia  and  nervous  palpitation  among  the 
neuroses  of  the  heart. 

The  definition  of  asthma  is  very  difficult,  especially  as  I  desire  to 
avoid  entering  into  the  hypothetic  assumptions  of  authors  concerning 
the  cause  of  the  cUsease.  The  definition  given  by  Jiirgensen  might 
best  answer  the  purpose,  as  it  simply  mentions  the  main  symptoms  of 
the  disease:  "We  characterize  as  bronchial  asthma  spasmodically 
occurring  conditions  of  dyspnea,  in  which  expiration  is  especially 
labored,  the  number  of  respirations  is  more  frequently  increased  than 
diminished,  sibilant  and  hissing  rales  of  the  fine  vesicular  type  become 
audible,  and  which  are  attended  by  the  production  of  emphysema." 
Still,  I  believe  that  we  ought  not  to  overlook  the  characteristic  sputum. 
The  significance  of  this  has  been  so  positively  established  by  the  works 
of  Leyden  and  Cm-schmann,  that  Fraenkel  *  is  justified  in  enumerating 
suddenly  occurring  hyperemia  of  the  blood-vessels,  swelling  of  the 
mucoiLS  membrane  of  the  finer  bronchioles,  and  the  production  of  a 
specific  secretion  as  the  essential  symptoms  of  the  disease. 

The  syndrome  of  Brissaud:  "Spasm,  dyspnea,  vasomotor  disturb- 
ance," will  be  more  pleasing  to  many.  The  last  causes  the  peculiar 
secretion.     [Thus  far  theories  only  exist  to  explain  the  natm-e  of  this 

*  Eulenburg's  "  Real-Encyklopadie,"  1885. 
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affection.  The  trend  of  opinion  seems  to  be  that  with  the  neurotic 
element,  a  bronchiolitis  fibrinosa  or  bronchiolitis  exudativa  (Cursch- 
mann)  exists. — Ed.].  But  I  should  like  to  see  distention  of  the  lungs 
added  to  these  three  phenomena.  If  we  wish  to  say  anything  in  our 
definition  concerning  the  nature  of  the  disease,  which  would  certainly 
be  justifiable,  since  a  mere  enumeration  of  symptoms  can  never  really 
characterize  a  disease,  we  might  say :  By  asthma  we  understand  a  neu- 
rosis in  the  distribution  of  the  respiratory  nerves,  which  leads  to  attacks 
of  dyspnea,  with  a  peculiar  secretion  and  distention  of  the  lungs. 

Etiology. — In  the  consideration  of  the  causes  of  asthma,  we  dis- 
tinguish the  fundamental  cause  from  the  predisposing  and  determin- 
ing factors.  The  fundamental  cause  is  not  known.  According  to  our 
present  views,  it  is  perhaps  a  pathologic  change  of  the  respiratory 
center,  and  therefore  to  be  sought  in  the  medulla  oblongata.  The 
preeUsposing  causes  are  both  hereditary  and  acquired,  and  hence  we  see 
that  the  ranks  of  asthmatics  are  especially  recruited  from  families  in 
which  gout,  obesity,  epilepsy,  and  migraine  are  prevalent,  and  that 
several  asthmatics  are  found  in  nearly  every  large  family.  The  male 
sex  is  certainly  more  predisposed  than  the  female.  (Is  this  due  to  the 
influence  of  gout?)  The  members  of  certain  professions,  lawyers, 
professors,  and  clergymen,  are  said  to  be  especially  susceptible.  The 
poor  are  said  to  suffer  from  it  less  frequently  than  the  rich.  Of  pre- 
disposing diseases,  which  may  be  acquired  accidentally,  we  have 
chiefly  those  which  affect  the  respiratory  tract:  nasal,  laryngeal, 
tracheal,  and  bronchial  diseases.  But  these  also  differ  greatly  in  im- 
portance. For  the  present  our  chief  attention  will  be  given  to  the 
nasal  affections.  Incidentally,  I  would  call  especial  attention  to  the 
great  danger  involved  in  the  infectious  diseases  which  attack  these 
regions,  at  the  head  of  which  is  whooping-cough,  next  measles,  and 
then  influenza. 

Of  statements  about  cutaneous  or  eczematous  asthma  also  there 
is  no  lack,  the  significance  of  which  See  reduces  as  drastically  as  appro- 
priately to  its  proper  dimensions. 

To  mention  all  possible  weakening  factors,  from  neurasthenia  to 
cold,  would  be  a  useless  multiplication  of  words. 

The  determining  causes  were  first  sought  in  the  climatic  con- 
ditions. Asthma  appears  to  be  especially  frequent  in  England,  the 
south  of  France,  and  North  America.  For  certain  patients,  certain 
places  are  especially  dangerous.  Van  Helmont  suffered  from  an  at- 
tack every  time  that  he  went  to  Brussels.  I  knew  a  patient  who  was 
free  from  the  disease  in  Berlin,  but  was  attacked  in  Schoneberg. 
Winter  is  more  favorable  than  summer,  but  there  are  patients  who 
suffer  most  in  the  winter;  windy  days  are  feared  more  than  calm 
weather.  We  have  the  case  of  a  man  who  always  had  an  attack 
during  the  new  moon,  and  another  who  was  always  attacked  on  Mon- 
day; quite  peculiar  and  quite  personal  factors,  idiosyncrasies,  are  of 
importance.  The  same  thing  is  to  be  noticed  regarding  certain  kinds 
of  dust,  the  odor  of  fresh  hay,  lamp  soot,  powTler  of  ipecac  [feathers. — 
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Ed.],  and  even  the  smell  of  horses  [or  cats. — Ed.];  the  fragrance  of  the 
rose,  of  the  violet,  antl  of  the  mignonette  may  cause  asthmatic  attacks. 
Trousseau  himself  had  an  attack  when  oats  were  being  measured  in 
his  presence.  Besides  the  dust  of  the  oats,  he  ascribes  the  occurrence 
of  the  attack  partly  to  a  sinmltaneous  ps}'chic  irritation,  which  ex- 
isted in  tliis  case  (a  suspicion  of  larceny  was  involved) ;  moreover,  we 
have  to  consider  that  Trousseau  had  formerly  been  asthmatic.  Among 
such  individual  predisposing  causes  we  will  mention  the  following: 
Dust  of  hemp  (odor  in  the  shop  of  a  rope-maker?) ;  dust  from  maize 
straw;  hnseed  meal;  scammonium  powder;  Trousseau  gives  a  large 
number  of  such  idiosyncrasies  among  the  determining  causes.  Bres- 
gen  describes  a  very  carefully  observed  case  of  ha}-asthma,  which 
would  certainly  indicate  that  the  grasses  are  only  determining  factors, 
w'hile  the  precUsposing  factor  is  a  nasal  mucous  membrane  affected 
with  catarrhal  inflammation  and  therefore  easily  irritated. 

Those  cases  have  excited  especial  interest  in  which  the  attack  of 
asthma  could  be  caused  reflexly  by  some  stimulation  of  a  neighboring 
mucous  membrane,  especialh'  that  of  the  nose,  so  that  even  touching 
a  certain  place  might  bring  on  an  attack.  We  are  reminded  b}^  this  of 
the  odors  above  mentioned.  But  more  distant  mucous  membranes 
may  also  be  considered  in  tliis  connection :  that  of  the  stomach  (asthma 
dyspepticum),  that  of  the  ear,  that  of  the  intestine  (asthma  vermino- 
sin7i),  and  of  the  uterus  (asthma  uterinum).  Asthma  gravidarum,  of 
which  very  different  cases  have  been  described,  may  be  especially 
considered  here.  Thus,  Salter  tells  of  a  case  which  began  ^nth  con- 
ception and  lasted  in  monthh'  attacks  until  confinement  in  the  eighth 
month.  Another  patient  had  asthma  as  a  girl  from  her  sixteenth 
year,  but  it  disappeared  on  her  marriage  and  occurred  again  during 
each  pregnancy.  In  a  third  case  the  asthma  became  permanent  in 
the  patient's  thirty-seventh  year,  w^hile  it  had  formerly  occurred  onl}^ 
at  the  time  of  confinement.  In  Groom's  case  asthma  occurred  with 
pregnancy  in  a  woman  who  had  pre^iously  been  healthy;  the  attacks 
increased  rapidly  and  finally  became  so  violent  that  they  produced  an 
abortion.     After  this,  the  asthma  disappeared  again. 

Finally,  there  is  a  large  number  of  cases  in  w^hich  w^e  do  not  gen- 
erally succeed  in  sho^^dng  any  cause.  These  cases  have  been  desig- 
nated "essential  asthma,"  while  the  former  are  kno^vn  as  cases  of 
" sj^mptomatic  asthma."  In  reality,  howeATr,  the  tw^o  are  identical; 
in  the  one  case  "\ve  recognize  the  cause,  which,  acting  on  the  per- 
iphery, affects  the  diseased  center  and  brings  on  the  attack;  in  the 
other  case  we  do  not  recognize  any  such  exciting  cause. 

There  are  certain  points  of  view  that  are  therapeutically  impor- 
tant, in  those  cases  in  which  symptomatic  asthma  can  be  diagnosed. 

The  question  ma}'  arise  whether  there  are  injuries,  which,  affecting 
the  center  directly,  may  bring  on  the  asthmatic  attack.  From  the 
nature  of  things,  this  question  cannot  be  unconditionally  answered 
either  in  the  negative  or  in  the  affirmative.  That  the  cases  wliich  are 
mentioned  as  examples  permit  of  man}^  objections  there  is  no  doubt. 
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Fright  and  anger  are  often  charged  with  the  attack,  when  no  other 
cause  can  be  discovered.  Psychic  trauma  has  already  become  a  doc- 
trine. It  is  as  popular  an  etiology  in  nerA^ous  diseases  as  is  taking  cold 
in  catarrhs,  and  is  always  given  when  words  are  needed  and  knowledge 
is  lacking.     A  trauma  can  always  be  found  nowadays. 

[A.  Fraenkel's*  reports  on  the  causes  of  asthma  are  most  interesting 
and  have  led  to  much  discussion.  With  Curschmann,  he  seems  to 
establish  both  a  neurotic  and  an  inflammatory  element  in  the  etiology. 
He  first  discusses  the  bronchial  muscle-spasm  theory  as  a  cause  of 
asthma.  He  agrees  with  Biermer  that  practically  all  the  signs  and 
symptoms,  including  the  characteristic  form  of  dyspnea,  the  expand- 
ing of  the  lungs,  and  the  low  position  of  the  diaphragm,  can  be  ex- 
plained by  this  theory.  However,  it  cannot  be  asserted  from  the  ex- 
periments on  animals  that  resistance  to  respiration  can  be  caused  by 
bronchial  spasm,  sufficient  to  account  it  the  sole  cause  of  an  asthmatic 
attack  in  man.  This  question  could  only  be  answered  if  there  existed 
a  purely  spastic  form  of  bronchial  asthma.  Fraenkel  has  never  seen 
such  a  case,  and  says  there  is  always  some  change  in  the  bronchial 
mucous  membrane.  From  his  previous  work  and  from  the  autopsies 
on  two  cases  of  bronchial  asthma  he  concludes  that  there  is  always  an 
epithelial  inflammation  of  the  mucous  membrane,  and  that  the  process 
originates  in  the  bronchioles,  in  which  a  remarkably  abundant  epithelial 
desquamation  takes  place.  This  latter  is  sufficient  in  itself  to  account 
for  the  dyspneic  attacks ;  and  the  bronchial  changes  alone  can  account 
for  all  the  signs  and  symptoms  of  the  asthmatic  attack,  except  that  it  is 
impossible,  in  consideration  of  the  fact  that  the  process  in  the  bron- 
chioles takes  a  certain  time  for  its  completion,  to  lay  to  its  accoimt  the 
suddenness  of  the  appearance  of  an  attack,  or  even  the  paroxysmal 
exacerbation  of  a  continuous  dyspnea.  And  so  the  attention  is  turned 
to  the  nervous  system.  Weber  makes  the  nervous  system  respon- 
sible in  that  he  says  that  the  process  in  the  bronchial  mucous  mem- 
brane is  a  vasomotor  turgescence,  and  Fraenkel  finds  this  hard  to 
refute.  From  the  fact  that  asthmatic  attacks  can  follow  emotional  ex- 
citement, or  the  irritation  of  single  peripheral  nerve  regions,  as  the 
olfactory  nerve  and  the  nervus  trigeminus,  or  reflexly  from  irrita- 
tion of  distant  nerve  regions,  as  from  the  uterus,  he  concludes  that  the 
nervous  system  must  play  an  important  role  in  the  pathogenesis  of  the 
disease.  As  a  rule,  the  catarrh,  the  bronchospasm,  and  the  influence 
of  the  nervous  system  work  hand  in  hand.  So  asthma  is  really  a 
neurosis;  indeed,  a  reflex  neurosis.  This  assumes,  of  course,  an  ab- 
normal condition  of  the  nervous  S3^stem,  either  inherited  or  acquired, 
which  either  limits  itself  to  an  increased  irritability  of  the  entire 
mucous  membrane  surface  of  the  respiratory  tract  or  of  certain  cir- 
cumscribed diseased  spots,  or  is  a  part  of  a  general  neurasthenia. — 
Ed.] 

As  the  course  of  the  disease  is  so  different  and  the  etiology  so  mani- 
fold, a  classification  has  been  undertaken  in  order  to  facilitate  the 

*  "  Die  Deutsche  Klinik  am  Eingang  des  20ten  Jahrhunderts,"  4  Lief.,  1901. 
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arrangement  and  grouping  of  the  observations.  Asthma  is  termed, 
according  to  the  region  from  which  the  exciting  cause  emanates,  nasal, 
phar\-ngo-laryngeal,  bronchial;  to  which  are  added  the  dyspeptic,  the 
sexual,  and  the  uterine  forms  of  asthma.  These  names  will  always 
be  used  in  order  to  indicate  briefly  a  pathologic  condition  and  its 
probable  point  of  origin.  This  classihcation  for  the  present  can  have 
value  only  in  so  far  as,  by  the  establishment  of  an  etiologic  factor,  it 
strengthens  us  in  our  prognosis  and  therapeusis;  but  the  same  is  true 
in  all  diseases.  Numerous  cases  always  remain,  in  which  we  are  led 
to  consider  a  form  as  idiopathic  or  neurasthenic  asthma,  since  the 
origin  of  the  reflex  irritation  remains  unknown. 

Briigelmann  distinguishes  a  form  which  he  names  intoxication- 
asthma.  According  to  this  author,  this  form  is  due  to  the  fact  that 
there  is  some  obstruction  to  the  respiration,  the  spasm  being  brought 
on  by  carbonic  acid  intoxication.  It  is  obvious  that  this  form  can  be 
very  easily  included  among  the  nasal,  pharyngeal,  and  bronchial 
forms,  and  that  the  distinction  is  often  quite  artificial. 

Course. — The  chsease  rarely  begins  at  first  in  its  classic  form.  There 
is  a  preliminary  stage  in  which  the  patients  have  other  troubles, 
which,  however,  correspond  in  that  they  all  tend  to  bring  on 
broncliitic  symptoms.  Such  patients  very  readily  get  bronchitis. 
But  otherwise  the  symptoms  of  this  stage  are  those  that  are  peculiar  to 
the  individual  diathesis.  Nervous  symptoms,  tendency  to  eruptions 
of  the  skin  are  mentioned,  but  a  comprehensive  picture  of  this  stage 
has  not  yet  been,  presented. 

Gradually,  how^ever,  the  classic  asthmatic  condition  develops :  the 
characteristic  attack  occurs  at  certain  intervals.  Many  patients  have 
a  certain  premonitory  sensation,  a  kind  of  aura,  which  warns  them  of 
the  approach  of  an  attack ;  thus,  for  example,  a  sensation  of  pressure 
and  constriction  behind  the  sternum,  a  coated  tongue,  a  peculiar  taste, 
and  slight  headache.  However,  the  patient  lies  down  and  goes  to 
sleep,  but  tw^o  or  three  hours  later  he  is  roused  b}^  a  sudden  want  of 
breath.  His  face  becomes  bloated  and  cyanotic.  There  is  a  sense 
of  hea\T  pressure  on  the  chest,  w^hich  seems  to  suffocate  him ;  he  rises 
from  his  bed,  opens  the  window,  in  order  to  have  fresh  air,  draws  it  in 
with  all  the  strength  of  his  respiratory  muscles,  but  gets  no  relief.  He 
sits  down,  he  crouches  down,  he  thrusts  his  face  into  his  hands  and  his 
elbows  on  his  knees.  His  face  becomes  red,  tears  and  saliva  flow,  the 
perspiration  runs  from  his  forehead,  one  can  hear  him  breathe,  there 
is  a  loud  hissing  and  whistling  sound  with  every  breath ;  the  respira- 
tions are  themselves  surprisingly  long,  and  it  is  expiration  that  is  most 
labored.  The  chest  appears  expanded,  and  w^e  can  easily  con^dnce 
ourselves  that  the  edges  of  the  lungs  are  draw^n  further  downw^ard, 
that  the  heart  is  displaced,  and  the  liver  dulness  pushed  down;  evi- 
dently the  whole  diaphragm  is  depressed  and  its  excursions  are  small, 
especially  in  proportion  to  the  efforts  which  the  patient  makes.  The 
auxiliary  muscles  of  respiration  also,  the  scaleni,  sternocleidomastoid, 
and  trapezius  muscles,  stand  out  prominently  and  do  not  rest  even 
15 
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during  expiration.  The  shoulders  are  drawn  up  and  the  elbows  or 
arms  extended  in  order  to  make  use  of  the  pectorals  and  the  serrati 
during  inspiration.  The  recti  are  powerfully  contracted  at  each 
expiration,  but  they  move  little,  and  their  effectiveness  is  extremely 
limited.  On  auscultation,  numerous  dry  rales  are  heard,  most  dis- 
tinctly during  expiration.  In  this  pitiable  condition  the  patient  re- 
mains for  one  or  many  hours,  until  gradually  relief  comes ;  he  begins 
to  cough  and  expectorates  mucus,  at  first  very  little  and  with  great 
difficulty;  the  mucus  is  extraordinarily  tenacious,  but  it  becomes 
more  and  more  abundant  and  frothy,  and  at  length  the  patient  is 
greatly  relieved.  Now  a  considerable  quantity  of  urine  is  often 
passed,  from  which  a  large  amount  of  urates  are  precipitated — and 
the  attack  is  over.  The  patient  falls  into  a  refreshing  sleep  and  the 
next  morning  feels  quite  well.  Only  a  certain  weariness,  an  indolent 
expression  of  countenance,  a  certain  bloated  appearance  of  the  face, 
are  still  to  be  noticed ;  in  many  cases  the  patient  feels  perfectly  well. 

Often,  however,  the  attacks  recur  with  astonishing  punctuality, 
at  the  same  hour,  at  the  same  minute,  for  several,  yes,  for  many  days, 
one  after  the  other,  reminding  one  of  a  masked  intermittent  fever, 
until  finally  the  attacks  become  less  frequent  and  there  is  a  longer 
period  of  well-being  between  the  paroxysms.  Such  groups  of  attacks 
may  often  be  repeated  at  longer  or  shorter  intervals,  until  the  disease 
gradually  passes  into  the  terminal  stage.  Chronic  conditions  then 
develop,  especially  emphysema;  the  breathing  is  slightly  but  per- 
manently labored;  typical  attacks,  however,  become  more  and  more 
rare,  and  finally  lose  their  original  type  entirely — the  patient  has  by 
gradual  degrees  become  emphysematous,  with  occasional  exacerba- 
tions; these  exacerbations  bear  only  a  faint  resemblance  to  true 
asthmatic  attacks;  they  are  just  as  distressing,  but  they  have  no 
longer  the  same  typical  course;  beginning,  duration,  and  ending 
are  quite  indefinite.  Gradually  the  heart  becomes  involved  and  the 
condition  develops  which  is  described  as  the  last  stage  of  emphysema. 

From  this  typical  course  the  disease  shows  man}^  variations,  which 
more  or  less  modify  or  even  completely  mask  it.  Often  the  attacks 
are  not  nocturnal,  but  may  occur  in  the  daytime.  In  the  symptomatic 
form  which  occurs  after  a  definite  injury  (hay-asthma)  the  attacks 
are,  of  course,  diurnal.  The  duration  of  the  attack  also  varies; 
although  this  was  placed  at  two  or  three  hours  in  the  description  of 
the  typical  case,  yet  there  are  milder  cases,  as  well  as  cases  in  which 
the  attacks  drag  along  for  days  and  even  weeks.  And,  strange  to  say, 
there  are  cases  in  which  the  attacks  are  repeated  in  more  and  more 
rapid  succession,  so  that  they  might  be  compared  with  the  status 
epilepticus. 

In  a  certain  number  of  cases  it  happens  that  inspiration  is  much 
more  labored  and  attended  with  much  more  exertion  than  expiration, 
or  that  both  appear  equally  laborious.  In  still  other  cases,  there  is 
no  marked  spasm  of  the  inspiratory  muscles,  and  yet  the  respiration 
is  labored,  and  hissing  rales  are  heard  over  the  whole  chest.     A  spasm 
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of  the  bronchial  muscle  must  be  considered  as  an  important  factor  in 
the  causation  of  tlu'se  cas(>s. 

In  many  cases  that  remarkable  condition  develops  which  is  de- 
scribed as  ictus  laryngeus.  The  patients  lose  consciousness,  fall,  have 
some  epileptiform  mo\-ements,  which,  however,  only  last  a  moment ; 
innnediately  they  rise  again  and  act  as  if  nothing  at  all  had  happened. 
There  is  no  feeling  of  weariness  or  dull  weakness  as  after  epileptic 
attacks.  The  only  danger  that  threatens  the  patient  is  that  he  may 
hurt  himself  in  falling. 

Under  certain  circumstances  it  has  been  observed  that  the  attack 
is  accompanied  by  spasms  of  other  muscles ;  so  there  may  be  a  spasm 
of  the  glottis,  or  even  a  true  epileptic  attack. 

The  catarrh  also  is  very  different  in  different  cases.  It  may  be 
very  abundant  from  the  beginning,  and  the  condition  is  then  described 
as  astkma  humidum;  it  may  continue  during  the  intervals  between 
attacks.  The  catarrh  may  also  so  predominate  that  it  alone  repre- 
sents the  entire  attack.  The  patients  suddenly  have  an  attack  of 
expectoration,  w^hich  lasts  for  some  hours  wdthout  any  dyspnea,  to 
disappear  and  reappear  at  regular  intervals,  after  the  manner  of 
asthmatic  attacks. 

In  man}'-  cases  the  attack  begins  with  a  severe  coryza;  the  patients 
sneeze  constantly  before  the  real  attack  of  asthma  begins.  But  it  may 
not  go  beyond  the  stage  of  coryza,  and  we  then  no  longer  have  bron- 
cMal,  but  nasal  asthma.  This  leads  us  to  the  consideration  of  the 
abortive  forms.  A  patient  of  Trousseau,  who  had  formerly  suffered 
from  asthma,  began  to  have  only  regularly  recurring  attacks  of  sneez- 
ing and  lacrimation.  In  other  cases,  this  famous  clinician  asserts,  he 
has  correctly  predicted  that  the  patient  was  about  to  have  an  attack 
of  asthma  from  the  characteristic  attack  of  sneezing,  coryza,  and 
coughing. 

As  masked  forms  of  asthma,  w^e  may  mention  febrile  attacks,  which 
come  on  suddenly  with  bronchitis  and  disappear  in  a  few  hours;  as 
they  occur  especially  in  children,  they  are  easily  misinterpreted,  and 
we  only  discover  later  that  we  had  to  do  with  the  beginning  of  asthma. 
Another  masked  form  consists  in  attacks  of  apprehension,  which, 
however,  may  as  well  be  classed  with  cardiac  asthma. 

Trousseau  has  given  especial  attention  to  the  asthma  of  children, 
and  w^e  find  in  his  ''Clinique  medicale"  two  very  fine  examples  de- 
scribed. I  myself  have  also  observed  a  case,  which  at  first  appeared 
to  me  to  be  a  case  of  whooping-cough  with  remarkably  sudden  and 
violent  onset,  until,  made  suspicious  by  the  too  brilliant  results  of 
my  treatment,  I  came  to  the  correct  diagnosis. 

I  Avill  here  mention  the  classic  case  of  Trousseau,  because  I  know 
of  nothing  more  instructive :  Father  healthy,  mother  hysterical.  One 
of  the  cliildren  is  attacked  quite  suddenly  by  symptoms  -which  suggest 
bronchopneumonia.  Over  the  chest  are  heard  numerous  crepitant 
rales,  and  there  is  extraordinary  shortness  of  breath.  Flying  blisters 
are  applied  to  the  chest  and  recovery  ensues  in  three  days.     Three 
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months  later  there  is  another  attack;  datura  stramonium  is  burned 
in  the  room,  and  on  the  next  day  the  child  is  well. 

In  old  people,  as  well  as  in  children,  the  asthma  is  generally  masked 
and  shows  the  so-called  catarrhal  type.  We  find  a  chronic  bronchitis 
with  occasional  exacerbations,  with  arteriosclerosis,  changes  in  the 
myocardium,  and  emphysema;  and  it  is  often  a  purely  arbitrary  mat- 
ter whether  we  shall  ascribe  an  asthmatic  character  to  the  affection  or 
not.  If  the  use  of  potassium  iodid  is  beneficial,  we  are  accustomed  to 
consider  that  fact  as  a  sign  of  the  existence  of  an  asthmatic  condition 
as  the  fundamental  cause  of  the  attacks. 

As  a  form  of  symptomatic  asthma,  which  has  often  excited  great 
interest,  I  will  mention  so-called  hay-asthma.  This  is  very  infre- 
quently met  in  Germany  and  France,  but  is  much  more  wide-spread 
in  England,  and  still  more  so  in  America.*  It  consists  of  asthmatic 
attacks,  which  are  very  similar  to  those  already  described,  except  that 
the  odor  of  hay,  and  especially  the  irritation  of  the  air-passages  caused 
by  the  pollen  of  certain  grasses  at  the  time  of  blooming,  is  regarded 
as  the  determining  cause.  The  recognition  of  this  factor  was  certainly 
a  considerable  advance,  but  it  appears  somewhat  narrow  to  ascribe 
the  attacks  to  the  pollen  alone.  For,  while  at  first  the  pollen  of  only 
certain  definite  kinds  of  grass  was  believed  to  be  causative,  it  soon 
had  to  be  recognized  that  hay-asthma  occurred  in  places  where  this 
grass  did  not  grow,  so  that  very  different  kinds  of  grass  had  to  be  ad- 
mitted as  possible  causes.  Finally  cases  enough  were  found,  which 
had  certainly  begun  as  hay-asthma,  but  which  later  occurred  at  any 
time  of  year  and  in  the  most  different  places,  without  the  presence 
of  any  hay.  We  have  thus  the  most  varied  transitional  forms  from 
the  true  hay-asthma  to  our  ordinary  cases.  We  can,  therefore,  con- 
sider the  pollen  of  the  grass  as  a  determining  cause  for  the  production 
of  the  attack,  but  cannot  regard  it  as  the  essential  factor,  as  has  been 
done. 

The  disease  was  first  described  by  Bostock  f  under  the  name  "  Som- 
merkatarrh,"  and  Blakeley  has  studied  carefully  the  pollen  of  the 
grasses,  rye,  barley,  oats,  wheat,  alopecurus,  poa,  and  finds  them 
especially  instrumental  in  bringing  on  the  attacks.  [See  also  Morrill 
Wyman's  monograph  and  Beard's  studies. — Ed.] 

The  investigations  of  Phoebus  established  the  fact  that  in  England 
it  is  generally  the  hay  (Anthoxanthum  odoratuin),  in  Germany  gen- 
erally the  blossom  of  the  rye,  that  brings  on  the  attacks.  In  America, 
Ambrosia  artemisice folia,  which  does  not  occur  at  all  in  Europe,  but 
grows  very  extensively  in  the  United  States  and  blooms  in  August  and 
September,  is  especially  feared. 

See  is  also  of  the  opinion  that  in  hay-fever  we  have  an  asthmatic 
affection  in  which  the  pollen  certainly  acts  as  a  determining  factor, 

*  The  best  collection  of  histories  of  the  disease  in  this  form  we  owe  to  Phoebus, 
"  Der  typische  Friihsommerkatarrh,"  Giessen,  1862. 

t  We  find  the  older  literature  in  Hirsch's  "  Handbuch  der  historisch-geographi- 
schen  Pathologic,"  or  in  Phoebus. 
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but  not  necessarily  the  only  one.  He  knew  a  patient  with  hay-asthma 
who,  after  havino;  suffered  durino;  the  summer  for  twenty  3'ears,  finally 
clevelo])e(l  ])(M'maneiit  dilatation  of  the  right  heart,  and  two  of  whose 
three  daugliters  suffered  from  classic  asthma,  the  attacks  coming  on 
both  in  summer  and  in  winter.  Healthy  people  are  as  little  liable  to 
become  asthmatic  from  the  pollen  of  grass  as  healthy  apothecaries  are 
from  the  powder  of  ipecacuanha. 

We  usually  distinguish  two  groups  of  hay-fever  patients:  The 
catarrhal,  who  suffer  from  coryza,  conjunctivitis,  bronchitis,  supra- 
orbital neuralgia,  and  occasionally  from  true  febrile  movements ;  and 
the  asthrnatic,  who  have  typical  attacks  with  expiratory  dyspnea, 
sibilant  rales,  and  distention  of  the  lungs.  But  there  are  many  tran- 
sitional forms.  Hay-asthma  is  distinguished  from  other  forms  by  the 
fact  that  the  symptoms  of  irritation  and  even  inflammation  of  the 
nasal  mucous  membrane  are  so  constant ;  sneezing,  feeling  of  tickling 
and  prickling,  coryza,  which  in  the  beginning  of  the  attack  is  dry,  but 
is  soon  accompanied  by  an  abundant  secretion,  epistaxis,  dulling  of 
the  sense  of  smell,  and  swollen  appearance  of  the  nose  itself.  Further 
characteristic  features  are  that  the  attack  occurs  at  a  certain  definite 
time  (about  the  first  hot  spell,  end  of  May  or  beginning  of  June),  that 
the  asthmatic  attack  lasts  about  one  to  three  months  and  then  cUsap- 
pears  and  leaves  the  patient  for  the  rest  of  the  year  entirely  free.  In 
many  of  these  patients  a  second  attack  occurs  in  the  latter  part  of  the 
summer.  After  that,  however,  recovery  is  complete,  any  disturbance 
of  it  being  due  to  accidental  complications.  In  man}^  cases  the  attacks 
continue  the  even  tenor  of  their  way  no  matter  where  the  patients 
may  stay,  but  in  the  majority  of  cases  the  attacks  cease,  and  begin 
again  when  the  patients  return  to  a  true  ha^^-fever  region.  But  this  is 
also  true  in  other  forms  of  asthma. 

Closely  allied  to  hay-asthma  are  those  forms  which  are  induced 
reflexly  by  irritation  of  the  nasal  mucous  membrane,  and  which  have 
claimed  so  much  attention  that  we  now  never  treat  an  asthma  patient 
without  first  examining  his  nose.  Hay-asthma  is  certainly  in  many 
cases  a  nasal  asthma.  Different  specialists  in  the  diseases  of  the  nose 
have  reported  brilliant  examples  of  the  curing  of  the  asthma  by  opera- 
tion on  the  nose  (Daly,  Mackenzie,  Roe,  Hack).  In  truth  we  not 
infrequently  find  in  asthmatic  patients  polyps  and  hypertrophy  of  the 
mucous  membranes,  especially  in  certain  places,  as  in  the  anterior 
portions  of  the  lower  turbinate.  This  latter  pathologic  condition,  still 
more  than  polyp,  predisposes  to  asthm'atic  attacks,  which  are  in  every 
respect  like  those  described  above.  In  the  tissue  of  the  polyp,  and 
in  the  hypertrophied  mucosa,  great  numbers  of  eosinopliile  cells  have 
been  found. 

Among  the  numerous  cases  of  nasal  asthma,  we  find  also  single 
cases  in  which  it  is  stated  with  great  definiteness  that  the  attack  has  its 
seat  on  only  one  side  of  the  chest.  Sommerbrodt  describes  two  cases, 
in  which  the  attacks  had  their  seat  on  the  left  side  only,  and  one  in 
which  the  attack,  while  it  had  formerly  occurred  equally  on  both  sides, 
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once,  according  to  the  patient's  statement,  attacked  onlj''  the  left  side. 
Unfortunately  these  cases  were  not  subjected  to  physical  examination. 

After  the  nose  has  been  treated  the  patients  are  wonderfully  re- 
lieved, and  the  attacks  may  remain  absent  for  a  long  time.  But  the 
recovery  is  by  no  means  permanent ;  the  asthma  returns  whether  the 
nasal  affection  does  or  not.  If  the  nasal  affection  recurs,  the  second 
treatment  does  not  usually  have  the  brilliant  results  of  the  first. 
There  are  also  cases  in  which  the  first  operation  is  of  no  advantage,*  a 
fact  which  will  not  surprise  us  much. 

It  is  quite  natural  that  areas,  the  irritation  of  which  has  a  reflex 
influence  on  the  bronchial  system  and  on  the  respiratory  muscles  in 
general,  should  be  found  elsewhere  than  in  the  nose,  and  that  we  should 
have  a  nasopharyngeal,  a  pharyngeal,  a  tonsillar,  and  a  laryngeal 
asthma.  Here  it  is  generally  not  a  polyp,  but  only  a  circumscribed 
swelling  or  granulation  of  the  mucous  membrane  that  is  regarded  as 
the  starting-point  of  the  asthma. f  A  characteristic  case  of  uterine 
asthma  is  also  found  in  Briigelmann's  collection. 

The  younger  the  individual,  the  greater  is  his  chance  of  perfect 
recovery.  The  attacks  become  more  infrequent,  atypical,  and  finally 
disappear.  In  older  people,  especially  in  those  bej^ond  the  forty-fifth 
year,  recovery  is  the  exception.  The  rule  is  rather  a  change  to  emph}'-- 
sema,  chronic  bronchitis,  and  cardiac  asthma.  If  certain  determining 
causes  are  known  and  can  be  avoided,  recovery  is  often  easy  and  cer- 
tain. 

Asthma  may  begin  at  any  age ;  cases  in  the  first  year  of  life  even 
are  not  at  all  rare,  as  Salter  in  his  statistics  reports  not  less  than  11, 
and  60  in  the  first  decade!  It  is  certainly  doubtful  how  reliable  the 
diagnosis  was. 

In  general,  asthma  that  does  not  develop  until  after  the  fortieth 
year  has  a  special  tendency  to  pass  into  the  third  stage.  This 
is  shown  by  the  fact  that  the  patient  no  longer  feels  perfectly  well 
between  the  attacks,  but  always  remains  somewhat  short  of  breath 
and  suffers  from  chronic  bronchitis.  All  the  signs  of  emphysema 
develop.  But  we  must  not  forget  that  an  emphysematous  character 
is  often  found  in  asthmatic  patients,  in  whom  a  true  emphysema  has 
not  yet  developed,  for  the  elasticity  of  the  lung  is  still  retained,  and 
in  the  intervals  between  the  attacks  we  can  easily  recognize  the  perfect 
rise  and  fall  of  the  diaphragm.  This  soon  changes  and  soon  a  certain 
weakness  appears;  the  heart  becomes  dilated  and  a  tendency  to 
swelling  of  the  lower  extremities  becomes  noticeable.  Expectoration 
also  assumes  quite  a  different  character ;  it  is  no  longer  characteristic, 
the  spirals  are  wholly  lacking  or  are  to  be  found  but  rarely ;  the  sputum 
often  becomes  entirely  mucopurulent  or  exclusively  purulent.  In 
many  cases  we  now  find  the  sputum  which  we  have  described  as 
characteristic  of  fibrinous  bronchitis:  long,  dendritic  coagula,  which 

*  Two  observations  of  Gentilhomme  cited  by  Joal.  Fraenkel  has  one  case  among 
a  large  number  of  successful  ones  (not  described  in  detail), 
t  Briigelmann  gives  several  important  case-histories. 
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represent  casts  of  the  bronchial  tubes.  In  many  patients  bronchiec- 
tasis, which  is  pocuHiir  to  enii)liy8CMna  of  the  lungs,  develops  to  an 
extraordinary  degree. 

In  no  small  number  of  patients  bronchial  asthma  gradually  passes 
over  into  cardiac  asthma;  the  enlargement  of  the  heart  to  the  right 
is  complicated  by  tachycardia  and  a  surprisingly  impure,  dull,  weak 
first  sound ;  the  liver  becomes  enlarged  and  the  gastric  function  suf- 
fers ;  dyspnea  is  now  very  severe  at  times,  but  it  is  not  an  expiratory 
or  inspiratory  dyspnea,  merely  an  excessively  rapid  and  superficial 
respiration. 

Symptoms. — (a)  Of  the  Attack: 

The  Sputum. — ^This  is  quite  characteristic  in  the  true  asthmatic 
attack.  The  rule  is  that  expectoration  comes  at  the  end  of  the  attack ; 
it  is  only  exceptionally  that  it  precedes  the  attack,  or  occurs  in  the 
interval  between  the  attacks.  In  the  third  stage,  expectoration  may 
become  chronic,  but  even  at  this  time  it  may  be  lacking  for  longer 


Fig.  8. — Perfectly  formed  spiral,  with  distLnet  central  thread. 

periods  of  time.  True  asthmatic  sputimi  is  grayish-white,  never 
yellow,  and  formed  of  thick,  tenacious  mucus,  capped  by  a  fine  foam. 
It  may  be  quite  abundant,  100  c.c.  and  more,  but  there  are  cases  with 
very, scanty  expectoration,  and  occasionally  moist  and  dry  asthma 
have  been  cUstinguished.  Long  ago,  before  the  microscope  was  used 
in  studying  the  sputum,  tough,  fibrillar  masses  had  been  observed, 
w^hich  were  regarded  as  casts  of  the  bronchi  (Lefevre) ;  but  besides  these 
larger  ones,  there  are  also  finer  plugs,  which  can  be  better  recognized 
with  a  pocket  lens;  when  compressed  between  two  glass  slides,  they 
are  found  to  be  elastic.  With  a  somewhat  higher  magnification,  the 
peculiar  spiral  arrangement  of  these  plugs  is  recognized.  With  a 
magnification  of  more  than  200  diameters,  we  find  cells,  and  often  crys- 
tals, which  are  known  as  Leyden's  crystals.  The  spirals  consist 
usually  of  a  central  thread,  which  is  solid  (although  it  may  show 
vacuoles  in  certain  places),  around  which  the  mucous  masses  are 
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arranged  in  a  very  graceful,  spiral  fashion.  The  pictures  vary  greatly. 
At  times  the  central  thread  is  very  perfectly  formed;  at  other  times 
it  is  indistinct  and  only  suggested  or  quite  unrecognizable.  The 
spirals  around  it  may  be  isolated  and  irregular,  but  the  most  beautiful 


Fig.  9. — Rudimentary  forms  of  spirals  without  central  threads. 

spiral  bundles  in  the  most  regular  arrangement  may  also  be  seen. 
The  central  thread  may  also  appear  naked  (without  the  spiral)  and 
very  perfectly  developed.  It  is  itself  then  disposed  in  a  spiral.  At 
its  extremity,  it  occasionally  runs  into  very  fine  threads  and  also  sends 
out  slender  lateral  processes  into  the  surrounding  mass.     According  to 


f 
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Fig.  10. — A,  Free  central  thread,  perfectly  developed;  B,  rudimentary  central  thread. 

Schmidt's  description,  it  can  no  longer  be  doubted  that  it  consists  of 
mucus.  The  central  thread  is  therefore  not  essentially  different  from 
the  surrounding  spiral;  it  is  that  part  which  first  forms  in  the 
finest  bronchi  and  attains  relatively  the  greatest  firmness.    This  fact  is 
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indicated  by  tlio  so-callod  transitional  forms  of  Schmidt.  Hans  Ruge 
has  <2:ono  still  further  in  the  art  of  staining  the  spirals.  He  asserts,  and 
emi)hasizes  the  assertion,  that  they  consist  of  mucus,  and  that  the 
central  thread  is  a  greatly  thickened  and  twisted  thread  of  mucus. 

The  in\-estigation  of  a  \'ery  favorable  case  by  Schmidt  showed  that 
the  epithelium  of  the  smaller  bronchi  was  well  preserved  and  that  the 
lumen  was  filled  with  a  mass  of  mucus.  The  winding  of  this  mass 
could  be  \QYy  nicely  followed ;  it  was  foimd  to  be  smallest  in  the  finest 
bronchioles,  and  became  thicker  and  thicker,  as  the  larger  bronchi 
were  approached.  In  the  medium-sized  bronchi,  where  cartilage 
plates  begin  to  be  found,  there  were  seen  in  a  cross-section  several 
such  winding  figures,  formed  by  the  union  of  several  smaller  bronchi. 
As  typical  central  threads  are  found  in  small  bronchi,  where  there  are 
no  glands,  the  threads  carmot  be  regarded  as  a  secretion  of  the  bron- 
chial glands. 

The  spirals  which  contain  air  are  an  interesting  form;  they  are 
tubes  with  a  mere  suggestion  of  a  spiral  arrangement,  or  not  even  a 
suggestion,  which  end  in  true  spirals  containing  no  air.*  If  the  air- 
containing  portions  alternate  with  those  which  do  not  contain  air,  very 
peculiar  figures  result.  Occasionally  such  an  air-bubble  can,  b}'  press- 
ing on  the  cover-glass,  be  made  to  move  to  and  fro  in  the  interior  of  the 
spiral;  but  the  movements  are  shght,  and  we  are  not  justified  in  as- 
suming that  there  is  a  preformed  canal  within  the  spiral. 

The  production  of  such  remarkable  forms  as  these  spirals  necessi- 
tates a  special  secretion  of  the  finest  bronchi  and  a  revohdng  force 
acting  upon  it.  The  peculiarity  of  the  secretion  consists  in  its  tenacity 
and,  chemically,  in  its  tendency  to  deposit  'asthma  crystals.  The 
catarrh,  which  produces  this  secretion,  is  correctly  spoken  of  as  a 
special  form,  and  Curschmann  has  given  it  the  name  bronchiolitis  ex- 
sudativa,  as  he  himself  says,  in  order  to  have  a  neutral  designation. 
I  must  confess  that  to  me  this  designation  appears  almost  too  neutral. 
I  share  Curschmann 's  view  perfectly,  that  we  have  here  an  exudative 
process  which  can  be  considered  neither  as  a  simple  catarrh  nor  as  a 
fibrinous  bronchitis.  I  even  go  so  far  as  to  consider  the  process  quite 
specific,  and  without  hesitation  use  the  designation  "asthma-catarrh." 

Attention  has  recently  been  called  by  ophthalmologists  to  struc- 
tures found  in  different  types  of  keratitis,  which  are  quite  similar  to 
these  spirals.  This  similarity  has  even  been  called  striking. f  So  far 
as  I  can  gather  from  the  aforesaid  literature,  these  are  fibers  of  mucus, 
w^hich  are  rolled  up  by  the  motion  of  the  lids  on  the  concave  surface  of 
the  cornea,  and  thus  gain  an  appearance  that  approaches  that  of  the 
spirals.  I  do  not  venture  to  decide  w'hether  there  is  not  a  considerable 
difference.     For  instance,  the  ophthalmologists  describe  and  sketch  in 

*  Curschmann  has  described  these.  I  myself  have  never  observed  any  of  this 
form. 

t  Leber,  "  Fadchenkeratitis,"  XTV.  Versammlung  der  ophthalmologischen 
Gesellschaft  zu  Heidelberg,  1882.  Uhthoff,  Grdfe's  Archiv,  Bd.  xxix,  3,  S.  181. 
Fischer,  Grafe's  Archiv,  Bd.  xxxv,  3,  S.  202,  1889.  Czermak,  Zehender's  klin.  Mo- 
natsblatt,  Bd.  xxix,  S.  56,  1891. 
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their  forms  homogeneous,  brightly  granular  deposits  which  are  not 
known  to  me  in  the  asthma  spirals.  On  the  other  hand,  no  ophthal- 
mologist mentions  asthma  crystals  or  eosinophile  cells.  I  therefore 
believe  provisionally  that  the  similarity  between  the  asthma  spirals 
and  the  keratitis  threads  is  entirely  superficial.  In  both  cases,  how- 
ever, a  tough  mass  of  mucus  acquires  by  a  rolling  movement  a  peculiar 
appearance,  which  is  characteristic,  and  so  the  comparison  of  the  two 
forms  may  be  interesting. 

A  great  deal  of  ingenuity  has  been  used  in  explaining  the  spiral 
winding.  All  authors  agree  that  the  peculiar  tenacity  of  the  sputum 
is  a  fundamental  condition  of  their  production,  for  even  if  a  revolving 
force  should  produce  such  crystals  in  another  medium,  they  would  not 
hold  together,  but  would  always  fall  apart.  But  the  most  different 
ideas  have  been  expressed  in  regard  to  what  this  revolving  force  is. 
[It  is  suggested  by  Osier  that  the  currents  of  air  produced  by  the  cili- 
ated epithelium  may  be  rotary.  This  movement,  with  the  combined 
action  of  the  spasm  of  the  bronchial  muscles,  may  give  a  spiral  form  to 
the  mucus. — Ed.]  I  am  forced  to  assume  that  the  terminal  branches 
of  the  whole  bronchial  tree  end  in  spirals.  For  when  we  consider  that 
at  each  inspiration  the  lungs  are  distended,  and  that  the  bronchi  must 
follow  this  distention,  can  it  be  imagined  that  long,  straight  tubes 
should  be  distended  longitudinally?  It  is  much  more  probable  that 
they  resemble  corkscrews,  and  it  is  thus  readily  explained  how  the 
bronchi  can  follow  the  distention  of  the  lungs.  A  very  beautiful 
metallic  cast  of  the  bronchial  tree,  which  I  saw  at  the  Leipzig  Patho- 
logic Institute,  shows  this  corkscrew-like  course  of  the  larger  branches 
of  the  bronchi  and  suggests  the  assum.ption  that  the  finest  branches 
have  a  similar  course.  If,  now,  a  very  tenacious  mass  is  crowded 
through  a  spiral  tube  of  this  kind,  it  must  necessarily  assume  a  spiral 
shape.  The  anatomic  conditions  and  the  tenacity  of  the  mucus  thus 
cause  the  formation  of  the  spirals.  It  is  now  understood  also  how  the 
fibrinous  casts  which  originate  in  the  fine  bronchi  occasionally  show 
a  spiral  arrangement. 

If  one  has  by  chance  at  his  disposal  a  very  tough  sputum,  he  can 
easily  convince  himself  that  by  revolving  a  thread  of  mucus  a  charac- 
teristic spiral  with  beautiful  central  thread  can  be  made,  as  Sanger, 
Gerlach,  and  Lenhartz  have  stated,  and  as  I  have  often  seen  myself. 
We  cannot,  of  course,  match  the  perfect  beauty  of  nature's  handiwork, 
but  the  mechanism  becomes  quite  clear,  even  to  the  formation  of  the 
central  thread,  which  cannot  be  regarded  as  anything  essentially  dif- 
ferent ;  it  is  only  the  most  strongly  twisted  portion  of  the  mucofibrillar 
mass.  Fibrinous  coagula  may  also  occur  in  asthmatic  sputum,  as  we 
could  unquestionably  show  by  the  proper  use  of  the  Weigert  and  tri- 
acid  stains. 

[Fraenkel  *  recently  investigated  the  subject  and  concludes  that 
Curschmann's  spirals  are  composed  almost  entirely  of  mucus,  as  has 
been  discovered  by  the  use  of  a  modification  of  the  Biondi-Heidenhain 

*  "  Die  Deutsche  Klinik  am  Eingang  des  20ten  Jahrhunderts,"  4  Lief.,  1801. 
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stain.  The  spirals  are  formed  in  the  smaller  bronchioles — of  a  lumen 
of  0.15  to  0.03  mm.  The  ciliated  cylindric  cells  of  the  epithelial 
exudate  become  considerabl}'  increased  in  size,  and  a  few  of  these 
are  very  nuich  longer  than  the  corresponding  (elements  of  the  normal 
mucous  membrane  exudate.  These  elongated  cells  secrete  tena- 
cious mucus,  which  remains  in  contact  with  the  cells;  three  or 
four  of  these  become  partially  free,  and  lie  together  in  the  lumen  of 
the  bronchiole.  They  become  spindle-shaped,  and  a  lash-like  process 
from  the  end  toward  the  bronchial  wall  is  inserted  between  the  normal 
cells.  This  process  is  all  caused  by  the  production  of  a  large  amount 
of  very  tenacious  mucus,  which  clings  to  the  cell  for  a  long  time,  and  by 
the  to-and-fro  current  of  air  caused  b}''  respiration.  The  stream  of  air 
so  acts  on  these  cells  that  they  are  drawn  out  of  their  positions  and 
made  into  the  described  elongated  threads.  Gradually  in  this  way, 
and  by  a  rotation  on  the  long  axis,  from  the  mucus  and  the  cell-thread 
the  Curschmann  spirals  are  formed. — Ed.] 

In  the  mucus  of  the  spiral  fiber  are  found  cells,  among  which  eosino- 
phile  cells  can  be  demonstrated  in  large  numbers  by  the  emplo3^ment 
of  appropriate  stains.  [The  origin  of  the  eosinophiles  has  been  the  sub- 
ject of  considerable  inquiry,  as  well  as  their  diagnostic  significance  in 
sputum.  Schmidt's  *  attention  was  called  to  the  fact  that  not  only 
the  sputum,  but  also  the  nasal  secretion,  which  was  profuse  after  an 
asthmatic  attack,  contained  very  many  eosinophilic  leucocytes.  He 
then  investigated  the  mucous  membrane  of  the  nose,  and  found  it 
infiltrated  with  innumerable  leucocytes,  a  great  number  of  which  con- 
tained eosinophil  granules.  The  mucous  membrane  in  cases  other 
than  those  of  bronchial  asthma  rarely  contained  any  eosinophiles.  Von 
Leyden  (I.  c),  though  he  agrees  mth  the  other  investigators  in  regard 
to  the  increase  of  eosinophiles  in  the  blood  as  well  as  in  the  sputum  of 
asthma  cases,  suggests  that  their  origin  in  those  cases  may  be  a  local 
one  in  the  nasal  and  bronchial  mucous  membrane,  and  not  in  the  spleen 
and  bone-marrow,  where  these  cells  are  thought  to  be  usually  formed. 
He  also  points  out  the  intimate  relation  between  the  occurrence  of 
Charcot-Leyden  crystals  and  eosinophiles,  and  attributes  it  to  the 
fact  that  a  lymph  exudate  takes  place  into  the  alveoli,  and  that  in  a 
peculiar  way  the  formation  of  eosinopliilic  cells  and  Charcot-Leyden 
crystals  is  here  brought  about.  A.  Fraenkel  f  believes  that  the 
eosinophiles,  which  are  mostly  mononuclear,  come  from  the  blood,  as 
similar  cells  were  observed  in  the  small  vessels  in  the  neighborhood  of 
the  bronchi.  Such  cells  were  also  seen  to  be  apparently  making  their 
way  between  the  epithelial  cells  of  the  bronchi.  While  Mandybeer 
(I.  c.)  grants  the  probable  origin  of  some  of  the  esoinophiles  in  the 
glands  of  the  bronchial  and  nasal  mucous  membrane,  be  believes,  ^^dth 
Neusser,  that  some  of  them  are  derived  from  blood,  as  there  is  an  in- 
crease in  eosinophiles  in  the  blood  during  and  after  an  attack.    Accord- 

*  "Zur  Kenntndss  cles  Asthma  bronchiale,"  Centralblatt  fiir  klin.  Med.,  No.  25, 
1891,  p.  473. 

t  Deutsche  vied.  Wochenschrift,  April  26,  1900. 
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ing  to  Neusser  (quoted  by  Mandybeer,  I.  c.)  the  sympathetic  system 
governs  the  output  of  eosinophiles,  and  their  increase  is  brought  about 
by  irritation  of  the  peripheral  nerve-ends  in  the  bronchial  mucous 
membrane,  causing  an  irritation  in  the  end  apparatus  in  the  bone- 
marrow  and  the  other  places  of  origin  of  the  eosinophiles.  All  agree 
that  eosinophilic  sputum  is  not  pathognomonic  of  bronchial  asthma, 
but,  as  von  Leyden  says,  on  account  of  the  frequent  and  constant 
association  of  eosinophilic  sputum  with  bronchial  asthma  its  presence 
has  some  intimate  relation  with  this  form  of  disease. — Ed.]  Schmidt 
was  able  to  show  mast-cells  also  in  the  sputum  of  asthmatic  patients. 
But  they  were  always  present  in  small  numbers. 

In  a  certain  relation  to  the  eosinophile  cells  is  the  occurrence  of 
crystals,  which  were  long  ago  discovered  by  Leyden  and  the  nature  of 
which  is  still  doubtful.  They  have  hitherto  been  identified  with 
spermin  crystals,  but  Cohn  brings  convincing  proof  against  this  view. 
They  are  very  distinctly  characterized  by  their  rhombic  form,  but 
they  are  not  so  very  easily  recognized,  as  they  are  not  strongly  refrac- 
tive. The  cross-section  is  hexagonal,  as  first  shown  by  Koch  and 
verified  by  Cohn.  Leyden  finds  that  there  is  a  very  close  relation 
between  the  occurrence  of  the  crystals  and  the  occurrence  of  eosino- 
phile cells;  he  even  believes  that  the  crystals  originate  at  the  cost  of 
the  Ehrlich  cells.*  Von  Noorden  observed  that  these  crystals  in- 
crease greatly  in  number  after  exposure  to  the  air. 

The  crystals  are  found  in  irregular  groups,  which  are  distinguished 
by  their  greenish-yellow  color  and  greater  density  from  other  flocculent 
admixtures  in  the  transparent  ground-substance.  These  groups  are  not 
infrequently  massed  together  into  regular  plugs,  which  may  even  form 
thread-like  rolls.  They  are  with  difficulty  pressed  out  under  the 
cover-glass  into  a  dry,  friable  mass  with  a  faint  luster,  and  appear  as 
a  closely  crowded  layer  of  brownish,  granular,  decomposed  cells,  be- 
tween which  the  crystals  in  question  are  scattered  in  greater  or  less 
abundance.  The  cells  themselves  show  in  their  interior  partly  a 
myelin-like  degeneration,  and  partly  larger  or  smaller  masses  of 
black,  granular  pigment ;  they  remind  us  of  alveolar  epithelium,  but 
have  a  peculiar  yellowish -brown  faint  luster.  As  the  spirals  are  the 
favorite  place  for  the  crystals  to  congregate,  the  former  may  show  even 
macroscopically  a  yellow  or  even  yellowish-green  color.  If  the  crys- 
tals are  found  massed  together  here  and  there  in  the  spiral,  then  the 
latter  appear  grayish-white  with  yellow  spots.  The  plugs  and  masses 
described  may  undoubtedly  be  regarded  as  rudimentary  spirals. 
After  a  diligent  search,  we  may  find  distinct  transitional  forms,  as 
described  by  Curschmann.  The  crystals  themselves  are  perfectly 
colorless,  easily  broken,  and  therefore  fall  to  pieces  on  pressure.  They 
may  vary  much  in  size;  we  cannot  generally  find  them  with  a  low 
magnification,  but  should  use  a  power  that  magnifies  at  least  180  to 
200  times.  Even  then  the  search  may  be  in  vain,  and  at  last  we  may 
succeed  in  getting  a  positive  result  with  an  immersion  lens.     The 

*  Deutsche  med.  Wochenschr.,  1891,  p.  1085- 
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crystals  arc  usually  somewhat  larger  wlicii  the  attack  has  lasted  for 
some  time,  say  two  or  three  days;  then  we  also  find  crystals  which  arc 
in  a  defective  condition.  By  keeping  th(!  asthma  sputum  in  a  moist 
chamber,  we  may  occasionall}^  succeed  in  separating  out  crystals 
where  there  were  none  before.  So  there  must  be  a  substance  in  the 
sputum  which  is  not  always  expectorated  in  the  form  of  crystals.  We 
find  a  similar  beha\'ior  on  the  part  of  tyrosin  in  purulent  sputum.  Our 
crystals  certainly  do  not  consist  of  tyrosin.  As  long  as  they  were 
considered  identical  with  spermin  crystals,  they  could  be  regarded  as 
crystals  of  the  so-called  Schreiner's  base;  but  as  we  are  now  convinced 
that  they  appear  quite  different,  we  shall  have  to  reject  this  view  also. 
Until  further  investigation,  therefore,  we  must  declare  the  chemical 
nature  of  these  crystals  to  be  unknown. 

[Lewy  takes  up  the  question  whether  the  Charcot-Leyden  crystals 
are  identical  with  the  Bottcher  spermin  crystals  or  not.  In  an  histori- 
cal note  he  traces  the  investigations  in  regard  to  the  two  crystals  and 
details  the  various  opinions,  which  up  to  1891  agreed  upon  their  iden- 
tity. The  author  found  that  the  spermin  crystals  in  general  have  not 
sharp  angles,  but  that  they  are  slightly  convex  or  S-shaped ;  and  that 
these  crystals  may  appear  as  octahedrons,  double  pyramids,  or  prisms. 
The  Charcot-Leyden  crystals  are  rhomboidal,  or  in  the  form  of  double 
pyramids, — which  heretofore  have  been  regarded  as  octahedrons, — 
and  hardly  ever  are  found  as  prisms.  Charcot-Leyden  crystals  are 
usually  quite  small,  about  20  to  30  //,  and  exceptionally  as  long  as 
100  fji ;  the  spermin  cr3'stals  are  decidedly  larger,  often  as  long  as  900  /j. 
and  more,  and  are  \dsible  to  the  naked  eye  as  fine-  shining  needles. 
After  corisiderable  study  of  the  crystal  form,  the  writer  concludes  that 
the  spermin  crystals  are  monoclinic  prisms  or  a  combination  of  mono- 
clinic  prisms  and  pyramids;  while  the  Charcot-Leyden  crystals  are 
hexagonal  double-pyramids,  double  cones,  or  spindles.  In  regard  to 
their  behavior  in  polarized  light,  the  Charcot-Leyden  crystals  are 
found  to  be  optically  uniaxial,  the  Bottcher  crystals  biaxial.  There 
are  also  slight  differences  in  their  chemical  reactions,  and  LeAvy  con- 
siders the  difference  in  their  behavior  toward  an  iodin-potassium- 
iodid  solution  an  important  aid  in  the  establishment  of  the  non-iden- 
tity of  these  crystals.  The  almost  constant  coincidence  of  eosinophilic 
cells  with  Charcot-Leyden  crystals,  and  the  fact  that  these  cells  are 
rarely  found  with  spermin  crystals,  have  some  bearing  on  the  argu- 
ment that  these  crystals  have  nothing  to  do  with  each  other.  Lewy 
concludes  from  all  of  these  facts  that  the  Charcot-Leyden  crystals  are 
not  identical  with  spermin  crystals. — Ed.] 

The  importance  of  Ley  den's  crystals  has  been  many  times  attacked 
and  belittled,  but  careful  investigations  show  that  they  are  found 
practically  constantly  in  asthmatic  sputum.  Leyden  himself  found 
them  six  times  in  seven  cases,  and  the  last  case  could  not  be  thoroughly 
investigated.  Curschmann  failed  to  find  them  only  four  times  in  38 
cases.  Ungar  investigated  23  cases,  all  with  positive  results;  Schleuss- 
ner  investigated  9  cases,  of  which  8  were  positive.     In  looking  for 
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these  crystals  it  must  always  be  borne  in  mind :  (1)  That  they  are  very 
small,  so  that  we  must  even  look  for  them  with  the  immersion  lens; 
(2)  that  the  crystals  are  often  not  found  in  fresh  sputum,  while  they 
are  easily  found  in  sputum  that  is  partially  dried  (hence  they  separate 
out  on  standing). 

Besides  these  crystals,  Ungar  found  also  calcium  oxalate.  As  to 
cells,  Noorden  has  several  times,  although  not  constantly,  found  some 
containing  yellow  and  brown  pigment,  which  on  the  addition  of  hydro- 
chloric acid  and  potassium  ferrocyanid  became  blue  (hemosiderin 
cells).  Part  of  these  pigment  cells  show  the  eosinophile  granules,  but 
the  great  mass  of  the  eosinophile  cells  present  in  the  sputum  were  free 
from  pigment ;  another  part  contained  neutrophile  granules,  and  were 
therefore  declared  to  be  altered  white  blood-cells ;  while  the  third  part, 
about  the  half  of  all,  showed  no  granulation,  and  were  regarded  as 
epithelial  cells.  Usually  the  pigment  cells  stood  in  no  relation  to  the 
spirals,  but  occasionally  they  took  an  important  part  in  the  formation 
of  the  spirals.*  Traces  of  blood  are  not  rare  in  the  sputum  of  asthma- 
tic patients,  and  therefore  the  occurrence  of  hemosiderin  cells  can 
easily  be  explained. 

Many  times  the  mucous  secretion  is  not  limited  to  the  bronchial 
mucous  membrane,  the  mucous  membrane  of  the  larynx  and  pharynx 
and  the  mucous  and  lacrimal  glands  secreting  more  abundantly. 

The  classic  time  of  the  attack  is  just  before  midnight  (as  in  gout),  yet 
it  is  occasionally  observed  at  other  times  (examples  are  given  by  Trous- 
seau). During  the  subsequent  course  the  attacks  may,  of  course, 
become  more  infrequent,  or  they  may  increase  up  to  several  attacks 
in  a  day. 

The  time  of  year  also  at  which  the  paroxysms  occur  is  in  many  cases 
remarkably  definite.  True  hay-asthma  is  most  remarkable  in  this 
respect,  occurring  every  year  at  the  beginning  of  the  summer  heat 
(the  end  of  May,  or  the  beginning  of  June  in  Germany). 

Attitude. — ^The  patients  rarely  remain  quietly  in  bed;  Bamberger's 
patient  did  so  f ;  they  often  sit  with  their  heads  bowed  and  supported 
on  their  hands,  or  they  can  endure  the  attack  only  in  the  standing 
position.  However,  they  always  avoid  the  more  violent  movements, 
as  if  they  knew  how  much  the  production  of  carbonic  acid  was  in- 
creased by  such  movements. 

Respiration. — ^The  respiration  is  dyspneic,  but  the  number  of 
respirations  is  not  increased;  on  the  contrary,  it  is  often  diminished 
on  account  of  the  marked  lengthening  of  the  expiration.  Inspi- 
ration is  relatively  short,  but  deep  and  strong;  the  upper  part  of 
the  thorax  is  vigorously  raised,  often  more  vigorously  than  in  normal 
breathing,  while  the  lower  portion  of  the  thorax  arches  forward  but 
little  and,  in  the  highest  grade  of  the  asthmatic  attack,  sinks  back 
somewhat  toward  the  spinal  column.  J     At  the  same  time,  the  upward 

*  Excellent  illustrations  are  found  in  Noorden,  I.  c. 
t  Wurzhurger  med.  Zeitschr.,  vol.  vi,  Nos.  1  and  2. 
t  Riegel  in  Ziemssen's  "Handbuch,"  vol.  iv,  p.  328.     On  the  other  hand,  in 
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iiiovomont  of  the  thorax  is  increased.  The  inspiratory  muscles  con- 
tract \-ig()roii.sly.  Banil:)orp;or  sa>'s  that  inspiration  shows  nothing 
tlilforont  from  ortlinary,  strong,  somewhat  labored  inspiration.  But 
it  is  very  ineffectual;  in  his  own  case  the  increase  in  the  girth  of  the 
thorax,  with  the  tape  under  the  axillary  space,  was  only  1.5  to  2.5  cm., 
while  at  the  xiphoid  process  it  was  only  1  to  1.5  cm.  Expiration  lasts 
two,  three,  or  four  times  as  long  as  inspiration;  all  the  auxiHary  ex- 
piratory muscles  are  convulsively  contracted,  the  abdominal  mascles 
so  much  so  that  they  appear  like  boards,  and  the  urine  and  feces  may  be 
expressed  involuntarily  by  these  convulsive  muscular  contractions. 
No  respiratory  pause  can  be  observed,  the  distinctly  visible  expiratory 
movement  beginning  as  soon  as  the  inspirator}^  movement  ceases. 

Tracheoscopy  shows  a  reddening  of  the  trachea. 

Percussion. — Signs  of  distention  of  the  lungs,  downward  displace- 
ment of  the  liver,  indistinctness  of  the  heart  dulness,  downward  dis- 
placement of  the  heart,  slight  displacement  of  the  borders  of  the  lungs 
during  inspiration  and  expiration,  change  in  the  percussion  note 
(Schachtelton,  "box-tone,"  Biermer*).  These  conditions  gradually 
return  to  the  normal  after  the  attack.  The  chsplacement  of  the  lungs 
can  be  well  demonstrated  after  the  paroxysm,  if  there  are  no  compli- 
cations. 

Auscultation. — Vesicular  breathing  is  lacking,  being  weakened  or 
concealed  by  rales.  The  respiration  is  accompanied  by  peculiar  sibi- 
lant noises,  which  become  especially  intense  during  the  greatly  pro- 
longed expiration.  Toward  the  end  of  the  parox3'sm  the  rales  usually 
become  moist. 

Cough  does  not  belong  to  the  attack,  and  is  to  be  observed  only 
occasionally  with  the  predominance  of  catarrhal  conditions.  More 
frequently  it  happens  that  it  joins  itself  to  the  catarrhal  secretion 
which  accompanies  the  end  of  the  attack. 

Coryza  is  especially  observed  in  the  nasal  form  of  asthma,  and 
either  introduces  the  paroxysm,  terminates  it,  or  it  may  simpl}^  take 
the  place  of  asthma;  in  other  words,  it  may  represent  a  masked 
asthma.  With  violent  sneezing,  the  mucous  membrane  suddenly  be- 
comes swollen  and  reddened,  and  a  large  amount  of  serous,  fluid  transu- 
date that  does  not  form  threads  is  discharged.  Fraenkel  saw  three 
teacupfuls  discharged  in  a  short  time.  The  whole  course  is  repre- 
sented as  a  vasomotor  neurosis. 

Fever  is  not  usually  a  part  of  the  asthmatic  attack;  however,  there 
are  cases  in  which  the  temperature  suddenly  rises  to  a  considerable 
height  with  the  attack ;  this  is  observed  especially  in  children.  Such 
forms  of  febrile  asthma  usually  pass  in  time  into  the  simple  form  of 
asthma.     In  hay-asthma  febrile  disturbances  appear  to  be  frequent, 

Bamberger's  case  measurements  of  the  periphery  of  the  thorax  give  the  result  that 
during  the  attack  the  circumference  at  the  level  of  the  ensiform  cartilage  is  greater, 
and  that  at  the  level  of  the  axilla  is  less,  than  between  paroxysms. 

*  Sammlung  klin.  Vortrcige,  Xo.  12,  1870.  This  term  is,  as  a  rule,  used  so  arbi- 
trarily, and  the  impression  is  so  entirely  a  subjective  one,  that  I  reject  it  for  the 
present. 
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as  may  be  assumed  from  the  name  "  hay-fever, "  and  Phoebus  mentions 
all  kinds  of  febrile  symptoms  (chill,  chilly  feeling,  dry  skin,  febrile 
sweat,  feverish,  considerably  accelerated  pulse).  But  I  cannot  find  in 
the  literature  any  authentic  observation  of  the  temperature.  As  a 
rule,  on  the  other  hand,  a  surprisingly  low  temperature  is  observed 
during  the  attack.  The  peripheral  portions  of  the  body  generally 
appear  cool  and  to  a  greater  or  less  degree  cyanotic. 

The  action  of  the  heart  is  accelerated  during  the  attack,  the  pulse 
being  often  120  or  more. 

In  Bamberger's  patients  the  action  of  the  heart  was  strengthened 
and  the  impulse  was  felt  over  a  greater  area.  The  pulse-rate  was 
lessened  (from  92  to  60).  During  the  paroxysm  the  pulse  becomes 
smaller,  and  often  disappears  entirely  at  the  height  of  the  attack. 

In  general,  we  find  the  pulse  remarkably  small  during  the  attack ; 
this  is  explained  by  the  obstruction  to  the  circulation  in  the  lungs, 
which  undoubtedly  accompanies  the  hindrance  to  the  respiration. 

Consciousness  may  in  rare  cases  be  lost  during  the  paroxysm.  When 
this  is  the  case,  indications  of  opisthotonic  and  tetanic  convulsions  are 
sometimes  observed.  Such  cases  form  transitional  stages  to  true 
epilepsy,  the  relation  of  which  to  asthma  is  shown  in  their  common 
hereditary  character.     Ictus  laryngeus  has  already  been  mentioned. 

Headache  and  severe  neuralgias  in  different  regions  of  the  trigem- 
inus, especially  of  the  supraorbital  nerve,  are  mentioned  in  all  forms, 
but  especially  in  so-called  hay-asthma.  In  this  connection,  dizziness 
and  roaring  in  the  ears  are  also  mentioned.  Rheumatic  pains  may  be 
present  in  various  regions  of  the  body. 

Urine. — During  the  attack  large  quantities  of  urates  are  frequently 
precipitated  from  the  urine. 

Skin. — At  times  there  is  severe  itching  and  a  wide-spread  eruption 
of  urticaria  (Phoebus,  p.  31).  It  is  also  stated  that  the  attack  may  be 
replaced  by  an  urticarial  eruption  (p.  57). 

The  features  are  bloated,  especially  the  nose  in  hay-asthma;  this 
member,  as  well  as  other  portions  of  the  face,  frequently  itches  severely. 

(6)  In  the  intervals  between  the  attacks: 

Bronchitis.  A  feeling  of  pressure  and  constriction  in  the  chest. 
All  kinds  of  nervous  symptoms. 

Under  this  head  the  development  of  emphysema  in  the  later  stages 
of  asthma  must  be  considered.  Sooner  or  later  the  heart  regularly 
suffers  in  true  asthmatics ;  the  cardiac  changes  go  hand  in  hand  with 
the  development  of  emphysema;  the  right  heart  becomes  dilated. 

The  digestive  organs  also  participate  in  the  disturbance;  we  find 
especially  a  tendency  to  flatulence  and  constipation ;  dilatation  of  the 
stomach  is  also  mentioned.  It  is  explained  by  a  weakened  condition 
of  the  diaphragm,  which  in  the  intervals  between  attacks  does  not 
offer  sufficient  resistance  to  the  diminution  in  size  of  the  thoracic 
cavity  and  to  the  lengthening  of  the  abdominal  cavity.  (If  this  were 
correct,  the  high  position  of  the  diaphragm  must  continue  between 
the  attacks.)     The  expiratory  muscles  also  lose  their  normal  power 
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between  the  attacks,  and  this  favors  the  stagnation  of  the  fecal 
masses. 

In  the  blood  of  asthmatics  the  eosinophile  cells  have  been  found  to 
be  increased.  Noorden  even  established  a  relation  between  the  sever- 
ity of  the  attack  and  the  increase  of  eosinophile  cells  in  the  blood  dur- 
ing; the  attack.  There  is  no  doubt  that  there  is  also  an  increase  of  these 
cells  diu-ing  the  intervals  between  the  attacks.  [Ewing  states  that 
Gabritschewskv  found  in  3  cases,  11  to  22  %  of  eosins,  Fisk  14.6%  in 
one  case,  and  Billings  53.6%  out  of  8300  cells.— Ed.] 

After  long  continuance  of  the  disease,  asthmatics  acquire  a  charac- 
teristic appearance;  the  strongly  arched  chest,  with  which  is  contrasted 
the  marked  emaciation,  the  raised  shoulders,  between  which  the  head 
hangs  slightly  forward,  with  staring,  slightly  bulging  eyes,  present  a 
peculiar  picture.     All  older  asthmatics  are  cachectic  and  anemic. 

Complications. — Noorden  observed  a  complication  mth  a  peculiar 
psoriatic  eruption  of  the  skin.  It  has  also  been  shown  that  many 
asthmatics  have  suffered  in  their  j^outh  from  eczema;  this  indicates 
one  of  the  predisposing  factors  which  is  called  by  the  French  the 
dartrous  diathesis.  See  had  among  28  asthmatics  with  skin  eruptions 
10  children  who  had  eczema  of  the  head ;  15  in  middle  life  \\dth  eczema, 
lichen,  and  psoriasis ;  and  3  old  people  with  eczema  or  prurigo. 

The  complication  with  bronchitis  may  occur  in  a  peculiar  way,  not, 
as  usual,  forming  a  symptom  of  the  asthma,  but  in  such  a  manner  as  to 
represent  a  true  complication.  Under  the  influence  of  this  complica- 
tion the  asthma  itself  may  entirely  cease  during  the  continuance  of  the 
bronchitis,  or  it  may  become  extremely  mild,  as  in  the  example  de- 
scribed by  Trousseau. 

A  certain  number  of  cases  are  complicated  with  tuberculosis; 
either  the  asthma  is  added  to  the  tuberculosis  or  the  latter  is  added  to 
the  asthma.  A  certain  reciprocal  exclusion  has  been  assumed  to 
exist  between  the  two  diseases,  and  this  is  also  true.  When  the  two 
diseases  combine,  each  gives  up  a  part  of  its  peculiarities :  the  asthma, 
its  characteristic  paroxysmal  character^the  attacks  become  weak 
and  indistinct  and  pass  over  into  indefinite  dyspneic  conditions;  the 
tuberculosis,  its  progressive  character — it  is  prolonged  and  degenerates 
into  fibrous  phthisis.  The  association  of  asthma  and  tuberculosis  is 
certainly  very  rare.  Briigelmann  says  quite  positively  that  as  long  as 
any  one  has  asthma,  he  cannot  become  tuberculous.  He  relates  the 
interesting  case  of  a  tuberculous  woman  who  suddenly  began  to  have 
attacks  of  asthma;  but  they  were  pseudoasthmatic,  for  they  disap- 
peared the  instant  the  patient  expectorated  a  gland  that  had  under- 
gone cheesy  degeneration.  He  also  describes  an  instructive  case  of 
pseudotuberculosis  in  an  asthmatic  (p.  35). 

The  complications  with  gout  and  with  urticaria  ought  to  be  espe- 
cially mentioned.  These  diseases  occur  with  the  asthma  in  the  sense 
that  they  may  take  its  place  or  coexist  mth  it.  Urticaria  usually 
alternates  with  the  asthma,  and  this  alternation  is  so  marked  that 
asthma  has  been  regarded  as  an  urticaria  of  the  bronchi.     Such  a  case 
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is  mentioned  by  Trousseau,*  but  unfortunately  the  description  is  too 
summary.  Gout,  on  the  other  hand,  usually  replaces  the  asthma;  it 
appears  with  advancing  age,  after  the  asthma  has  disappeared  and 
appears  to  be  cured.  Yet  attacks  of  gout  and  asthma  may  alternate. 
Migraine  generally  acts  in  a  similar  way.  Trousseau  f  describes  the 
interesting  case  of  a  man  who  was  first  asthmatic,  then  contracted 
gout,  and  finally  suffered  from  migraine.  Graves  gives  the  case  of  a 
small  boy  who  suffered  from  asthma  and  then  had  an  attack  of  gout, 
since  which  time  he  has  remained  well.  But  gout  and  asthma  occur 
by  no  means  frequently  in  the  same  patient.  Lecorche  has  investi- 
gated the  histories  of  150  gouty  patients,  and  found  that  5  of  them 
were  asthmatic ;  See  investigated  370  asthmatics  and  found  14  who 
also  had  gout. 

The  relation  to  epilepsy  may  also  be  mentioned  here.  See 
states  that  he  has  seen  7  such  cases  in  which  one  disease  had  no  in- 
fluence on  the  other. 

Attacks  of  neuralgia  of  the  trigeminus  and  of  the  sciatic ;  epileptic, 
hypochondriac,  and  maniacal  attacks  have  also  occurred  in  place  of 
asthma. 

Complications  with  heart  lesions  and  with  phthisis  are  found  in 
Fraenkel  (I.  c.,  p.  2235) ;  complications  with  skin  eruptions,  psoriasis, 
and  eczema,  as  mentioned  by  Thorowgood  (I.  c,  p.  94). 

Nature  of  the  Disease. — Authors  are  now  agreed  [see  Fraenkel's 
report,  p.  229. — Ed.]  that  asthma  is  a  neurosis,  that  it  cannot  be  ex- 
plained by  bronchitis,  by  the  peculiar  form  of  catarrh,  or  by  the  pecu- 
liar constituents  of  the  secretion.  As  in  all  diseases  occurring  in  par- 
oxysms,— epilepsy,  migraine,  spasm  of  the  glottis,  stenocardia, — the 
nervous  element  predominates.  We  physicians,  according  to  an 
easily  understood  hypothesis,  find  this  nervous  element  in  a  center. 
In  what  way  the  latter  is  affected  pathologically  is  not  explained.  We 
can  only  assume  that  injuries  acting  upon  it  leave  behind  some  impres- 
sion which  does  not  disappear,  but  remains  latent  for  a  certain  time ; 
there  is  an  accumulation  of  injuries,  and  when  this  has  reached  a  cer- 
tain magnitude,  some  apparently  unimportant,  peculiar  factor  causes 
an  unburdening  or  explosion,  and  this  is  the  paroxysm.  These  inju- 
ries are  generally  conveyed  by  the  paths  which  act  most  directly  on  the 
respiratory  center,  the  sensor)^  nerves  of  the  respiratory  tract.  They 
may,  however,  although  much  more  slowly,  be  introduced  in  all  possible 
ways.  The  opportunity  for  the  accumulation  of  the  injuries  is  given 
by  a  certain  predisposition  of  the  nervous  system,  as  in  epilepsy  or 
migraine,  which  may  be  congenital  or  acquired  (even  cultivated!). 
The  explosion  manifests  itself  in  a  convulsion  of  numerous  muscles; 
authorities  still  disagree  as  to  whether  it  is  to  be  ascribed  to  a  spasm 
of  the  bronchial  muscles  or  to  a  spasm  of  the  inspiratory  muscles,  espe- 
cially the  diaphragm.  I  believe  that  both  are  right,  and  that  often 
both  systems  are  attacked,  and  sometimes  one  and  sometimes  the 
other.     But  vasomotor  fibers  are  also  affected  by  the  reflex.     The 

*  Loc.  cit.,  p.  488.  t  "  Clinique,"  ed.  4,  p.  486. 
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secretion  which  occurs  almost  regularly  at  the  close  of  the  attack  is 
regarded  as  the  consequence  of  reflexes  acting  on  secretory  or  vaso- 
motor fibers,  but  the  mechanism  is  not  explained.  Moreover,  secre- 
tion of  the  bronchi  has  not  as  yet  been  demonstrated  after  stimulation 
of  certain  fibers,  although  undoubtedly  the  same  rule  holds  good  for  the 
bronchial  glands  as  for  other  glands.  [Aufrecht's  experiments  *  show 
that  the  unstriped  nmscle  of  the  finer  bronchi  is  made  up  of  a  thick  layer 
of  circular  fibers,  and  a  much  weaker  layer  of  longitudinal  fibers.  These 
two  layers  are  intimately  interwoven.  In  asthmatic  cases  in  which  the 
bronchial  mucous  membrane  is  intact,  which  are  to  be  explained  by 
reflex  spasm  of  the  muscle-fibers,  the  contraction  of  the  strong  circular 
layer  overcomes  that  of  the  interwoven  weaker  longituflinal  layer, 
which  under  normal  conditions  prevents  a  narrowing  of  the  lumen  of 
the  bronchi.  Thus  contraction  of  the  bronchioles  is  brought  about. 
In  asthmatic  cases  which  follow  upon  a  catarrhal  condition  of  the  finer 
bronchi  and  bronchioles,  the  weaker  longitudinal  layer  of  unstriped 
muscle-fibers  suffers  more  by  the  inflammatory  process  than  the  circu- 
lar layer,  which,  again,  constricts  the  lumen.  In  these  latter  cases  the 
condition  is  one  of  increased  circular  contraction,  due  to  interference 
with  the  action  of  the  longitudinal  antagonists,  rather  than  to  a  mus- 
cular spasm,  which  occurs  in  the  first  class  of  cases. — Ed.] 

That  the  nerves  of  the  blood-vessels  take  part  in  the  asthmatic 
attack  cannot  be  doubted.  Schmidtborn  concludes  that  there  is 
spasm  of  the  muscular  layer  of  the  arteries  of  the  lungs,  and  tries  to 
deduce  the  whole  symptom-complex  of  asthma  from  this  factor. 

The  attack  is  brought  on  in  a  purely  reflex  way  by  some  determin- 
ing cause.  The  connections  of  the  diseased  center  with  the  higher 
psychic  centers  have  an  important  influence ;  for  the  latter,  on  the  one 
hand,  possess  the  power  to  counteract  the  attack,  while,  on  the  other 
hand,  they  may  favor  or  even  provoke  it.  Briigelmann  rightly  em- 
phasizes this  influence  of  the  will ;  if  the  -^ill-power  is  strong,  reaction 
and  its  consequences  are  proportionately  delaj^ed ;  on  the  other  hand, 
the  feebler  the  will-power,  the  sooner  must  reaction  take  place.  The 
disease  is  possible  in  its  most  marked  form  only  when  the  ^^dll-power  is 
greatly  altered,  especially  weakened,  as  in  neurasthenia. 

With  all  this  knowledge,  we  are  still  far  from  understanding  the 
true  genesis  of  this  remarkable  convulsion,  which  so  powerfully  attacks 
the  inspiratory  muscles. 

Diagnosis. — Dyspneic  attacks  apparently  occurring  suddenly 
always  demand  a  careful  cUfferential  diagnosis.  If  positive  proof  of 
the  occurrence  of  a  paroxysm  ^ith  the  characteristic  secretion  is  in- 
sisted upon,  the  correct  diagnosis  will  in  most  cases  be  made.  If  the 
phA'sician  is  called  in  at  the  time  of  the  attack,  he  is  very  apt  to  make 
rmstakes.  The  great  importance  of  noting  the  expiratory  dyspnea, 
especially  insisted  upon  by  Riegel,  should  be  once  more  emphasized. 
By  this  means  attacks  of  spasm  of  the  glottis,  edema  of  the  glottis, 
paralysis  of  the  extensors  of  the  glottis,  tracheal  stenosis,  and  central 

*  Deutsches  Archiv  fiir  klin.  Med.,  vol.  lxvii,  Xos.  5  and  6. 
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causes  (especially  tumors  of  the  medulla  oblongata  and  of  the  upper 
portion  of  the  spinal  cord,  a  point  that  has  not  received  sufficient 
attention  in  the  case-histories  at  our  disposal)  can  be  excluded  with 
certainty.  Expiratory  dyspnea  occurs,  outside  of  the  disease  under 
discussion,  in  bronchitis,  in  the  presence  of  foreign  bodies  and  bronchial 
stenosis  in  general,  in  emphysema,  and  in  cardiac  asthma.  The  possi- 
bility of  spasm  of  the  diaphragm  should  also  be  considered,  especially 
in  hysteria.  The  distinction  between  bronchitis  and  asthma  presents 
peculiar  difficulties  in  children,  as  infantile  asthma  is  very  atypical. 

Enlargement  of  the  bronchial  glands  must  always  be  thought  of, 
especially  in  children.  In  these  cases  a  short,  dry,  irritative  cough 
usually  exists,  with  signs  of  dulness  between  the  shoulder-blades;  as 
the  children  are  generally  tuberculous,  we  should  expect  exacerba- 
tions of  fever,  night-sweats,  and  emaciation. 

As  to  foreign  bodies,  we  must  always  consider  that  we  can  often 
find  the  right  track,  by  inquiring  into  all  the  details  of  the  anamnesis. 
Yet  we  have  seen  cases  enough  in  which  the  foreign  body  has  reached 
the  bronchi  without  the  knowledge  of  the  patient  or  of  those  immedi- 
ately around  him.  For  other  forms  of  bronchostenosis  it  will  always 
be  possible  to  find  a  cause,  and,  especially,  to  demonstrate  the  partici- 
pation of  a  lung. 

As  asthma  and  emphysema  often  imperceptibly  merge  one  into  the 
other,  the  differential  diagnosis  must  rest  on  the  demonstration  of  the 
characteristic  sputum.  Another  decisive  factor  is  obtained  most 
simply  by  means  of  the  spirometer;  for  in  emphysema  the  capacity 
of  the  lung  is  considerably  reduced,  while  in  the  asthmatic  patient,  in 
the  interval  between  the  attacks,  the  capacity  must  be  nearly  or  quite 
normal.  When  emphysema  complicates  asthma,  the  spirometer  must 
decide  as  to  the  emphysema,  and  the  microscope  as  to  the  asthma. 

Cardiac  asthma  is,  accorcUng  to  Fraenkel,*  a  disease  depending  on 
a  diminution  of  the  functional  power  of  the  left  ventricle,  which  mani- 
fests itself  by  sudden  attacks  of  dyspnea,  cyanosis,  and  accelerated 
heart  action.  It  favors  the  occurrence  of  edema  of  the  lungs,  which  is 
absent  in  bronchial  asthma.  The  dyspnea  is  equally  strong  in  both 
phases  of  respiration ;  the '  diaphragm  is  not  depressed ;  the  heart 
symptoms  must  be  distinctly  evident.  The  characteristic  sputum  of 
asthma  is  absent  and  eosins  are  not  foimd  in  the  blood  in  the  same 
high  percentage  as  in  asthma. 

In  aortic  aneurysm  there  are  asthmatic  attacks  from  pressure  on 
the  vagi;  these  should  be  considered  in  this  connection.  I  have  not 
been  able  to  find  an  exact  description  of  them:  In  these  attacks  the 
differential  diagnosis  from  cardiac  asthma  assumes  special  importance. 

Hysterical  spasm  of  the  diaphragm  may  simulate  asthma.  It  is 
characterized  by  a  short  inspiratory  movement,  with  retraction  of  the 
yielding  structures,  as  in  laryngeal  stenosis.  Then  follows  a  quick 
and  short  expiratory  effort,  accompanied  by  a  sobbing  sound.  True 
dyspnea  is  not  at  all  a  feature  of  this  form. 

*  Charite  Annalen,  vol.  v,  1880. 
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Observations  from  the  more  recent  epidemics  have  shown  that  even 
the  onset  of  influenza  may  present  symptoms  very  similar  to  those  of 
an  asthmatic  attack,  so  that  the  two  could  not  be  distinguished  by 
ordinary  methods  of  investigation  alone,  without  a  longer  time  for 
observation.  Microscopic  examination  of  the  sputum,  and  eventually 
the  examination  for  bacilli,  would,  however,  clear  up  the  diagnosis. 

The  diagnostic  importance  of  the  eosinophile  cells  cannot  be  too 
highly  esteemed;  when  they  occur  in  large  numbers,  they  are  always 
a  considerable  indication  in  fa^•or  of  asthma,  especially  if  affections  of 
the  heart  and  kidney  can  be  excluded.  For  the  differential  diagnosis 
from  cardiac  astlmia  they  are,  however,  of  no  assistance  at  all.  The 
diagnostic  value  of  the  asthma  crystals  is  the  greatest  of  all,  although 
they  may  also  occur  in  fibrinous  bronchitis.  The  diagnostic  signifi- 
cance of  spirals  is  on  a  level  with  that  of  the  crystals,  although  they 
have  likewise  been  demonstrated  in  simple  broncliitis,  in  fibrinous 
bronchitis,  and  in  pneumonia.  [Osier's  experience  and  that  of  others 
is  quite  contradictory  of  the  above.  The  first  author  states  he  has 
never  seen  true  spirals  in  pneumonia  or  in  bronchitis.  Gollasch  *  has 
foimd  ox3'pliilic  leucocytes  in  the  sputum  of  acute  and  chronic  bron- 
chitis, and  also  in  the  nasal  secretions  occurring  during  the  course  of 
those  diseases.  In  tubercular  sputum  and  that  of  bronchitis  foetida 
he  did  not  discover  any  eosinophiles.  Von  Leyden  f  found  a  single 
eosinophile  in  the  sputum  of  a  consumptive,  though  the  sputum  of  the 
other  phthisical  cases  examined  exhibited  no  eosinophilic  cells.  He 
discovered  a  few  eosinophiles  in  the  scanty  sputum  of  a  case  of  crou- 
pous pneumonia  with  delayed  resolution,  and  also  in  the  nasal 
secretions  during  an  attack  of  acute  coryza.  Schmidt  |  states  that 
oxyphilic  cells  are  found  in  the  fibrin  clumps  in  the  sputum  of  fibrinous 
bronchitis,  as  well  as  in  the  diphtheritic  membrane.  He  has  not 
found  any  such  leucocytes  in  the  sputum  of  phthisis  pulmonalis  or  of 
suppurative  bronchitis.  Mandybeer  §  and  Gabritschewsky  ||  cite 
cases  of  emphysema,  in  the  sputum  of  which  eosinophilic  leucocj^tes 
were  almost  constantly  found.  Mandybeer  (I.  c.)  has  also  found  them 
in  influenza  sputum.  He  agrees  wdth  the  other  investigators  that  the 
sputum  of  tubercular  and  pneumonic  cases  rarely,  if  ever,  shows  any 
eosinophilic  cells. — Ed.] 

Conditions  resembling  an  asthmatic  attack  may  occur  in  a  great 
variety  of  diseases,  especially  if  the  diagnosis  is  hastily  made  and  every 
attack  is  declared  offhand  to  be  asthma,  after  the  manner  of  the  laity. 

*  "  Zur  Kenntniss  des  asthmatischen  Sputums,"  Fortschritte  der  Medicin,  Bd. 
VII,  1889,  p.  361. 

t  "  Ueber  eosinophile  Zellen  aus  dem  Sputum  von  Asthma  bronchiale," 
Deutsche  med.  Wochenschrift,  No.  38,  1891,  p.  1085. 

X  "  Beitrage  zur  Kenntniss  des  Sputums,  insbesondere,  des  asthmatischen,  und 
zur  Pathologic  des  Asthma  bronchiale,"  Zeitschrift  fur  klin.  Med.,  Bd.  xx,  1892,  p. 
492. 

§  "Vorkommen  und  diagnostische  Bedeutung  der  oxyphilen  und  basophilen 
Leukocyten  im  Sputum,"  Wiener  med.  Wochenschrift,  No.  7,  i892,  p.  256 

II  Archiv  fiir  experimentelle  Pathologie  und  Pharmakologie,  Bd.  xxvii,  1  und  2 
Heft. 
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I  should  not  dwell  on  this  point,  if  it  were  not  so  self-evident  as  to 
belong  in  every  manual,  that  cases  of  so-called  lead-,  alcohol-,  malarial, 
or  syphilitic  asthma  in  reality  have  nothing  whatever  to  do  with 
asthma.  I  do  not,  of  course,  pretend  to  deny  that  a  syphihtic  or  an 
alcohoHc  subject  may  have  asthma.  If  a  rehable  history  of  such  a 
case  were  presented  to  me,  I  should  declare  it  a  coincidence  of  two  dis- 
eases. 

Examples  are  also  mentioned  of  hysteric  asthma,  in  which  I  cannot 
find  any  similarity  to  true  asthma.  The  same  is  true  of  uremic  asthma. 
On  this  principle  diabetic,  leukemic,  and  Addison's  asthma  might  be 
described. 

Treatment. — ^The  treatment  of  this  disease  has  been  extremely 
variable.  By  experimenting  with  numberless  drugs,  some  fairly  good, 
and  a  few  excellent  results  have  been  obtained  empirically;  but  the 
results  gained  by  a  deeper  knowledge  of  the  disease  are  far  greater. 
The  treatment,  so  far  as  is  possible,  should  be  directed  toward  removal 
of  the  cause,  and  with  such  treatment  brilliant  results  may  often  be 
obtained.  The  determining  causes  are  especially  amenable;  if  they 
are  often  trivial  or  even  ridiculous,  their  removal  can  nevertheless  be 
brought  about  under  certain  circumstances.  People  who  have  an 
asthmatic  attack  whenever  they  have  to  do  with  powdered  ipecac  or 
with  hay  can  certainly  avoid  these  irritating  causes.  Better  results 
are  secured  by  attending  to  the  predisposing  causes,  and  searching  for 
asthma-points,  especially  in  the  nose,  but  also  elsewhere  in  the  body, 
and  by  removing  their  pathologic  irritability  and  their  pathologic 
exciting  influence ;  here,  then,  the  rhinologist  especially,  but  also  the 
laryngologist,  the  gynecologist,  and  the  genito-urinary  surgeon,  may 
accomplish  much. 

The  treatment  of  nasal  asthma  is  considerably  simplified  by  the  use 
of  cocain.  [Such  treatment  must  be  employed  most  cautiously. — Ed.] 
The  mucous  membrane  is  desensitized  and  so-called  asthma-points — 
that  is,  points  on  the  mucous  membrane  which  on  pressure  with  the 
sound  cause  definite  reflex  expressions — are  searched  for.  If  such 
points  are  found  in  polypi,  in  swelhngs  of  the  mucous  membrane  or 
erectile  tissue,  or  in  other  alterations,  they  are  immediately  treated 
locally,  and,  if  necessary,  by  an  operation.  But  the  results  of  the 
direct  nasal  treatment  are  often  very  slight,  or,  while  apparently  suc- 
cessful for  a  time,  they  are  of  very  short  duration.  Then  we  can  say 
with  certainty  that  it  is  not  a  case  of  true  nasal  asthma;  that  the  nasal 
involvement  is  only  incidental  or  does  not  exist  at  all,  and  we  must 
therefore  look  for  other  causes.  Briigelmann  found  that  always  when 
he  had  cauterized  true  asthma-points,  a  marked  febrile  reaction  set  in 
in  the  evening,  which,  in  very  sensitive  patients,  might  continue  for 
several  days. 

It  is  certain  that  we  must  think  of  treating  the  nose,  but  it  is 
equally  certain  that  we  must  not  expect  too  much  from  nasal  treat- 
ment, and  that  asthmatics  may  suffer,  and  have  already  suffered, 
much  harm  at  the  hands  of  too  energetic  nasal  therapeutists.     Much 
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mischief  can  be  done  with  the  galvanocautery.  [With  this  the  editor 
cordially  agrees.]  The  patients  do  not  complain  to  the  specialists  who 
have  treated  them,  and  these,  therefore,  unwarned,  report  the  most 
brilliant  results.  One  must  be  very  careful  in  his  judgment  of  the 
literature. 

Among  the  predisposing  causes  is  a  pathologic  excitability  of  the 
imagination,  with  a  corresponding  weakness  of  the  will-power.  The 
thought:  You  will  have  an  attack  if  you  do  this  or  that,  or  if  this  or 
that  happens,  makes  the  patient  a  victim  to  the  most  ridiculoas  deter- 
mining causes.  In  these  cases  psychic  treatment  is  necessary;  the 
physician  must  assert  his  authority,  and  even  hypnosis  is  not  to  be 
shunned.  Numerous  examples  cited  by  Briigelmann  show  the  great 
value  of  psychotherapy,  which  in  severe  cases  is  indispensable. 

Of  course,  it  would  be  best,  if  we  could,  to  attack  the  fundamental 
cause  of  the  disease,  but  there  is  no  prospect  of  discovering  it  ^^^thin  a 
reasonable  time.  Something  can,  however,  be  accomplished  in  this 
respect  also.  In  the  consideration  of  the  nature  of  the  disease  it  was 
found  that  an  injury  may  affect  the  respiratory  center  at  some  point 
in  the  central  nervous  system ;  in  such  a  way  the  center  receives  certain 
impressions  and  utilizes  them  improperly,  so  that  the  injury  gradu- 
ally accumulates,  until  a  kind  of  unloading  or  explosion  takes  place. 
TMs  is  in  many  respects  similar  to  epilepsy,  migraine,  and  hysteric 
convulsions.  It  should  be  treated  on  the  same  principles,  according 
to  which  we  in  such  cases  train  and  spare  the  central  nervous  system. 
Gymnastics  of  the  respiratory  center,  exercising  and  regulating  the 
act  of  breathing,  and  the  general  invigorating  measures  represented 
by  the  cold-water  treatment,  are  both  to  be  especially  considered  as 
auxiliary  means. 

That  psychotherapy  and  the  treatment  of  the  central  nervous 
system  in  general  can  often  be  used  mth  great  advantage  under  the 
careful  supervision  of  the  physician  in  private  institutions  is  sufficiently, 
evident  to  show  that  such  forms  of  treatment  may  in  man}^  cases 
be  urgently  recommended  to  the  patient. 

It  is  of  all  things  important  to  limit  the  number  of  attacks  as  soon 
as  possible,  and  thus  give  the  nerve-center  time  for  recuperation.  This 
may  often  be  secured  by  a  change  of  residence  and  a  diligent  search  for 
and  removal  of  the  predisposing  causes.  It  is,  however,  undoubtedly^ 
aided  by  attending  to  the  determining  factors  concerning  which  the 
individual  experiences  of  the  patient  must  decide,  and  by  the  use  of 
medicines  and  similar  auxiliary  measures. 

Among  internal  remedies  potassium  iodid  should  be  considered;  in 
large  doses,  given  internally,  it  often  brings  sm'prising  relief,  although 
I  do  not  believe  that  a  patient  will  recover  by  the  use  of  this  medicine 
alone.  Next  to  potassium  iodid,  but  much  inferior  in  value,  is  arsenic. 
[Patients  in  whom  attacks  occur  when  debilitated  or  just  below  par 
have  been  relieved  by  the  use  of  ascencUng  doses  of  nux  vomica.  In 
the  editor's  experience  this  remedy  in  properly  selected  cases  is  as 
valuable  as  arsenic  or  the  iodid  of  potassium. — Ed.]    Then  follows  the 
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main  army  of  less  useful  drugs,  most  of  which  act  on  the  imagination 
alone,  and  which  I  only  mention  in  order  to  explain  their  usefulness  in 
producing  a  psychic  impression :  tincture  of  lobelia,  quinin,  strychnin, 
hyoscin,  flowers  of  zinc,  silver,  bismuth,  iron,  potassium  bromid,  alka- 
line phosphites,  castoreum,  camphor,  asafetida,  and  flowers  of  sulphur 
[Euphorbia  pilulifera;  TuU]. 

Inhalations  are  of  value  when  there  is  bronchitis,  since  the  patient 
is  greatly  relieved  if  the  bronchitis  is  checked.  Simple  warm  water 
vapor  or  carbonic  acid  water,  Ems  water,  and  other  alkaline  waters  are 
often  very  agreeable  to  the  patient.  Breathing  with  Waldenburg's 
apparatus  is  a  good  method  to  compel  the  patient  to  perform  respira- 
tory gymnastics  and  to  let  his  respiratory  muscles  act  vigorously,  as 
we  know  they  are  forced  to  do.  This  is,  then,  an  essentially  different 
method  from  the  inspiration  of  compressed  air  in  the  pneumatic  cabi- 
net, which  is  highly  praised  by  Lazarus ;  the  latter  combats  the  ten- 
dency to  emphysema,  and  is  really  an  admirable  means  of  checking 
the  catarrh. 

Specific  drugs  have  also  been  inhaled.  Thus,  See  praises  pj^ridin  in 
glowing  terms.  It  is  a  colorless,  very  volatile  fluid;  4  to  5  gr.  (about 
one  dram)  are  to  be  poured  into  a  saucer  which  is  placed  in  the  middle 
of  a  small  room,  and  the  patient  is  to  breathe  this  medicated  air  for 
twenty  to  thirty  minutes  three  times  daily.  As  the  great  name  of  the 
originator  of  this  procedure  has  not  caused  it  to  be  further  recom- 
mended, we  may  consider  it  worthless ;  and  as  it  causes  dizziness  and 
nausea,  we  must  pronounce  it  harmful. 

Inhalations  of  turpentine  and  carbolic  acid  have  often  been  recom- 
mended, even  before  See  suggested  pyridin.  Their  value  is,  however, 
not  to  be  compared  to  that  of  the  inspiration  of  the  vapor  of  warm 
water  and  moist  steam.  To  carry  out  these  various  inhalation  methods 
a  suitable  mask  may  be  made  to  order  by  any  instrument-maker. 
Schaffer  especially  recommends  the  faradic  current;  and  this  is  con- 
firmed by  Fraenkel  and  Bresgen.  Schaffer  believes  that  the  starting- 
point  of  the  reflex  stimulation  is  always  somewhere  in  the  respiratory 
tract,  and  according  to  the  place  where  he  assumes  it  to  be,  he  places 
the  electrodes  on  both  sides  of  the  neck,  under  the  lower  jaw,  2  cm.  in 
front  of  the  angle  of  the  jaw,  or  at  the  level  of  the  thyroid  cartilage  in 
front  of  the  sternocleidomastoid.  The  current  should  not  be  too  weak 
and  should  be  used  twice  a  day  for  one-quarter  to  one-half  hour. 

The  climate  is  entirely  a  matter  of  individual  experience.  Thorow- 
good  considers  that  of  London  especially  beneficial,  because  there  is 
so  much  carbonaceous  matter  in  the  atmosphere!  Some  prefer  moist, 
others  a  dry  atmosphere ;  one  fears  the  sea,  and  another  the  moun- 
tains. Briigelmann  finds  the  cHmate  of  Paderborn  extremely  favora- 
ble. [For  young  subjects,  southern  CaHfornia  or  Florida  is  useful. 
Older  persons  mth  favorable  vascular  conditions  (aged  twenty-five  to 
thirty-five  years)  improve  in  Colorado.  Hay-fever  subjects  derive 
relief  from  residence  during  the  summer  in  New  Hampshire,  Maine,  or 
the  Adirondacks. — Ed.]     It  must  not  be  forgotten  also  that  in  early 
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times  certain  sulphur  baths  were  popular  among  asthmatics,  as:  Baths 
at  Vienna,  Weilbach,  Harrogate,  Amolie-les-Bains  (\'ery  favorable 
climatic  conditions),  Cauterets,  and  Raillere.  At  the  present  day  we 
hardly  ascribe  any  special  \-alue  to  them,  but  empirically  the  climatic 
conditions  have  certainly  been  found  fa\-orable.  Even  when  actual 
climatic  treatment  is  out  of  the  question  for  external  reasons,  some- 
thing can  be  accomplished  by  insisting  on  having  plenty  of  pure,  fresh 
air  by  day,  and  especially  in  the  bedroom  at  night.  The  fear  of  tak- 
ing cold  is  responsible  for  an  incredible  amount  of  injury,  especially 
among  the  lower  classes. 

The  physician  must  not  forget  to  speak  of  the  diet;  many  severe 
cases  have  been  cured  by  a  strict  regimen.  Vegetarianism,  it  seems  to 
me,  has  found  many  enthusiastic  ad\'ocates  in  England.  Pridham  rec- 
ommends the  following  diet:  In  the  morning,  breakfast  at  8  o'clock; 
I  pint  of  tea  or  coffee  and  60  grams  (2  ounces)  of  stale  bread.  At  noon, 
about  one  o'clock,  60  grams  of  beef  or  mutton,  60  grams  of  stale  bread 
or  boiled  rice.  In  the  afternoon,  at  4  o'clock,  ^  pint  of  brandy  and 
water,  or  sherry  and  water,  or  toast  and  water,  according  to  prefer- 
ence. In  the  evening,  at  7  o'clock,  60  grams  of  meat  and  60  grams  of 
bread. 

Such  a  denutrition  cure  can,  of  course,  only  be  used  with  caution 
and  in  selected  cases ;  especially  for  corpulent  people  who  live  well  and 
have  good  nerves,  as  ladies  frequently  have  who  imagine  themselves  to 
be  very  nervous. 

Milk  cures  have  also  proved  truly  efficacious  in  many  cases. 

The  effort  to  shorten  and  relieve  the  patient's  attack  is  generally 
most  successful  with  the  help  of  morpliin  injection  and  chloral  hydrate. 
The  two  medicines  are  equally  recommended,  and  it  wdll  have  to  be 
decided  according  to  the  accompanying  circumstances  whether,  in  a 
given  case,  the  one  or  the  other  is  the  more  achisable.  But  in  older 
cases  it  is  found  that  the  patients  either  abuse  these  remedies  or  that 
they  are  entirely  opposed  to  them.  Many  other  suggestions  have 
therefore  been  made.  In  the  first  place,  inhalations  of  amyl  nitrite  are 
warmly  recommended,  but  there  are  not  many  who  can  boast  of  per- 
manent or  brilliant  results  from  this  drug.  Belladonna,  the  subcu- 
taneous injection  of  atropin,  cannabis  indica,  chloroform  and  ether 
inhalations,  and  potassium  bromid  in  large  doses  may  be  considered. 
The  inhalation  of  turpentine  has  also  been  recommended,  but  it  is  of 
little  value  during  the  attack. 

The  smoking  of  cigarettes,  prepared  with  stramonium,  has  been 
greatly  lauded.  Trousseau  gives  the  following  prescription :  leaves  of 
belladonna,  0.36  (6  grains);  hyoscyamus,  0.18  (3  grains);  phellan- 
drium  aquaticum,  0.06  (1  grain) ;  and  stramonium,  0.18  (3  grains),  care- 
fully stripped  from  the  ribs,  dried,  and  treated  with  a  trace  of  extract 
of  opium.  The  cigarette  papers  are  then  filled  vnXh  the  mixture,  the 
papers  being  especially  prepared  by  washing  in  cherry-laurel  water. 
The  most  valuable  constituent  of  these  cigarettes  is  unquestionably 
the  small  amount  of  opium.     Yet  the  cigarettes  made  of  camphor  and 
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stramonium  also  enjoy  considerable  repute.  The  smoke -must  be 
really  inhaled ;  the  mere  blowing  away  of  the  smoke  will  suffice  only  in 
the  mildest  cases.  Many  patients  get  relief  by  smelling  ammonia 
from  a  flask.  (Painting  of  the  throat  with  ammonia  is  objectionable.) 
Trousseau  tells  of  a  ship  captain  who  noticed  no  trace  of  an  attack 
when  his  ship  was  loaded  with  guano.  The  inhalation  of  the  smoke 
of  so-called  niter  paper  should  really  be  included  under  the  head  of 
ammonia  inhalations ;  carbonic  acid,  carbonic  oxicl,  and  cyanogen  are 
at  the  same  time  evolved,  and  potassium  carbonate  and  potassium 
nitrate  may  also  be  carried  into  the  air-passages  mechanically.  But 
even  during  the  attacks  I  believe  the  vapor  of  warm  water  is  far  ahead 
of  all  kinds  of  smoke  and  vegetable  dusts.  A  simple  remedy  that  should 
always  be  tried  consists  in  the  immediate  use  of  hot  hand-  and  foot- 
baths, which  often  afford  considerable  relief  in  a  very  short  time.  The 
efficacy  of  these  methods  is,  so  to  speak,  individual ;  and  many  people 
experiment  on  themselves  with  the  most  wonderful  remedies,  among 
which  may  be  mentioned  brilliant  illumination  with  a  number  of  lamps 
or  a  brisk  trot  on  horseback.  How  strange  is  the  story  told  by  Graves 
of  the  two  asthmatic  patients  whom  he  visited  in  one  day!  the  first 
ascribed  his  attack  to  the  smoking  of  his  chimney,  while  the  second  let 
his  chimney  smoke  and  felt  better  for  it. 

Emetics  boast  a  number  of  very  ardent  admirers :  Lebert  and  Seitz 
use  them  in  cases  in  which  the  attack  is  prolonged.  Thus  one  might 
even  be  tempted  to  try  ipecacuanha,  tartarus  stibiatus,  or  apomor- 
phin.  For  those  who  demand  a  prescription,  I  will  mention  one  given 
by  one  of  our  greatest  clinicians,  the  above-mentioned  Graves:  Tr. 
hyoscyam.,  2.0  (30  minims);  Acet.  scillit.,  2.0  (30  minims);  Vin. 
ipecacuanha,  2.0  (30  minims) ;  Camphora,  0.2  (3  grains) ;  Vin.  10  (2.5 
fluidrams);  Aq.,  20  (5  fluidrams),  to  be  taken  in  one  dose.  The 
camphor  will,  of  course,  be  almost  entirely  precipitated. 

[The  Use  of  Heroin  in  Asthma. — Strube  *  reports  two  cases  of 
bronchial  asthma,  in  w^hich  mild  attacks  were  relieved.  The  rate  of 
respiration  and  coughing  are  lessened,  and  sleep  is  often  induced. 
Tauszk  t  observed  one  case  in  which  severe  dyspnea  was  relieved,  and 
the  attacks  did  not  return.  Leo  %  used  heroin  in  a  number  of  cases  of 
bronchial  asthma  with  success,  and  in  one  case  he  reports  a  probable 
cure.  Medea§  had  rather  poor  results  with  heroin.  Rosin  ||  had  no 
better  results  than  those  obtained  with  coclein  or  morphin,  and  en- 
countered unpleasant  after-effects,  such  as  vertigo,  nausea,  and  severe 
headache.  Bloch  **  had  only  good  results,  and  concludes  that  heroin 
has  a  sedative  action  upon  the  respiratory  tract.  North  ft  reports 
marked  relief  in  asthma,  following  the  use  of  heroin.  Floret  %%  has 
naught  but  praise  for  heroin  in  the  treatment  of  this  disease.     Har- 

*  Berliner  klin.  Wochenschrift,  No.  45,  1898.         f  Orvoci  Hetilap,  1898,  No.  80. 

X  Deutsche  med.  Wochenschrift,  March  32,  1899.     §  Morgagni,  June,  1899. 

II  Therapie  der  Gegenwart,  June,  1899.  **  "  Die  Heilkunde,"  1899,  Heft  8. 

tt  Amer.  Med.  Compend,  June,  1899. 

XX  Therapeutische  Monatshefte,  June,  1899. 
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nack*  has  exaggerated  the  toxicity  of  heroin,  as  is  shown  by  the 
collective  experience  of  the  many  observers  who  have  used  it  safely. 
Manges  f  says  that  heroin,  and  especially  the  hydrochlorid,  is  supe- 
rior to  any  drug  now  being  used  in  the  treatment  of  bronchial  asthma. 
The  paroxysms  are  shortened  and  the  interval  between  attacks  is 
lengthened.  He  used  the  hydrochlorid  subcutaneously  in  -^^  to  J  grain 
doses,  repeated  in  an  hour  if  necessary.  Then  heroin  is  administered 
by  mouth  every  four  to  six  hours  to  insure  sleep.  Cardiac  and  renal 
asthma  are  benefited  b}'  the  drug,  but  morphin  is  of  more  service  here. 
The  consensus  of  opinion  seems  to  speak  for  the  efficacy  of  the 
drug,  while  recommending  that,  as  a  derivative  of  morphin,  it  should 
be  dispensed  with  discrimination. — Ed.] 

*  Miinch.  med.  Wochenschrift,  1S99,  Nos.  27-31. 
t  New  York  Med.  Jour.,  Jan.  20,  1900. 
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EMPHYSEMA  AND  ATELECTASIS. 


PULMONARY  EMPHYSEMA. 

The  term  emphysema  has  long  been  applied  to  certain  morbid 
conditions  in  which  the  lung  appears  excessively  distended  by  an 
abnormal  volmne  of  air.  Our  present  conception  of  the  word  derives 
from  Laennec,  who  made  a  sharp  distinction  between  two  varieties: 
interstitial  and  vesicular  pulmonary  emphysema.  Vesicular  pul- 
monary emphysema  is  produced  when  the  air,  ^\ithout  de^dating 
from  the  normal  air-passages,  cUstends  first  the  alveoli,  which  are 
the  least  resistant  structures,  and  later  the  infuncUbula,  and  even  the 
bronchi.  It  is  this  vesicular  emphysema  that  ^^ill  be  discussed  now. 
Under  orcUnary  circumstances  the  elasticity  of  the  normal  lung  is 
adequate  to  the  varying  degrees  of  distention  to  which  the  organ  is 
subjected,  and  it  maintains  its  integrity  until  extreme  old  age  to  the 
extent  of  being  able  to  satisfy  the  demands  of  life.  But  if,  as  the 
result  of  disease,  the  distention  becomes  excessive  and  unusually 
abrupt,  or  if  the  walls  of  the  alveoli  suffer  some  pathologic  change  that 
interferes  with  their  nutrition,  or  if,  finally,  these  two  events  coincide, 
then  the  lung  fails  to  regain  its  normal  volume  and  remains  perma- 
nently cUstended.  If  the  condition  is  only  temporary  and  there  is  a 
possibilit}'  of  recovery,  it  is  called  distention  of  the  lungs,  or  alveolar 
ectasia,  or  acute  emphysema,  and  represents  a  comparatively  in- 
significant process.  It  ma}',  however,  under  certain  circumstances 
be  the  forerunner  of  the  condition  in  which  the  lung  fails  to  retm-n  to 
its  normal  volume  and  a  permanent  morbid  state,  with  a  tendency 
to  progressive  development,  takes  place.  This  is  genuine  chronic 
emphysema,  and  is  the  condition  usually  meant  when  the  term  pul- 
monary emphysema  is  used  without  qualification. 

If  a  large  portion  or  even  the  entire  substance  of  both  lungs  is 
involved  in  this  form  of  emphysema,  and  the  basal  disease  sinks  into 
the  background,  the  chnical  picture  of  so-caUed  primary  emphysema 
is  produced.  In  reality  this  primary  emphysema  is  as  much  a  secon- 
dar}^  emphysema  as  all  other  forms  of  the  disease,  and  it  is  admitted 
by  all  authorities  that  the  most  common  cause  is  found  in  chronic 
bronchial  catarrh.  A  true  primary  emphysema  exists  only  in  theory. 
This  question  will  be  referred  to   again  in  the  section  on  etiolog5^ 

255 


256  EMPHYSEMA. 

The  essential  features  of  what  is  called  primary  emphysema  are  that 
it  practically  involves  the  entire  substance  of  both  lungs,  although 
the  degree  of  intensity  varies  in  different  areas ;  that  it  dominates  all 
other  pathologic  phenomena  when  once  it  has  become  fully  developed ; 
and  that  it  may  be  the  starting-point  of  various  other  severe  morbid 
processes.  It  is  owing  to  the  second  peculiarity  that  the  disease  is 
regarded  as  an  independent  and  well-defined  entity,  and  the  term 
primary  emphysema  is  justifiable.  The  tendency  to  involve  the 
entire  pulmonary  area  would  justify  the  term  diffuse  emphysema, 
which  is  also  sometimes  used  in  contradistinction  to  partial  emphy- 
sema. 

In  adcUtion  to  primary  emphysema,  there  are  other  forms  accom- 
panying severe  alterations  in  the  lungs,  which  at  once  reveal  them- 
selves as  essential  morbid  conditions  and  in  which  the  emphysema  is 
accordingly  recognized  and  described  as  secondary  from  the  outset. 
These  forms  are,  as  a  rule,  partial,  so  that  secondary  and  partial 
emphysema  are  practically  used  indifferently,  although,  as  has  already 
been  said,  primary  emphysema  is  also  a  secondary  condition.  It  has 
therefore  become  a  matter  of  habit  to  distinguish  between  primary 
emphysema  and  secondary  or  partial  emphysema;  but  the  most 
popular  term  is  compensatory  emphysema,  the  idea  being  that  the 
contraction  and  injury  of  portions  of  the  lung  brought  about  by 
phthisis,  bronchiectasis,  pleurisy,  and  many  other  affections  is  com- 
pensated by  the  distention  of  previously  healthy  portions  of  the  organ 
which  occupy  the  vacuum  produced  by  the  contraction  of  the  dis- 
eased portions  and  vicariously  fulfil  their  functions.  We  shall  return 
to  this  point  later  on. 

Primary  and  compensatory  emphysema  together  form  a  sub- 
division known  as  vesicular  emphysema.  It  is  cUstinct  from  inter- 
stitial emphysema,  which  has  an  entirely  different  pathogenesis,  for 
the  air  escapes  from  the  air-passages  through  injuries  in  the  walls  and 
forces  its  way  into  the  lymph  channels  and  clefts  in  the  connective 
tissue  of  the  lung,  and  sometimes  even  further  into  the  mediastinum, 
and  into  the  tissues  of  the  body.  A  short  section  will  be  devoted  to 
the  cUscussion  of  this  form. 

We  owe  om-  knowledge  of  emphysema  to  Laennec,  who  described 
the  cUsease  and  pointed  out  its  characteristic  symptoms,  and  who 
also  advanced  a  theory  in  regard  to  its  pathogenesis.  Laennec  was 
followed  by  Andral,  Bouillaud,  Louis,  Lombard,  and  Woillez,  who 
completed  the  symptomatology  and  morbid  anatomy  as  far  as  clinical 
methods  current  in  their  time  made  it  possible.  Gavarret,  Bonders, 
Jenner  [Gairdner. — Ed.],  Skoda,  and  Hutchinson  added  their  quota 
to  the  common  stock  of  knowledge,  which  has  been  still  more  extended 
by  the  numerous  modern  authors  whose  names  will  be  quoted  in  the 
following  pages. 
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When  the  thorax,  which  in  pronounced  cases  of  emphysema  pre- 
sents a  characteristic  form  (see  Symptomatology),  is  opened,  the 
hing,  instead  of  being  collapsed,  is  found  protruded;  it  appears  dis- 
tended with  air;  the  edges,  which  normally  are  sharply  defined  at  the 
mecUastinum  and  diaphragm,  are  rounded  and  in  contact  in  front 
from  side  to  side,  while  the  pericardial  sac  is  almost  or  completely 
covered.    The  diaphragm  is  lower  than  in  a  normal  subject. 

After  removal  the  Imig  appears  enlarged,  has  a  peculiar  cushiony 
feel  C' feather-pillow"),  the  surface  is  pale  and  often  marked  ^^ith 
peculiar  stripes  of  pigment.  On  closer  examination  the  alveoli  are 
recognized  as  minute  vesicles  distinctly  ^dsible  mth  the  naked  eye. 
In  many  cases  the  size  of  the  ah'eoli  is  considerable,  and  emphy- 
sematous bullee  the  size  of  a  pigeon's  egg  have  been  observed.  Bullae 
of  this  magnitude  are,  as  a  rule,  isolated,  or  two  or  three  of  them 
together  form  a  conspicuous  group.  Their  commonest  seat  is  on  the 
anterior  margin  of  the  lung,  and  they  there  appear  even  pedunculated 
or  constricted.  They  do  not  always  collapse  when  cut  with,  a  knife, 
because  the  walls  are  tliickened  and  rigid.  When  a  lung  possesses 
numerous  bullae  of  this  kind,  as  happens  in  exceptional  cases,  the 
term  "batrachian  limg''  is  sometimes  used. 

Vesicles  the  size  of  the  head  of  a  pin  and  over  are  always  formed 
by  the  coalescence  of  a  number  of  distended  alveoU  and  passages 
leading  from  infundibula.  The  areas  where  the  vesicles  are  most 
perfectly  developed  are  usually  conspicuous  by  the  absence  of  pig- 
ment. 

Diffuse  emphysema  never  involves  all  portions  of  the  lung  to  the 
same  degree.  Although  in  pronounced  cases  every  portion  of  the 
pulmonary  area  is  involved,  the  distention  of  the  alveoh  is  always 
greatest  at  the  margins  and  at  the  apex.  Next  in  order  of  involve- 
ment is  the  surface,  while  the  interior  portions  resist  longest  and  show 
the  least  amount  of  pathologic  change.  It  is  also  stated  that  emphy- 
sema is  usually  more  extensive  on  the  left,  than  on  the  right  side; 
and  that  the  base,  especially  of  the  right  side,  is  more  extensiA'ely 
involved,  perhaps  on  account  of  the  absence  of  the  counterpressure 
of  the  liver  on  that  side. 

At  all  events,  the  apex  and  the  anterior  border  of  both  lungs  are 
to  be  regarded  as  the  seats  of  predilection.  There  are,  however, 
many  exceptions.  Emphysema  may  be  confined  to  one  limg;  in 
such  a  case  the  diseased  lung  only  is  enlarged,  and  causes  displace- 
ment of  the  heart  and  mediastinum  toward  the  other  side ;  in  other 
cases  the  emphj'sema  is  confined  to  a  single  lobe.  Again,  the  picture 
may  be  modified  by  the  resistance  of  neighboring  structures.     A  good 

17 


258  EMPHYSEMA. 

many  interesting  things  still  remain  to  be  discovered  by  some  careful 
observer,  but  up  to  the  present  time  little  attention  has  been  devoted 
to  such  refinements;  indeed,  the  study  of  the  whole  subject  of  emphy- 
sema has  been  much  neglected.  Primary  or  diffuse  emphysema 
merges  into  compensatory  or  partial  emphysema  by  numerous  grada- 
tions— there  is  no  sharp  di\'iding-line  between  the  two  forms.  This 
is  necessarily  the  case  in  practice.  When  the  independent,  char- 
acteristic features  of  emphysema  begin  to  fade,  and  other  symptoms 
assume  greater  prominence,  the  condition  ceases  to  be  described  as 
emphysema,  or  emphysema  is  recognized  merely  as  a  concomitant 
phenomenon. 

A  senile  emphysematous  lung  is  distinguished  by  the  fact  that  it 
appears  contracted  instead  of  enlarged,  because  it  is  frequently  due 
chiefly  to  atrophic  processes.  Accordingly  senile  emphysema  has 
been  described  as  a  separate  cUsease,  distinct  from  ordinary  primary 
emphysema. 

The  emphysematous  limg  has  been  made  the  subject  of  numerous 
microscopic  examinations.  The  most  conspicuous  feature  is  the  en- 
largement of  the  alveoli  and  the  atrophy  of  the  septa  which  separate 
them.  The  latter  may  disappear  altogether,  so  that  several  alveoli 
coalesce  to  form  a  single  cavity;  the  boundary-line  between  alveoli 
and  infundibuli  becomes  quite  indistinct  and  it  is  impossible  to  tell 
where  the  former  begin  and.  the  latter  end.  While  one  observer  de- 
scribes a  structure  as  an  alveolar  space,  another  one  will  perhaps 
call  it  an  infundibulum.  Perforations  appear  in  the  walls  that  sepa- 
rate the  infuncUbuli  from  the  alveoli,  and,  indeed,  the  walls  ma}^ 
disappear  altogether  in  severe  cases. 

The  discovery  that  a  healthy  lung  possesses  in  the  walls  of  its 
alveoli  stomata  which  establish  a  communication  between  them  is  of 
some  importance  in  connection  mth  the  pathogenesis  of  these  perfora- 
tions. These  pore-canals,  which  were  first  observed  by  Kohn  and 
later  by  Hauser,*  who,  again,  showed  them  to  be  normal  structures, 
and  finally  demonstrated  by  Hansemannt  by  means  of  injections, 
were  recognized  by  numerous  later  authorities,  so  that  their  existence 
is  now  no  longer  a  subject  of  controversy.  The  openings  in  the  septa 
that  have  long  been  known  to  exist  in  emphj^sematous  lungs  |  are 
now  regarded  by  the  authors  as  enlargements  of  alread}^  existing 
pore-canals,  although  it  is  possible  that  some  of  them  may  have  been 
produced  directly  by  some  disease  of  the  tissues. 

The  blood-vessels  have  been  studied  in  a  variety  of  ways.  Isaak- 
sohn§  appears  to  be  the  first  who  worked  with  the  injection  method. 
In  the  normal  state  the  wall  of  the  alveoli  is  covered  b}^  a  dense, 
tortuous   capillary  network  which  extends  into  the  lumen  of  the 

*  Ziegler's  Beitrage,  vol.  xv,  "  Ueber  die  Entstehung  des  fibrinosen  Exsu- 
dates." 

f  Berliner  klin.  Wochenschrift,  1899. 

t  Ruysch,  "  Minima  quaedam  foraminula  per  interiorem  faciem  hiantia." 

§  Virchow's  Archiv,  vol.  liii. 
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alveolus.  In  emphysema  the  capillaries  are  confined  to  the  surface 
of  the  alveolar  walls;  the  tortuosity  (lisai)pears;  and  in  places  the 
capillaries  are  not  even  permeable  for  the  injection  material,  a  granular 
mass,  the  remains  of  thrombus  formations,  occluding  the  lumen. 
The  production  of  these  thrombi  is  declared  by  Isaaksohn  to  be  due 
to  chang-es  that  begin  in  the  endothelium  of  the  capillaries.  The 
characteristic  boundary-lines  of  the  endothelial  cells  no  longer  appear 
when  the  tissue  is  injected  with  a  silver  solution ;  in  places  the  walls 
are  rough  and  granular,  and  covered  with  white  blood-cells  which 
become  adherent  to  them  and  form  the  starting-point  for  the  occlu- 
sion that  develops  subsequenth'.  All  authors  agree  in  describing  a 
dilatation  of  the  capillary  loops,  with  elongation  and  attenuation  of 
the  capillaries,  either  because  the}^  regard  such  a  change  as  the  neces- 
sary result  of  the  dilatation  of  the  alveoli,  or  because  they  have  di- 
rectly observed  it  in  the  specimens.  Among  the  latter  are  Eppinger, 
and  Ivlaesi,  who  sa^'s:  ''The  atrophy  of  the  capillaries  is  secondary  to 
degeneration  of  the  epithehum.  The  capillaries  lose  their  support 
and  are  more  exposed  to  traction  and  other  injuries  consequent  upon 
the  increased  pressure  and  distention  of  the  alveoli,  because  they  are 
held  fast  only  by  a  very  thin  membrane.  The  traction  and  distention 
on  the  capillaries  tend  to  reduce  the  lunien  to  a  minimum.  In  the  end 
the  constricted  lumen,  wliich  for  some  time  has  been  impermeable 
to  morphologic  elements,  becomes  interrupted,  the  walls  come  in  con- 
tact vitli  one  another,  degenerate,  and  disappear."  He  evidently 
saw  no  thrombus  such  as  Isaaksohn  describes,  and  refuses  to  admit 
a  capillary  thrombosis.  Eppinger  speaks  of  cUstention  and  attenua- 
tion of  the  vessels,  and  states  that  they  are  already  obliterated  at  the 
central  point.  He  assumes  that  the  vessel  becomes  torn  and  leaves 
a  small  stump  on  each  side  of  the  point  of  division.  The  laceration 
of  the  vessels,  he  sa5^s,  is  sometimes,  although  rarely,  accompanied 
b}'  the  production  of  small  hemorrhages,  because  by  the  time  ulcera- 
tion takes  place  the  vessels  have  already  become  obliterated  to  a 
great  extent.  He  failed  to  see  thrombi  and  does  not  beheve  that  they 
are  produced,  on  the  ground  that  the  cUstention  of  the  vessels  takes 
place  very  gradually. 

In  ^iew  of  the  intrinsic  importance  of  the  behavior  of  the  pul- 
monary capillaries,  a  reproduction  of  the  excellent  preparations  by 
Isaaksohn  in  "Virchow's  Archiv"  are  here  given  (Fig.  11).  One  of 
the  pictures  represents  an  injected  specimen  of  the  capillaries  of  a 
normal  alveolus;  the  other  shows  the  extreme  degree  of  atrophy 
.observed  in  the  vessels  as  the  result  of  emphysema.  Since  the  vesicu- 
lar network  of  the  pulmonary  capillaries  e\dclently  becomes  con- 
stricted, and  the  meshes  are  mdened  out  so  that  less  blood  passes 
than  pre^dously,  the  nimiber  of  red  blood-corpuscles  that  take  up 
ox3"gen  is  more  and  more  restricted  and  the  breathing  is  necessarily 
impaired.  The  questions  naturally  suggest  themselves :  Is  there  dis- 
turbance in  the  minor  circulation?  Is  there  no  obstacle  to  the  action 
of  the  right  heart?    These  questions  have  often  been  answered  in  the 
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affirmative,  and  it  has  been  thought  that  a  congestion  takes  place 
which  explains  the  hypertrophy  of  the  right  ventricle.  There  is  no 
question  that  nature  even  in  this  condition  finds  a  way  to  bring  about 
compensation.  If  the  blood  is  unable  to  pass  in  sufficient  quantity 
through  the  alveolar  capillaries,  it  forces  its  way  through  accessory 
channels,  such  as  exist  to  a  limited  extent  even  under  normal  condi- 
tions, and  under  the  influence  of  the  sudden  necessity  become  en- 
larged and  assume  a  greater  functional  importance.  Rindfleisch 
mentions  such  accessory  channels.  No  exact  investigations  on  the 
subject  are,  however,  extant.  But  in  any  case  it  offends  my  notions 
of  biolog}^  to  assume  that  an  important  vascular  region  should  simply 
become  diminished  in  size.  The  circulation  unquestionably  under- 
goes profound  changes ;  new  communications  are  opened  up ;  but  can 
this  be  regarded  as  an  abnormal  process,  sufficient  to  account  for  the 
constant  development  of  hypertrophy  of  the  right  ventricle?  I  must 
confess  that  I  am  loath  to  accept  such  a  theory.  Compensatory 
changes  of  this  kind,  requiring  a  long  period  of  time  for  their  com- 
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pletion,  do  not  imply  an}^  great  expenditure  of  effort  at  any  given 
moment.  It  has  to  be  borne  in  mind  that  the  capacity  of  the  right 
ventricle  is  adjusted  to  a  flexible  amount  of  work,  and  that  even 
under  normal  concUtions  the  variations  are  considerable.  But  in 
time  of  disease,  when  man  is  warned  and  ei^en  compelled  by  nature 
to  economize  his  strength,  is  it  to  be  thought  that  the  work  of  the 
right  ventricle  is  increased  to  such  an  extent  as  to  produce  a  per- 
manent hypertrophy?  I  do  not  believe  that  the  matter  is  as  simple 
as  all  this.  I  am  more  inclined  to  ascribe  the  hypertrophy  of  the 
right  ventricle,  in  large  part  at  least,  to  the  diminished  aspirating 
power  (negative  pressure)  of  the  lung.  This  aspirating  power  di- 
minishes with  the  elasticity,  and  materially  assists  the  onward  move- 
ment of  the  blood  as  it  becomes  more  and  more  feeble.  A  permanent 
and  material  increase  of  work  is  thus  thrown  upon  the  heart,  and  I 
incline  to  lay  much  greater  weight  on  this  event  than  on  the  dis- 
appearance of  the  capillaries. 
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The  distention  of  the  alveoli  is,  of  course,  accompanied  by  changes 
in  the  endollK^liuin,  which  un(l('r<2;o(>s  fatty  de^cnoration  and  pig- 
mentary inlilt ration.  In  this  connection  the  (juestion  of  tlie  ncjrmal 
condition  of  the  alveolar  epithelium  has  become  the  subject  of  a 
heated  dispute  among  the  authorities.  It  is  now  admitted  that 
under  normal  conditions  the  alveoli  possess  a  continuous  epithelium 
consisting  in  ])art  of  largo  nuclear  cells  without  protoplasm,  and  in 
part  of  small  protoplasmic  cells — so-called  fission  cells  (Spaltzellen). 
In  emphysema,  however,  the  epithelium  in  the  intervals  between  the 
capillary  loops  is  interrupted,  and  may  even  be  totalh'  destroyed. 

Biermer  asserts  that  tlie  epithelial  cells  undergo  fatty  degenera- 
tion. Klaesi*  found  a  multiplication  cjf  the  cells  and  saw  signs  of 
segmentation.  He  concludes  from  numerous  preparations  that  the 
epithelial  cells  suffer  a  loss  of  their  cement  substance,  become  sepa- 
rated from  one  another,  detach  themselves  from  the  capillary  wall, 
antl  finally  degenerate  into  granular  masses.  He  insists  that  the 
capillaries  at  first  remain  intact,  and  that  the  disappearance  of  the 
capillaries  is  completed  only  after  the  degeneration  of  the  epithelium 
has  taken  place.  Eppinger,  while  unable  to  demonstrate  that  the 
epithelial  cells  became  detached  from  the  capillar}-  walls,  speaks  of 
cUsplacement  or  overlapping  and  fatty  degeneration. 

AccorcUng  to  Rindfleisch,  the  smooth  muscle-fibers  found  in  con- 
siderable numbers  in  the  walls  of  the  infundibula  undergo  hyper- 
trophy and  form  bundles  of  considerable  size.  The  alveoli  do  not 
contain  smooth  muscle-fibers.  If  such  have  been  described,  it  is 
probably  because  connective-tissue  nuclei  in  the  stroma  were  mis- 
taken for  them.  Klaesi  failed  to  find  them  in  the  walls  and  in  the 
trabeculse  of  emphysematous  bullae.  The  connective  tissue  of  the 
alveoli  is  universally  described  as  atrophic ;  it  evidently  shares  in  the 
pathologic  process  to  the  same  extent  as  the  rest  of  the  tissue.  Klaesi 
found  specimens  in  which  the  connective-tissue  was  granular  and 
pierced  by  clefts;  Rainey  distinctly  speaks  of  fatty  degeneration. 
The  proliferation  of  connective  tissue  about  the  blood-vessels,  which 
was  assumed  by  Klob  to  take  place,  was  not  observed  by  any  other 
investigator.  Eppinger  says  it  is  always  atrophic  and  in  part 
undergoes  fatty  degeneration,  as  may  be  inferred  from  the  granular 
nature  of  the  ground-substance  surrounding  the  gaps  in  the  tissue. 
The  same  author,  however,  describes  hypertrophy  in  the  interstitial 
connective  tissue. 

Considerable  interest  has  been  aroused  by  the  nuclei  of  the  con- 
nective-tissue cells  (the  so-called  stroma  nuclei).  In  Germany  Wag- 
ner t  and  his  disciple  0.  Bayer  J  are  at  present  engaged  on  the  investi- 
gation of  this  question.  The  latter  was  able  to  con\dnce  himself  that 
the  number  of  these  nuclei  is  not,  as  a  rule,  increased.  In  France  no 
less  an  authority  than  Villemin§  has  devoted  his  time  to  this  study. 

*  Virchow's  Archiv,  vol.  civ. 

fUhle  and  Wagner,  "  Handbuch  der  allgemeinen  Pathologie." 

J  Archiv  der  Heilkunde,  xi,  p.  360.  §  Archives  gcnerales,  1866,  ii,  p.  566. 
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The  nuclei,  according  to  his  observations,  hypertrophy  to  such  a 
degree  as  to  compress  the  capillaries.  The  latter  then  undergo  fatty 
degeneration,  break  down,  and  are  finally  converted  into  sputum. 
It  is  to  the  loss  of  the  capillaries  that  he  attributes  the  openings  that 
we  now  believe  to  be  due  to  the  pore-canals. 

Klaesi  regards  these  connective-tissue  nuclei  as  lymph-corpuscles, 
and  states  that  they  sometimes  congregate  to  form  large  masses;  in 
addition  to  these  lymph-cells  he  also  saw  a  few  smaller,  almost  homo- 
geneous, structures.  He  regards  these  as  the  nuclei  of  the  ground- 
substance.  Biermer  suggests  that  Villemin  was  deceived  by  epi- 
thelial nuclei. 

A  similar  diversity  of  opinion  exists  in  regard  to  the  elastic  fibers 
of  the  emphysematous  lung.  Since  the  elasticity  of  the  lung  is  evi- 
dently diminished,  it  seems  only  natural  to  expect  to  find  marked 
changes  in  the  elastic  fibers.  Eppinger  devoted  considerable  time 
to  this  subject,  and  found  that  the  coarser  fibers  of  the  alveoli  are 
forced  apart  and  greatly  reduced  in  size,  while  the  finer  ones  dis- 
appear in  many  places.  In  advanced  stages  he  discovered  lacerated 
and  split  elastic  fibers  in  the  alveoli,  a  finding  that  has  been  confirmed, 
especially  by  French  authors.  Marfan,  in  liis  "Traite  de  medecine," 
volume  IV,  page  448,  has  an  illustration  of  a  bundle  of  lacerated 
elastic  fibers  coiled  up  in  the  shape  of  a  corkscrew. 

The  laceration  of  delicate  elastic  fibers  is  regarded  by  Eppinger  as 
the  cause  of  the  formation  of  minute  clefts  in  the  midst  of  the  inter- 
capillary  spaces,  which  are  bounded  by  a  small  amount  of  ground- 
substance  or  directly  by  a  mesh  of  the  capillary  network.  The  larger, 
secondary  clefts  are  bounded  by  numerous  capillaries  giving  off 
small  branch-like  processes  which  project  into  the  cleft  and  end 
blindly.  They  are  probably  torn  capillary  vessels.  Eppinger  was 
not  acquainted  with  the  normal  pores  that  exist  between  the  alveoli, 
and  it  is  probable  that  some  of  these  at  least,  in  a  dilated  condition, 
correspond  to  his  clefts.  It  is  not  impossible,  however,  for  clefts  to 
be  produced  in  other  places,  independently  of  the  pores. 

German  authorities  that  followed  Eppinger  failed  to  confirm  the 
presence  of  split  elastic  fibers ;  Klaesi  sought  for  them  in  vain.  The 
latter  is  not  inclined  to  admit  a  true  atrophy  of  this  extremely  re- 
sistant tissue,  and  believes,  rather,  that  there  is  an  overlapping  and 
displacement  of  the  fibers  which  might  simulate  atrophy.  On  the 
other  hand,  a  number  of  authors  speak  of  the  disappearance  of  the 
elastic  tissue,  as,  for  example,  Birch-Hirschfeld,*  while  Ribbert  f 
does  not  share  this  view,  believing  that  elastic  fibers  can  readily  be 
demonstrated  in  every  portion  of  the  emphysematous  tissue.  But 
this  guarded  statement  tells  us  no  more  than  that  he  does  not  con- 
sider the  question  settled.  The  latter  opinion  is  evidently  shared  by 
Hansemann,  who  recently  inspired  his  disciple  Sudsuki  J  to  prepare 

*  "  Lehrbuch  der  pathologischen  Anatomie,"  vol.  ii. 
t  "Lehrbuch  der  pathologischen  Histologie." 
%  Virchow's  Archiv,  vol.  clvii,  p.  438. 
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another  arbeit  on  the  elastic  fibers  in  emphysema.  As  a  result  of 
his  investif^ations  Siulsiiki  finds  that  there  is  neither  a  qualitative 
nor  a  quantitative  diminution  in  the  development  of  the  elastic  fibers, 
and  that  they  do  not  disappear  any  earlier  than  the  other  tissue  elements 
in  this  disease.  The}'  therefore  simply  suffer  along  with  the  rest  of 
the  tissue.  He  disagrees  with  Eppinger  emphatically,  and  believes 
that  the  split  elastic  fibers  described  by  the  latter  depend  on  an  error 
in  observation.  In  compliance  with  my  request,  Professor  Spalteholz, 
who  formerly  de^^oted  a  good  deal  of  time  to  the  various  methods  of 
staining  elastic  fibers,  has  had  a  number  of  specimens  from  a  casQ 
of  severe  emphj^sema  prepared  according  to  the  newest  staining 
methods  (Weigert's  and  Spalteholz 's  own  methods).  In  these  prepa- 
rations he  was  unable  to  demonstrate  the  presence  of  lacerated  or 
split  elastic  fibers.  The  differences  noted  on  comparing  the  speci- 
mens with  a  normal  lung  were  not  conspicuous,  and  can  be  perfectly 
well  explained  by  a  different  degree  of  distention  of  the  pulmonary 
tissue  at  the  time  of  fixation. 

The  absence  of  pigment  from  the  emph3^sematous  portions  of  the 
lungs  is  admitted  by  all  the  authorities;  no  exact  investigations  of 
tliis  point  have,  however,  been  made.  Grawitz  relates  that  in  his 
case  of  hydropic  emphysema  the  pigment  was  washed  out  of  the 
greatly  dilated  lymph  channels  of  the  connective  tissue;  and  that  in 
inflammator}'  and  atrophic  emphysema  the  pigment,  after  the  con- 
nective tissue  has  been  converted  into  cells,  passes  along  with  the 
latter  into  the  lymph  channels  and  is  thus  carried  off. 

The  differences  in  the  morbid  anatomy  of  senile  or  atrophic  em- 
physema and  ordinary  emphysema  depend  on  the  uniform  contrac- 
tion of  the  lung  (small-lunged  emphysema  of  Jenner).  It  is  also  a 
diffuse  emphysema  involving  both  lungs.  Absence  of  pigment  is  the 
rule,  but  cases  also  occur  that  are  characterized  by  enormous  de- 
posits of  pigment.     The  smaller  bronchi  are  regularly  dilated. 

ETIOLOGY. 

The  first  thing  that  strikes  the  observer  when  he  examines  an 
emphysematous  lung  is  the  failure  of  the  organ  to  contract  as  in 
health.  'V\Tien  the  thorax  is  opened,  the  lung  retains  its  distended 
condition,  while  a  healthy  lung  collapses.  It  is  evident  that  the 
elastic  tissue  has  lost  the  requisite  strength  to  regain  the  normal 
volume.  This  absence  of  elasticity,  which  forces  itself  on  the  atten- 
tion at  the  autopsy  table,  has  been  regarded  as  the  basal  cause  of  the 
disease.  The  first  question  that  is  asked  in  the  inquir}'^  after  the 
cause  of  emphysema  is,  T\liy  do  the  lungs  lose  their  normal  elasticity? 
If  a  rubber  band  is  stretched  too  long,  and  beyond  a  certain  degree, 
it  gradually  loses  the  power  to  regain  its  original  A'olume ;  and,  apply- 
ing this  experiment  to  the  Imigs,  it  is  concluded  that  frequent  and 
excessive  distention  is  the  cause  of  emphysema.  This  argument, 
while  simple  enough,  is  anything  but  convincing.     It  is  quite  evident 
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that  emphysema  might  be  produced  in  this  way,  but  there  is  nothing 
to  prove  that  it  must  be  so  produced.  If  the  elastic  fibers  are  injured 
by  any  cause,  they  lose  their  normal  degree  of  elasticity.  It  is  not 
at  all  necessary  that  the  injury  should  be  produced  by  overdistention  ; 
furthermore,  it  is  an  arbitrary  assumption  to  say  that  the  injury  of 
the  elastic  fibers  is  primary.  Although  it  cannot  be  denied  that  it  is 
a  necessary  factor  in  the  development  of  emphysema,  that  does  not 
prove  that  it  is  the  primary  factor.  In  attempting  to  define  the 
causes  of  emphysema  it  is  therefore  incorrect  to  investigate  exclu- 
sively the  cause  of  the  loss  of  elasticity.  I  prefer  for  the  present  to 
view  the  matter  from  a  clinical  standpoint,  and  therefore  inquire 
under  what  conditions  emphysema,  the  disease  with  which  we  are 
now  dealing,  develops. 

Emphysema  has  been  designated  a  hereditary  disease,  and  writers 
have  indulged  in  a  great  variet}^  of  speculations  on  this  point.  The 
family  histories  have  been  ransacked,  and  it  has  been  found  that  in 
the  case  of  more  than  50%  of  emphysematous  subjects  emphysema 
could  also  be  found  in  the  parents  (I  purposely  avoid  the  word  demon- 
strated). Jackson*  instituted  a  comparison  between  28  emphyse- 
matous subjects  and  50  non-emphysematous  subjects;  in  the  case 
of  the  former  he  found  20,  in  the  case  of  the  latter  3  emphysematous 
relatives  in  the  preceding  generation.  These  statistics  do  not,  of 
course,  bear  criticism,  but  there  is  no  harm  in  quoting  them. 

It  has  also  been  pointed  out  that  emphysema  is  not  the  only 
condition  to  be  looked  for  in  the  preceding  generation,  and  that  chronic 
rheumatism,  gout,  obesit}^,  hemorrhoids,  gravel  disease,  nervousness, 
are  to  be  considered  as  hereditary  factors  capable  of  determining  a 
more  or  less  pronounced  predisposition  to  emphysema.  But  no 
causal  relationship  between  the  diseases  enumerated  and  emphysema 
has  ever  been  demonstrated.  It  is  e^ddent  that  speculations  of  this 
kind  only  tend  to  confuse  by  seducing  the  speculator  into  the  pleasant 
realm  of  high-sounding  phrases,  which  courtesy  demands  shall  be 
accorded  the  euphemistic  name  of  scientific  hypotheses.  Such  specu- 
lations merely  show  that  children  of  health}^  parents  have  better 
prospects  of  remaining  healthy  than  the  children  of  unhealthy  parents, 
a  result  that  can  be  arrived  at  without  any  very  profound  investi- 
gations. 

In  examining  the  literature,  occasional  case-histories  are  met  in 
•which  the  physician  noted  an  astonishing  number  of  cases  of  em- 
physema in  the  same  family,  and  the  assumption  of  hereditary  pre- 
disposition is  largely  based  on  observations  of  this  kind;  but  as  a 
matter  of  fact  they  are  relativel}^  infrequent.  The  hereditary  factor 
carmot  be  regarded  as  playing  an  important  role.f 

It  may  be  assumed  that  the  elastic  tissue  possesses  greater  firmness  in 
some  lungs  than  in  others,  and  the  latter  may  be  considered  to  possess 

*  Waters,  Archives  generales,  1864,  vol.  ii,  594. 

t  Hertz  in  Ziemssen's  "  Handbuch" ;  Schnitzler, ibidem.  Schmidtlein,  "Deutsche 
Klinik,"  1S64,  p.  214,  and  other  authors. 
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a  predisposition  to  emphysema.  For  example,  we  may  indulge  in  the 
general  statement  that  an  infantile  lung,  owing  to  its  more  delicate 
structure,  is  more  likely  to  become  emphysematous  under  the  influence 
of  appropriate  injuries  than  are  the  lungs  of  a  more  vigorous  period  of 
hfe.  But,  on  the  other  hand,  it  possesses  the  advantage  of  all  infantile 
organs  in  the  greater  tendency  to  recovery  from  disease;  and,  as  a 
matter  of  fact,  acute  emphysema  following  whooping-cough  or  diph- 
theria often  ends  in  complete  recovery.  In  later  periods  of  life — beyond 
the  tliirty-fifth  year — the  constantly  increasing  debility  and  cUminished 
tendency  to  reco^'ery  characteristic  of  old  age  make  themselves  felt 
more  and  more.  These  things  are  all  perfectly  simple,  and  neces- 
sarily follow  from  the  nature  of  things,  and  have  not  as  yet  been 
shown  by  scientific  investigation  to  ha\'e  any  special  bearing  on  em- 
physema. Nevertheless  they  are,  accorcUng  to  the  present  state  of 
knowledge,  sufficiently  well  established  a  jmori  to  be  worthy  of  accept- 
ance as  long  as  notliing  is  brought  forward  to  o\'erthrow  them.  So 
far  as  is  now  kno\^Ti,  there  is  no  disease  that  needs  to  be  especially 
looked  for  in  the  parents  except  emphysema  itself.  An  exception 
might  be  made  in  favor  of  gout*  (see  mider  CompUcations).  Cases 
of  cUrect  herecUty  might  be  cited;  but  we  must  repeat  that  there  is  a 
dearth  of  well-authenticated  observations  bearing  on  the  question. 

The  next  etiologic  factor  after  heredity  is  the  age.  During  the 
period  of  development  the  subject  is  more  susceptible  than  during 
middle  age,  because  the  tissue  elements  are  less  robust  and  possess  a 
lower  power  of  resistance.  Accordingly  a  rapid  or  even  sudden  de- 
velopment of  pulmonary  distention  is  not  infrequently  observed  in 
childhood  imder  the  influence  of  some  acute  injury;  but  true  chronic 
emphysema,  in  the  narrow  sense  of  the  word,  is  extremely  rare.  The 
great  elasticity  of  the  parts  and  their  power  of  metamorphosis  make 
recovery  possible  where  it  would  be  out  of  the  question  in  adults. 
Grenuine  chronic  emphysema  usually  does  not  occur  before  the  third 
decade,  and  after  that  becomes  more  and  more  frequent  as  age  ad- 
vances. Extreme  old  age  is  especially  precUsposed  to  emphysema, 
because  the  cartilages  often  become  rigid.  I  say  often  ad^isedIy, 
for  it  is  not  uncommon  to  observe  perfectly  normal  expansion  of  the 
thorax  in  men  between  sixty-five  and  seventy-five  years  of  age,  and 
at  the  autops}"  the  cartilages  may  be  found  entirely  free  from  calcifi- 
cation. To  regard  age  in  itself  as  the  cause  of  calcification  I  believe 
to  be  erroneoas;  but  the  injvu-iesthat  lead  to  calcification  in  many 
individuals  tend  to  accumulate  in  the  course  of  years,  so  that  calci- 
fication becomes  so  extreme  as  to  constitute  a  chstinct  obstacle  to  the 
movements  of  the  thorax.  When  this  concUtion  has  developed,  the 
thorax  is  imable  to  expand  properly  during  inspiration  or  to  collapse 
during  expiration,  and  an  extra  amount  of  work  is  thro\\ii  on  the 
diaphragm.  This  the  latter  is  undoubtedly  able  to  perform,  pro- 
v-iding  the  individual  does  not  attempt  to  exert  himself  as  much  as  a 
younger  man;  and  plenty  of  old  people  T^-ith  rigid  cartilages  are  quite 

*  Greenhow,  Lancet,  1867. 
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free  from  emphysema.  Freund's  theory  of  a  primary  disturbance  of 
nutrition  in  the  ribs  as  a  cause  of  emphysema  may  be  explained  in 
this  way;  and  there  is  no  need  to  set  up  an  idiopathic  disease  of  the 
costal  cartilage  as  a  cause  of  emphysema.  Cantani,  in  assuming  a 
specific  catarrh  as  the  cause  of  emphysema,  and  Freund,  in  erecting 
his  specific  ossification  of  the  ribs,  are  equally  extravagant;  but  the 
latter 's  explanation  of  the  condition  ought  not,  on  the  other  hand, 
to  be  condemned  altogether.  The  importance  of  the  elasticity  of  the 
thorax  in  the  act  of  respiration  has  been  too  much  neglected  in  favor 
of  the  more  apparent  and  more  easily  demonstrable  influence  of  the 
diaphragm;  but  of  that  later.  In  this  connection  a  paper  by  Hutt- 
krantz  *  strikes  me  as  very  interesting.  He  made  a  comparison  be- 
tween the  diaphragm  and  the  thorax  in  regard  to  their  respective 
shares  in  respiration  by  inclosing  the  lower  part  of  the  body  and  the 
trunk,  with  the  exception  of  the  head,  separately  in  an  air-tight  metal 
vessel  provided  with  a  water  manometer.  He  concludes  from  his 
experiments  that  of  the  490  cubic  centimeters  of  inspired  air,  320  are 
accounted  for  by  the  expansion  of  the  thorax,  and  170  by  the  depres- 
sion of  the  diaphragm.  The  influence  of  the  depression  of  the  dia- 
phragm, as  determined  by  this  method,  may,  it  is  true,  be  somewhat 
less  than  it  is  in  reality,  because  the  air  in  the  abdomen  suffers  com- 
pression at  each  inspiration,  but  in  spite  of  this  source  of  error  the 
experiments  clearly  demonstrate  the  great  importance  of  the  thoracic 
movements. 

When  the  thorax  has  lost  its  elasticity,  the  corresponding  amount 
of  space  is  lost;  for  the  elevation  which  the  inspiratory  muscles  are 
capable  of  bringing  about  can  only  be  utilized  by  the  movement  of 
the  diaphragm.  It  follows,  therefore,  that  any  disease  that  leads  to 
rigidity  of  the  thorax  must  bring  about  an  injury  of  this  kind.  Such 
a  disease  materially  interferes  with  the  expansion  of  the  upper  portion 
of  the  lung.  In  persons  with  a  tendency  to  arteriosclerosis  the  condi- 
tions for  calcification  of  the  costal  cartilages  are  especially  favorable, 
and  this  is  probably  the  reason  why  arteriosclerotic  subjects  are  so 
commonly  found  to  be  emphysematous.  The  arteriosclerosis  un- 
questionably also  affects  the  circulation,  but  it  would  be  wrong  to 
suppose  that  it  exerts  its  influence  only  through  that  channel.  Cir- 
culatory disturbances  manifestly  bring  about  unfavorable  conditions 
for  the  expansion  of  the  lungs.  The  suction-power  of  the  heart  is 
lowered,  the  movement  of  blood  in  the  capillaries  is  retarded,  a  ten- 
dency to  bronchial  catarrh  is  thus  encouraged,  and  injury  is  added  to 
injury,  with  the  result  of  senile  empM^sema.  The  latter  should  there- 
fore never  be  regarded  as  a  simple  senile  phenomenon  of  involution. 

A  sharp  line  of  distinction  is  often  drawn  between  senile  emphy- 
sema and  ordinary  chronic  emphysema,  and  the  former  is  frequently 
treated  as  a  distinct  disease.  As  a  matter  of  fact,  however,  ordinary 
emphysema  very  often  gradually  merges  into  senile  emphysema  as 
*Med.  Centralhlatt,  1890,  p.  226. 
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the  intlix'idual  o-rows  older.  The  two  forms  cannot  be  strictly  dif- 
ferentiated. 

The  next  etiologic  factor  is  th(>  sex.  A  general  impression  pre- 
vails that  emph}-senia  is  more  frequent  in  men  than  in  women.* 
The  difference  is  readily  understood,  as  men  are  much  more  engaged 
in  occupations  that  predispose  to  catarrh,  and  the  great  majority  of 
them  are  addicted  to  the  abuse  of  alcohol,  which,  in  turn,  by  weak- 
ening the  heart,  leads  to  disturbances  in  the  lungs  and  brings  about 
chronic  hyperemia  of  the  bronchi. 

Occupation. — ^The  occupations  most  to  be  dreaded  are  those  that 
favor  the  de^'elopment  of  chronic  bronchitis  through  the  inhalation 
of  dust,  or  even  produce  seA'ere  inflammatory  disturbances.  (See 
Pneumonokoniosis.)  In  the  second  place,  occupations  necessitating 
repeated  and  excessive  exertion  of  the  lungs  with  an  increase  of  air- 
pressure.  Among  the  latter  the  most  important  is  the  playing  of 
wind-instruments,  because  the  free  circulation  of  the  air  is  interfered 
■\^dth  by  the  obstacle  applied  to  the  mouth.  It  is  to  be  noted,  how- 
ever, that  it  is  possible  with  care  to  play  a  wind-instrument  in  such  a 
way  as  not  to  injure  the  lungs,  and  our  orchestras  contain  plenty  of 
perfectly  somid  cornet  players.  Of  coiu-se,  these  men  must  be  careful 
not  to  overtax  their  kmgs  and  not  to  begin  playing  with  their  accus- 
tomed ^dgor  too  soon  after  a  deb.ilitating  disease.  It  is  not  difficult 
to  understand  the  case  of  the  trumpeter  who  developed  emphysema 
of  an  entire  limg  which  had  previous^  been  infiltrated  with  pneu- 
monia. The  same,  conditions  are  foimd  among  glass-blowers  and 
plumbers  who  use  the  blow-pipe.  An  expert  blower  who  is  other- 
wise healthy  can  follow^  his  trade  without  injury  to  his  health. 

As  a  curiosity  it  may  be  mentioned  that  the  raising  of  heaAy 
weights,  the  effort  incident  to  labor  and  to  defecation,  violent  exer- 
cises mth  the  arms,  or  even  a  sedentary  mocle  of  life,  and,  finally, 
singing  (!)  have  been  regarded  as  predisposing  factors.  There  is 
no  doubt  that  under  especially  unfavorable  conditions  they  might 
all  exert  an  injurious  influence,  but  to  ^dndic^te  such  a  statement  the 
onset  and  the  duration  of  the  injury  must  be  accurately  determined 
and  investigated.  In  the  cases  in  which  I  have  foimd  causes  of  this 
kind  cited,  it  appeared  to  have  been  done  either  for  the  sake  of  saying 
something,  or  it  was  as  a  mere  subterfuge  on  the  part  of  untrustworthy 
individuals  who  wished  to  hide  the  true  cause — namely,  their  fondness 
for  drink.  Nevertheless  they  are  religiously  noted  down  in  the  text- 
books. 

Among  actual  diseases,  bronchitis  and  asthma  occupy  the  first 
place;  and  all  diseases  of  the  air-passages  that  lead  to  bronchitis  and 
asthma  are  also  mentioned  as  predisposing  factors.  Bronchial  catarrh 
with  watery,  mucopurulent  sputiun  that  is  easily  coughed  up,  is 
regarded  by  Traube  as  a  distinct  exception ;  such  a  condition  is  pos- 
sible, but  its  occurrence  is  not  proved  by  reliable  case-histories. 

As  a  rule,  the  consistency  of  the  secretion  in  chronic  catarrh  is 

*  Hertz  gives  the  proportion  of  incidence  as  147  in  men  to  42  in  women. 
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very  variable;  sometimes  it  is  watery  and  easily  expectorated,  at 
other  times  it  is  tough  and  requires  more  and  more  violent  cough  for 
its  removal.  Cases  of  acute  bronchorrhea  occur  only  in  bronchi- 
ectasis and  putrid  bronchitis.  If  there  is  bronchitis,  other  pathologic 
changes  are  present,  which,  again,  may  predispose  to  emphysema. 
The  conditions  then  become  extremely  complicated. 

Traube*  insists  that  two  forms  should  be  distinguished :  ''A  diffuse 
form  of  catarrh  with  homogeneous  nmcopurulent,  nummular,  floating 
expectoration,  characterized  by  the  auscultatory  phenomena  of 
coarse,  bubbling  rales  in  the  postero-inferior  portions  of  the  thorax, 
does  not  predispose  to  emph3^sema  no  matter  how  great  the  dyspnea 
associated  with  it. 

"On  the  other  hand,  it  cannot  be  denied  that  a  predisposition  to 
emphysema  resides  in  the  form  described  by  Laennec  as  dry  catarrh. 
In  this  affection.  .  .  .  (here  follows  a  description  of  asthmatic 
sputum  t).  The  auscultatory  sign  in  dry  catarrh  is  a  sibilant  rale, 
which  therefore  also  indicates  a  contraction  of  the  smallest  bronchi. 
During  the  act  of  coughing  a  condensation  of  air  takes  place  in  the 
entire  respiratory  tract,  and  wherever  the  smallest  bronchi  are  tem- 
porarily occluded  by  the  '  cylindric  corpuscles '  so  that  no  air  can 
enter,  extreme  distention  must  take  place,  and  thus  lead  to  dilatation 
of  the  portion  of  the  lung  supplied  by  these  bronchi. 

''In  many  cases  of  emphysema  small  atelectatic  areas  are  found, 
.which  are  not,  as  Rokitansky  assumes,  caused  by  compression  of  the 
pulmonary  tissue,  but  by  a  permanent  hermetic  closure  of  the  smallest 
bronchi.  In  cases  of  chronic  pulmonary  tuberculosis  the  sputum  often 
consists  of  villous  masses  containing  a  tangle  of  delicate  yellowish- 
white  threads.  In  these  cases  also  the  above-described  mechanism, 
resulting  in  the  production  of  emphysema  and  atelectasis,  is  mani- 
fested." 

The  distinguished  clinician,  in  harmony  with  the  opinions  preva- 
lent in  his  time,  made  many  assertions  that  we  have  ceased  to  admit 
at  the  present  day.  The  unfavorable  effect  of  cough  in  constriction 
and  occlusion  of  the  bronchi  is,  however,  as  true  to-day  as  it  was 
then;  it  is  also  true  that  certain  forms  of  bronchial  catarrh  do  not 
predispose  to  emphysema  at  all,  while  others,  especially  the  asthmatic 
forms,  do  predispose  to  emphysema  in  a  very  high  degree.  But  the 
forms  which  are  included  in  the  first  group  are  not  sufficiently  char- 
acterized by  describing  them  in  this  way.  It  is  impossible  to  set  up 
two  categories,  except  for  purposes  of  didactic  teaching.  As  a  matter 
of  fact,  there  are  a  thousand  gradations  and  innumerable  conditions, 
transitional  forms,  between  those  catarrhs  that  lead  to  emphysema 
and  those  that  do  not.  At  one  end  of  the  series  may  be  placed  asthma ; 
at  the  other,  bronchiectasis. 

Next  to  catarrh  are  all  those  diseases  that  tend  in  any  way  to 

*  "Ges.  Abhandlung,"  vol.  ii,  p.  980. 

t  One  of  the  earliest  references  to  the  spirals  is  here  found ;  Traube  calls  them 
"cylindric  corpuscles." 
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narrow  the  lumen  of  the  air-passagos.  Stenosis  in  this  connection 
must  bo  clearly  tlislinguisluMl  from  occluMon.  There  is  a  degree  of 
stenosis  that  practicall}-  amounts  to  occlusion.  If  this  stenosis  is  in 
the  large  air-passages,  a  general  emphysema  may  result.  This  occurs 
in  goiter;  in  the  presence  of  neoplasms;  ulcers;  compression;  cica- 
trization; disease  of  the  glands  in  the  trachea  and  main  bronchi; 
laryngeal  diseases  attendetl  with  stenosis  and  alterations  in  the  pha- 
rynx, such  as  enlarged  tonsils  and  the  presence  of  pharyngeal  tonsils. 
If  the  stenosis  is  situated  in  the  smaller  branches,  emphysema  will 
develop  only  in  those  portions  of  the  lungs  which  they  supply.  It 
would  l)e  a  mistake,  howe\'er,  to  assert  that  stenosis  in  itself  is  neces- 
sarily followed  by  emphysema.  In  addition  to  stenosis,  there  must 
be  some  concUtion  by  which  the  circulation  of  air  in  the  bronchial  tree 
suffers  some  special  interference.  This  ma}^  often  be  the  case,  but  is 
not  necessarily  always  the  case.     The  question  will  be  discussed  later. 

Since  it  must  be  accepted  as  a  well-established  fact  that  certain 
nasal  diseases,  such  as  exostosis  of  the  septum,  hypertrophy  of  the 
turbinates,  polypi,  and  hypertrophy  of  the  pharyngeal  tonsil,  predis- 
pose to  asthma,  it  is  equally  certain  that  the  same  conditions  may  lead 
to  distention  of  the  lungs,  and  ultimately  to  emphysema.  Sand- 
mann*  has  described  a  number  of  cases  in  w^hich  dilatation  of  the  lungs 
was  improved  or  even  disappeared  (?)  after  the  nasal  obstruction  had 
been  removed. 

Cervellof  experimented  on  dogs  by  sealing  up  the  nasal  orifices, 
and  observed  cUstention  of  the  lungs  after  a  few  days. 

Sticker 's|  theory  of  a  causal  connection  betw^een  atrophy,  or  dry 
catarrh  of  the  nose  or  pharynx,  and  emphysema  deserves  to  be  men- 
tioned. This  form  of  catarrh  may  extend  to  the  trachea  and  even 
further  down  into  the  smaller  bronchi.  Is  this  merel}^  another  case 
of  emphysema  being  caused  by  catarrh,  with  the  simple  cUfference 
that  the  special  form  of  catarrh  begins  in  the  nose?  Sticker  goes  still 
further,  and  erects  under  the  name  of  xerosis  of  the  mucous  mem- 
branes a  disease  w^hich,  he  says,  leads  to  ^^1de-spread  but  moderate 
atrophy  of  all  the  mucous  membranes  of  the  body  and,  as  age  ad- 
vances, to  an  increasing  enlargement  of  the  nasal  chambers,  the 
pharyngeal  ca^dty,  the  larynx,  the  trachea,  and  finally  the  lungs. 
Friedrich  also  is  inclined  to  adopt  this  ^dew.     He  writes  as  folloAvs  § : 

''In  cases  of  marked  atrophy  "^dth  pronounced  ozena  of  the  nose 
and  pharynx,  experience  teaches  us  to  expect  not  onl}'-  chronic  bron- 
chitis, but  also  pulmonary  emphysema  and  asthma-like  attacks.  If 
such  a  condition  is  met  in  elderly  persons  who  have  all  their  lives 
suffered  from  chronic  bronchitis  due  to  ozena,  it  is  reacUly  explained 

*Berl.  klin.  Woch.,  1888,  No.  2. 

t  Abstract  in  Klin.  Centralblatt ,  1890,  p.  885. 

t  Dentsches  Archiv  fur  klin.  Medicin,  vol.  lvii. 

§  "  Rhinologie,  Laryngologie  und  Otologie  in  ihrer  Bedeutung  fiir  allgemeine 
Medicin,"  14.  ("  Rhinology,  Larjmgologv  and  Otology  in  General  Medicine," 
Iriedrich,  29-30.     Saunders  &  Co.,  Philadelphia,  1900.)  ' 
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as  senile  emphysema  or  as  a  secondary  emphysema,  such  as  may 
develop  gradually  in  bronchitis.  But  how  are  we  to  explain  such 
cases  of  pulmonary  emphysema  in  young  persons  barely  twenty  years 
old  with  all  the  sj^mptoms — especially  dyspnea  and  cyanosis — which 
are  found  only  in  the  severest  grades  of  emphysema?  I  remember 
particularly  a  healthy  young  farmer,  twenty-one  years  old,  who 
suffered  from  a  severe  emphysema,  and  the  only  explanation  that 
could  be  found  was  a  marked  ozena  which  the  patient  said  he  had  had 
for  a  long  time.  Such  cases  speak  for  the  existence  of  a  xerosis,  after 
Sticker."  If  xerosis  leads  to  emphysema,  it  can  only  do  so  in  the 
same  way  as  ordinary  catarrh,  for  it  does  not  produce  any  actual 
disturbances  of  the  air  movement.  It  is  probably  for  this  reason  that 
Sticker  states  that  his  cases  were  so-called  senile  atrophy  of  the  lungs 
described  by  Rokitansky  and  not  true  pulmonary  emphysema.  The 
possibility  of  primary  senility,  especially  on  a  luetic  foundation,  is  not 
to  be  denied;  but  in  any  case  the  literature  collected  by  Sticker  in 
regard  to  the  causal  connection  between  xerosis  and  emphysema  is 
insufficient  in  quantity  and  untrustworthy  in  quality.  Before  the  ex- 
istence of  a  xerosis  associated  with  emphysema  or  pulmonary  atrophy 
can  be  admitted  and  property  described,  more  complete  case-liistories 
by  trustworthy  and  critical  observers  are  required.  Such  cases  are 
not  likely  to  be  common.  A  small  number  of  cases  of  ozena  and 
atrophic  rhinitis  persisting  for  years  mthout  the  development  of 
emphysema  occur  in  the  practice  of  every  busy  physician. 

A  question  that  occupied  the  author's  attention  in  connection 
with  certain  cases  of  eosinophile  catarrh  is  whether  syphilis  plays 
any  considerable  part  in  the  etiology  of  emphysema.  The  author 
has  several  times  had  sj^philitic  individuals  present  themselves  at 
the  public  clinic  for  ver}"  obstinate  eosinophile  catarrh,  which  was 
promptly  and  permanently  cured  b}^  potassium  iodid.  He  therefore 
feels  quite  certain  that  there  are  eosinophile  catarrhs  that  have  nothing 
whatever  to  do  with  asthma,  and  regards  it  as  probable  that  some 
of  these  cases  rest  on  a  syphilitic  foundation.  Inasmuch,  then,  as 
syphilis  leads  to  eosinophile  catarrh,  it  may  also  be  said  to  predispose 
to  emphysema. 

The  diseases  that  lead  to  violent  dyspnea  without  directly  affecting 
the  air-passages  may  now  be  considered.  Again,  the  ctyspnea  must 
be  such  as  to  interfere  with  the  circulation  of  air,  and  the  injury  must 
be  such  that  air  can  enter  more  freely  than  it  can  escape.  This  condi- 
tion is  fulfilled  in  man}''  dyspneic  attacks.  A  brief  attack,  as  a  rule, 
leads  to  acute  emphysema;  but  whether  it  shall  be  acute  or  chronic 
depends  not  only  on  the  duration  of  the  injury,  but  also  on  the  resisting 
power  of  the  lungs.  In  old  persons  a  comparatively  short  attack 
may  leave  a  permanent  emphysema.  Few  trustworthy  observations 
bearing  on  this  point  could  be  found.  Koranyi  tells  in  his  article  of 
a  woman  who  had  an  embolism  in  the  main  branch  of  the  pulmonary 
artery,  and  four  years  later  died  with  symptoms  of  intense  dyspnea; 
emphysema  was  found  at  the  borders  and  in  the  lower  lobes  of  both 
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lungs.  The  case  is  not  conclusive,  as  the  ))i'evious  condition  of  the 
lungs  is  not  known.  Enil^olisni  of  the  puhnon;u'>'  artery  has  long 
been  known  as  a  cause  of  acute  emphysema.  Among  other  causes 
that  act  in  a  similar  way  are  the  entrance  of  air  into  the  veins;  the 
inhalation  of  asphyxiating  gas,  such  as  carbon  monoxicl,  "hydrogen 
sulpliitl,  and  sewer-gas;  the  inhalation  of  irritating  gases,  such  as 
chlorin,  ammonia,  and  hot  vapors;  the  entrance  of  foreign  bodies  into 
the  air-passages ;  respiratory  disturbances  in  diphtheria  and  whooping- 
cough.  But  the  acute  distention  of  the  lungs  produced  by  these  causes 
very  exceptionally  leads  to  chronic  emphysema. 

The  same  is  true  of  attacks  of  stenocardia  and  cardiac  asthma. 
The  latter  will  have  to  be  regarded  as  a  symptom  of  emphysema,  but 
cannot  be  conceded  to  play  any  considerable  part  in  the  etiology. 

Among  the  diseases  outside  of  the  lungs  that  are  regarded  as 
predisposing  to  emphysema,  pleurisy  with  adhesions  of  the  two 
layers  of  the  pleura  may  be  mentioned.  The  normal  lung  makes  a 
considerable  excursion  do^\Tiward  and  forward  at  each  inspiration. 
The  anterior  and  inferior  portions  of  the  lung  are  displaced,  and  the 
space  is  occupied  by  parts  coming  from  behind  and  above.  In  the 
presence  of  adhesions  the  amplitude  of  the  movements  of  the  lung 
depend  altogether  on  the  comparative  elasticity  or  rigidity  of  the 
adhesions.  The  diaphragm  unquestionably  moves  downward ;  if  the 
lung  is  miable  to  follow  in  the  normal  way,  the  bronchi  unquestionably 
become  distorted  and  compressed  in  places,  and  certain  portions  of 
the  lung,  in  their  effort  to  fill  the  vacuum,  become  greatly  distended. 
The  adhesions,  however,  rarely  become  so  extensive  as  to  produce  a 
general  emphysema.  Respiration  is  constantly  carried  on  and  offers 
a  strenuous  resistance  to  the  formation  of  excessive  and  injurious 
adhesions.  It  is  in  this  way  that  partial  or  compensatory  emphy- 
sema is  no  doubt  to  be  in  great  part  explained.  AYhen  the  adhesions 
are  robust  and  very  extensive,  the  heart  also  becomes  involved  and  the 
circulatory  disturbances  are  more  conspicuous  in  the  clinical  picture 
than  the  emphysema. 

Diseases  of  the  heart  itself,  such  as  myocarditis,  valvular  lesions, 
and  synecliise,  are  frequent  causes  of  emphysema.  If  the  circulation 
in  the  bronchial  tree  or  in  the  alveoli  is  impaired,  it  is  natural  to  hold 
a  congestive  catarrh  responsible  for  the  condition.  Next  there  are  the 
changes  in  the  blood-vessels,  especially  arteriosclerosis  of  the  coronary 
vessels,  the  arteriosclerotic  changes  so  frequently  found  at  the  points 
where  the  broncliial  arteries  are  given  off,  and,  finally,  similar  altera- 
tions of  the  pulmonary  artery  and  its  branches.  These  are  the  cases 
that  Grawdtz  has  described  under  the  name  of  edematous  forms  of 
emphj'sema,  and  in  which  the  circulatory  disturbances  must  be  recog- 
nized as  the  basal  lesion.  This  author  is  nevertheless  of  the  opinion 
that  even  in  these  cases  the  development  of  emphysema  cannot  be 
explained  without  the  intermediate  link  of  a  disturbance  to  the  venti- 
lation. 

A  number  of  general  disorders  characterized  by  a  special  tendency 
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to  involvement  of  the  air-passages  must  be  considered  in  the  etiology 
of  emphysema.  Rachitis  almost  regularly  leads  to  violent  and  per- 
sistent bronchial  catarrh.  If  the  disease  seldom  appears  in  the  list 
of  etiologic  factors,  it  is  no  doubt  owing  to  the  fact  that  pulmonary 
alterations  usually  undergo  favorable  involution  after  the  rachitic 
process  has  been  arrested. 

Alcoholism  is  a  much  more  important  etiologic  factor.  It  is 
absolutely  certain  that  the  great  majority  of  emphysematous  subjects 
among  the  lower  classes  are  recruited  from  the  ranks  of  alcoholics. 
Cold  is  generally  alleged  to  be  the  cause,  but  the  true  offender  is  alcohol. 
It  keeps  up  a  chronic  catarrh  not  only  because  it  is  largely  excreted 
through  the  mucous  membranes,  but  also  by  impairing  the  action  of 
the  heart  until  it  is  inadequate  to  maintain  a  proper  circulation  in 
the  lungs.  Ultimately  alcohol  undermines  the  general  nutrition  and 
power  of  resistance  of  the  body:  thus  one  injury  is  added  to  another, 
with  the  final  result  that  emphj^sema  becomes  one  of  the  commonest 
diseases  treated  in  public  clinics. 

The  abuse  of  tobacco  has  also  been  accused  of  producing  emphy- 
sema, and  no  doubt  mih  some  reason,  especially  as  it  is  so  frequently 
combined  mth  alcoholism. 

Can  emphysema  be  due  to  purely  nervous  causes?  An  acute 
cUstention  of  the  lungs  occurs  in  conditions  of  terror  in  the  insane  * 
and  subsides  along  with  the  other  symptoms.  Ziertmann  explains 
the  occurrence  as  the  effect  of  central  irritation  of  the  vagus  in  the 
medulla  oblongata;  it  is  not  known  whether  a  chronic  emphysema 
develops  on  the  same  basis. 

A  number  of  other  diseases  are  mentioned  in  the  literature,  and 
no  doubt  they  harbor  certain  general  injurious  factors,  but  do  not 
directly  affect  the  air-passages  and  particularly  the  lungs.  Dys- 
pepsia, dilatation  of  the  stomach,  and  the  like  conditions  may  be 
mentioned  for  the  sake  of  cUsmissing  them ;  they  cannot  be  regarded 
as  constituting  a  caase  or  even  a  prechsposing  factor. 

More  recently  traumatism  has  been  accorded  a  certain  role  in  the 
etiology.  Any  injury  affecting  the  body  may  ultimately  become  a 
predisposing  factor.  It  is  customary  to  sa}^  that  the  normal  resistance 
of  the  body  is  weakened,  and,  that  being  admitted,  it  is  quite  easy  to 
derive  any  other  injury  therefrom.  This  principle  is  exploited  to  its 
full  extent  by  those  who  take  advantage  of  the  law  to  obtain  damages 
or  an  annuity  for  disability.  If  a  person  develops  emphysema  after 
an  accident,  the  accident  no  doubt  is  a  contributory  factor  in  its  pro- 
duction— no  one  can  deny  that.  The  injury  need  not  necessarily 
have  affected  the  chest;  it  may  be  any  other  portion  of  the  body,  even 
a  psychic  influence  is  held  to  suffice.  It  is  to  be  regretted  that  this 
cheap  method  of  reasoning  is  so  popular  among  physicians.  It  is  no 
more  than  we  could  expect  from  the  layman  who  is  looking  out  for 
an  annuity,  but  the  argument  has  no  scientific  basis ;  strictly  speaking, 
it  is  a  mere  commonplace.     If  a  traumatism  is  really  the  cause  of  em- 

*  Ziertmann,  Munchener  med.  Wochenschr.,  1894,  38,  39. 
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physema,  it  ought  to  be  possible  to  demonstrate  its  mode  of  action 
scientifically;  if  this  is  impossible,  it  is  the  physician's  duty  not  to 
repeat  mere  phrases  that  have  come  into  fashion,  but  to  enter  a  vigor- 
ous protest  against  them.  It  is,  I  repeat,  to  be  regretted  that  the 
mischief  owes  its  origin  to  the  physicians.  The  commonest  causes 
of  emphysema,  chronic  catarrh  and  alcoholism,  are  most  prevalent 
among  the  working  classes.  "Whenever  these  people  are  treated 
for  an  injury,  they  are  by  that  very  fact  brought  into  surroimd- 
ings  which  counteract  the  true  causes  of  emphysema.  This  unde- 
niable fact  is  too  often  overlooked.  Besides,  the  assumption  that 
the  general  powers  of  resistance  are  diminished  after  traumatism  is 
in  itself  incorrect.  Every  form  of  irritation  is  followed  in  the 
organism  by  a  distinct  reaction,  and  as  long  as  the  reaction  does 
not  exceed  the  Hmits  that  correspond  to  the  functional  capacity  of 
the  irritated  organ,  the  powers  of  resistance  are  not  in  any  sense 
diminished;  on  the  contrary,  an  increase  up  to  a  certain  point 
may  be  expected.  It  is  neither  a  priori  certain  nor  even  prolDable 
that  a  diminution  in  the  powers  of  resistance  takes  place.  A  careful 
search  should  be  made  for  objective  signs  that  would  clearly  prove 
such  a  diminution,  but  no  one  ever  tliinks  of  doing  so.  Any  cheap 
hypothesis  passes  cm'rent  for  a  scientific  fact,  especially  if  it  is  cUshed 
up  -uith  plenty  of  foreign  words  and  quotations.  It  is  so  much  the 
fashion  to  approve  of  our  (German)  social  code  that  the  clanger  of 
indiscriminate  charity  is  too  apt  to  be  overlooked.  This  is  not  the 
first  instance  of  good-natured  weakness  masquerading  in  the  guise 
of  humanity  and  producing  incalculable  harm.  The  jurists  have 
lightly  appropriated  the  phrase  "diminution  of  the  powers  of  resist- 
ance from  injur}',"  and  many  of  them,  like  the  doctors,  consider  it 
rank  inhumanity  to  refuse  to  admit  this  ''scientific  truth "'  and  all  its 
consequences  for  the  benefit  of  the  laboring  man.  Such  a  tendency 
is  fraught  with  the  greatest  danger  to  the  dignity  of  the  law,  for 
ordinary'  common  sense  can  never  be  trodden  in  the  dust,  and  reaction 
is  sm-e  to  follow  sooner  or  later.     Videant !    (Time  will  tell.) 

T\liat  common  Cjuality  is  there  in  all  the  nimieroas  diseases  that 
are  regarded  as  precUsposuig  to  emphysema,  lea^Tng  out  those  of  the 
latter  group  which  may  occasionally  predispose  to  emphysema,  but 
are  of  course  excluded  from  any  scientific  analysis?  T\liy  do  they 
lead  to  emphysema?  One  thing  is  to  be  borne  constantly  in  mind: 
they  do  so  more  or  less  freciuently,  but  not  ^nth  absolute  constancy. 
If  I  were  asked  to  name  a  clisease  that  leads  to  emphysema,  I  should 
select  chronic  bronchial  catarrh  and.  possibly,  asthma,  with  the 
pro^'iso  that  the  disease  last  long  enough.  In  practice,  it  is  foimd 
that  even  these  diseases  are  not  absolutely  certain  to  be  followed  by 
emphysema;  but  such  a  result  is  so  frec^uent  that  the  relation  of 
emphysema  to  bronchial  catarrh  ma}'  be  said  to  be  not  that  of  a  spe- 
cial affection,  but  rather  that  of  a  terminal  stage.  The  same  is  not  true 
of  all  other  diseases :  they  may  lead  to  emphysema,  but,  again,  the  limg 
may  escape  no  matter  how  long  the  duration  of  the  disease  in  question. 

18 
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It  all  depends  on  the  fulfilment  of  the  condition  which  has  alread}^ 
been  touched  upon,  and  to  which  a  few  more  words  may  now  be 
devoted. 

It  is  evident  that  any  disease  of  the  respiratory  passages,  of  the 
lungs,  of  the  heart,  and  of  the  corresponcUng  nervous  domains,  may 
produce  a  more  or  less  severe  grade  of  the  injury  referred  to  (inter- 
ference with  the  movement  of  air).  But  emphysema  does  not  neces- 
sarily result,  unless  the  normal  escape  of  the  air  is  in  some  way  inter- 
fered with.  If  the  entrance  of  air  alone  is  impeded,  atelectasis  and 
hypostasis  are  the  natural  results.  Aii3'thing  that  cUsturbs  the  rela- 
tion between  the  escape  and  the  entrance  of  air  in  such  a  way  as  to 
make  the  former  more  cUfficult  than  the  latter,  is  bound  to  produce 
emphysema.  If  the  escape  of  air  is  obstructed  in  circumscribed  por- 
tions of  the  lung,  there  results  partial  emphysema,  which  is  under 
consideration  here ;  if  the  escape  of  air  is  obstructed  in  larger  portions, 
or  in  the  entire  lung,  diffuse  or  primary  emphj^sema  is  the  result. 

We  are  now  ready  to  ask  the  question:  AVhat  concUtions  present 
themselves  in  practice  that  produce  a  cUffuse  emphysema  of  tliis  kind? 

It  is  at  once  e\ddent  that  diseases  confined  to  circumscribed  areas 
or  foci  cannot  produce  such  a  result.  Diseases  of  this  kind  are  tuber- 
culosis, carcinoma,  whether  metastatic  or  primary,  pulmonary  ab- 
scess, and  gangrene.  From  their  ver}^  natiue  it  follows  that  they 
can  at  most  produce  a  partial  emphj'sema ;  for  diffuse  emphj'sema  to 
be  produced  the  effect  of  the  lesion  must  be  more  or  less  general. 

The  causes  of  emphysema  that  have  a  scientific  A'alue  have  in 
common  the  property  of  disturbing  the  free  movement  of  air  in  the 
bronclii,  in  the  inf  undibuli,  and  in  the  alveoli,  and  of  causing  a  certain 
degree  of  dyspnea.  Marfan  says:  "The  principal  symptom  of  em- 
physema is  dyspnea,"  but  I  go  even  further  than  he,  and  regard  the 
dyspnea  itself  as  an  essential  factor  for  the  production  of  emphysema. 
Not  every  form  of  dyspnea,  however;  let  us  be  quite  clear  about  this. 
Whenever  the  movement  of  air  in  the  respiratory  passages  ls  cUs- 
turbed,  dyspnea  necessarily  results;  for  normal  respiration  is  accu- 
rately adjusted  to  the  needs  of  the  body  for  oxygen.  If  more  ox^^gen 
is  required,  the  breathing  becomes  deeper  and  more  rapid;  if  less 
oxygen  is  needed,  on  the  other  hand,  the  respirations  become  fewer 
in  number  and  more  shallow.  Acceleration  and  deepening  of  the 
respiration  are  performed  automatically,  and  the  proper  maintenance 
of  this  relation  is  the  surest  sign  that  breathing  is  normal.  When  a 
man  breathes  more  rapidly  after  rmining,  we  speak  of  it,  it  is  true, 
as  dyspnea,  but  it  is  really  a  very  bad  expression.  More  correctly  it 
should  be  called  eupnea.  The  body  is  doing  what  physiology  re- 
quires it  to  do  in  the  best  possible  manner.  There  is  notliing  morbid 
or  morbifying  about  it,  as  long  as  the  limits  are  preserved  within 
which  the  healthy  organism  can  increase  its  acti^dty  T\dthout  injury 
to  itself.  These  limits  can  be  narrowed  by  overanxiety  and  by  taking 
too  good  care  of  one's  self,  and,  on  the  other  hand,  can  unquestionably 
be  enlarged  b}^  exercise  and  hardening  processes. 
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If  the  free  circulation  of  the  air  in  the  air-passages  meets  with  an 
ol)struction,  the  normal  relationship  l)ctwccn  inspiration  and  ex- 
piration and  between  the  depth  and  frequency  of  the  respiratory 
movements  is  altered,  and  then  a  true  pathologic  d}-spnea  exists. 

The  position  of  emphysema  as  an  independent  disease  is  greatly 
strengthened  if  the  causal  condition  periodically  subsides,  or  at  least 
sinks  into  the  background,  so  that  its  symptoms  become  quite  sub- 
ordinate to  those  of  the  emphysema.  The  affection  is  then  a  true 
primary  or  substantive  emphysema. 

Among  the  diseases  that  have  a  mde-spread  effect  on  the  bronchi 
and  on  the  lungs,  croupous  pneumonia  and  inflammation  of  the  bronchi 
are  the  most  prominent. 

Of  the  former  it  cannot  be  said  that  it  impedes  the  escape  more  than 
the  entrance  of  the  air;  in  fact,  the  direct  opposite  is  the  case;  it  is, 
however,  true  of  broncliitis.  ^lany  authors  ever  since  the  time  of 
Laennec  have  recognized  the  fact  that  mucus  in  the  bronchi  obstructs 
the  entrance  of  air  much  less  than  its  escape. 

Since  Riegel  demonstrated  this  positively  with  the  aid  of  the 
graphic  method  which  he  elaborated,  the  question  may  be  regarded 
as  finally  settled.  I  shall  therefore  quote  this  important  passage  in 
extenso  (''Athembewegungen,"  p.  113):  ''  Even  though  these  catarrhs 
(that  is,  chronic  catarrhs  extending  to  the  finer  bronchi),  if  they 
attain  a  certain  degree  of  intensity,  offer  a  certain  obstacle  to  the 
entrance  of  air,  it  is  nevertheless  the  escape  that  is  chiefly  impeded. 
It  is  therefore  to  be  expected  a  priori  that  severe  catarrh  of  the  finer 
bronchi  should  intensify  the  above-mentioned  symptoms  of  emphy- 
sema, and  this  is  fully  confirmed  b}^  examination,  which  demonstrates 
that  the  subsidence  and  exacerbation  of  the  catarrhal  s^^mptoms  are 
accompanied  by  a  corresponding  increase  and  decrease  of  the  expira- 
tory obstructions."  Inspiration  is  an  active  factor;  negative  pressure 
makes  itself  felt  \yiih  great  uniformit}"  in  aU  portions  of  the  bronchial 
tree ;  if  there  is  an  obstacle  in  any  portion  of  the  bronchial  system,  it 
alters  neither  the  direction  nor  the  point  of  attack  of  the  negative 
pressure  until  it  has  been  overcome.  The  influence  of  the  striated 
muscles  in  quiet  breathing  cannot  as  yet  be  regarded  as  being  posi- 
tively estabhshed.  It  used  to  be  customary  to  ascribe  very  little 
importance  to  the  volimtary  muscles,  the  lion's  share  being  accorded 
to  the  elasticity  of  the  Imigs  and  of  the  thorax.  Xow,  however,  that 
Henke  asserts  that  the  position  of  equilibrium  of  the  thorax  coincides 
with  inspiration,  and  that  the  thorax  therefore  has  a  tendency  to 
return  spontaneoiLsly  to  a  position  of  moderate  inspiration,  a  much 
more  important  role  must  be  assigned  to  the  internal  muscles  than 
has  been  done  in  the  past,  provided,  of  course,  that  his  view  is  correct. 
We  shall  return  to  tliis  point  later.  It  is  at  least  certain,  howe^'er, 
that  the  muscles  do  not  share  in  the  respiratory  movements  to  the 
extent  of  exerting  pressure  on  the  lungs,  but  they  probably  do  assist 
in  maintaining  the  proper  harmony  between  the  movements  of  the 
thorax  and  those  of  the  lungs.     In  the  presence  of  any  pathologic  pro- 
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cess,  which  is  necessary  for  the  production  of  an  abnormal  pressure, 
the  contraction  of  the  muscles  must,  however,  act  in  a  number  of 
different  ways,  none  of  which  can  be  regarded  as  favorable.  On  the 
contrary,  the  effect  is  quite  indeterminable  and  is  unquestionably 
often  unfavorable.  By  exertion  of  the  inspiratory  muscles  the  en- 
trance of  air  can  be  facilitated  without  harm  and  without  difficulty ; 
whereas  by  exertion  of  the  expiratory  muscles  the  escape  of  air  may 
be  expedited,  but  may  also,  under  many  conditions,  be  interfered 
with.  Therein  lies  the  danger  of  voluntary  and  forced  expiration,  as 
well  as  of  cough. 

All  forms  of  bronchitis  are  therefore  dangerous,  but  especially 
those  associated  with  the  production  of  tenacious  mucus  and  active 
expiratory  efforts,  such  as  the  rheumatic  forms  and  the  bronchitis 
accompanying  whooping-cough,  and  these,  accordingly,  are  the  main 
causes  of  emphysema.  Other  conditions  that  interfere  with  inspira- 
tion to  the  same  degree  as  with  expiration  are,  obstructions  in  the 
large  bronchi,  in  the  larynx,  in  the  nose,  and  in  the  nasopharyngeal 
spaces,  such  as  tumors,  cicatricial  contractions,  and  inflammations. 
They  are,  of  course,  much  less  likely  to  produce  emphysema.  Under 
certain  circumstances  they  may,  it  is  true,  act  somewhat  like  valves 
and  facilitate  one  phase  of  the  respiration  while  they  obstruct  the 
other.  If,  therefore,  they  interfere  chiefly  with  expiration,  they 
may  also  lead  to  emphysema.  As  these  conditions  are  apt  to  induce 
a  secondary  irritation  of  the  bronchi,  they  are  objectionable  chiefly 
because  they  keep  up  a  chronic  bronchitis  which,  as  has  been  ex- 
plained, acts  as  a  frequent  predisposing  cause.  If  they  interfere  more 
with  inspiration  than  with  expiration,  the  tendency  to  emphysema  is 
not  thereby  removed,  for  the  possibility  of  catarrh  being  superadded 
is  not  excluded,  although,  of  course,  the  condition  may  subside  without 
emphysema  being  established. 

Other  diseases  act  iii  a  similar  manner.  Thus,  extensive  pleural 
adhesions  are  constantly  mentioned,  but  in  this  condition  the  relations 
are  subject  to  great  variations.  Some  adhesions  are  associated  with 
great  disturbance  of  the  respiration,  while  others  are  practically  in- 
significant, the  differences  depending  on  the  firmness  of  the  adhesions, 
as  well  as  on  their  seat  and  on  the  degree  to  which  the  heart  is  in- 
volved. Theoretically  it  is  quite  easy  to  say  that  the  adherent  por- 
tions of  the  lung  find  themselves  impeded  in  their  efforts  at  expansion, 
while  others  expand  irregularly  and  thus  lead  to  the  production  of 
compensatory  emphysema.  But  this  is  an  unwarrantably  simple  way 
of  looking  at  the  question;  adhesions  frequently  exist  without  pro- 
ducing any  emphysema. 

I  am  inclined  to  lay  more  stress  on  diseases  of  the  heart.  The 
frequency  of  heart  disease  in  emphysematous  subjects  at  once  be- 
comes evident  if  the  condition  is  inquired  for.  The  only  question  is. 
Which  of  the  two  diseases  is  primary?  Hitherto  it  was  always  said 
that  the  emphysema  was  the  primary  condition,  but  that  is  going  too 
far.    The  frequency  of  cardiac  affections  in  emphysema  is  illustrated 
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in  the  table  prepared  by  Chainbert.*     Among  258  cases  of  pulmonary 
emphysema  he  found : 

The  lieart  muscle  alone  diseased  in 30  cases. 

The  muscle  and  the  valve  diseased  in 58       " 

The  muscle  diseased  and  the  aorta  atheromatous  in 15       " 

The  valves  alone  diseased  in IS       " 

The  aorta  alone  atlieroniatous  in 19       " 

It  is  evident  that  valvular  lesions  are  not  produced  by  emphysema ; 
but  how  is  it  with  disease  of  the  muscle,  synechia?,  and  atheroma? 
For  my  part,  I  consider  these  conditions  also  primary.  The  emphy- 
sema which  follows  is  often  only  partial,  although  every  gradation 
is  foimd  up  to  the  diffuse ;  and  the  impossibility  of  drawing  a  sharp 
distinction  between  the  various  forms  in  practice  is  very  evident, 
particularly  as  emphj'Sema  secondarily  leads  to  hypertrophy  and 
dilatation  of  the  right  ventricle,  and  therefore  also  indirectly  brings 
about  disturbances  in  the  nutrition  of  the  heart  muscle.  It  is  an}'- 
thing  but  easy  to  determine  in  a  given  case  whether  one  has  to  deal 
with  a  cardiac  affection,  with  secondary  emphysema,  or  ^^dth  an 
emphysema  with  secondary  cardiac  affection.  The  older  views,  ac- 
cording to  which  emph^'sema  was  always  regarded  as  the  primary 
disease,  were  much  too  one-sided.  At  the  present  time  there  is  a 
gra\dtation  toward  myocarditis,  and  it  will  no  doubt  result  in  going  to 
an  extreme  in  the  other  direction. 

Among  the  forms  of  catarrh  concerned  in  the  etiology  of  emph}'- 
sema  I  have  included  congestive  catarrh.  According  to  the  investi- 
gations of  Basch  and  his  disciples,  it  appears  probable  that  in  many 
sufferers  from  heart  disease  the  production  of  emphysema  is  facilitated 
in  some  other  wa}^  Baschf  has  called  attention  to  the  fact  that  car- 
diac dyspnea  due  to  insufficiency  of  the  left  ventricle  is  followed  by 
descent  of  the  diaphragm  and  a  congestive  enlargement  of  the  lungs. 
He  established  the  general  law  that  any  engorgement  of  the  pulmonary 
vessels  produces  an  enlargement  of  the  lungs,  while  anything  that 
diminishes  the  amount  of  blood  in  the  pulmonary  vessels  brings  about 
a  reduction  in  the  volume  of  the  lungs.  This  statement  is  supported 
by  experiments  performed  by  Grossman  in  Basch 's  laboratory. { 
An  air  bladder  was  introduced  into  the  right  heart  and  distended  so 
that  only  a  small  quantity  of  blood  could  pass  through  the  pulmonary 
arter}^  The  experiment  was  attended  by  elevation  of  the  diaphragm 
and  a  simultaneous  reduction  in  the  intrathoracic  pressure,  so  that, 
according  to  his  reasoning,  the  lung  must  have  been  contracted. 
When  the  bladder  was  introduced  in  the  left  heart  and  cUstended, 
so  as  to  offer  an  obstruction  to  the  passage  of  blood  from  the  auricle 
into  the  aorta,  congestion  was  produced  in  the  lungs,  the  diaphragm 
was  depressed,  and  the  intrathoracic  pressure  rose.  In  this  case, 
therefore,  the  effectiveness  of  respiration  was  diminished.  The  lung 
under  such  circumstances  cannot  expand  as  thoroughh^  as  a  normal 

*  Schmidt's  "  Jahrbucher,"  1881.  t  Congress  fiir  innere  Medicin,  1889. 

%  Zeitschr.  fur  klin.  Medicin,  vol.  xx.  1892. 
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lung;  in  other  words,  it  has  become  rigid  (rigidity  of  the  lung).  In 
anemia  of  the  lung,  on  the  other  hand,  as  represented  by  the  first 
experiment,  the  effectiveness  of  respiration  is  increased,  for  the  ob- 
stacles to  respiration  are  cUminished  and  the  excursions  of  the  anemic 
lung  are  greater. 

It  cannot  be  doubted  that  the  conditions  present  in  cardiac  em- 
physema harm.onize  with  Basch's  scheme  or  theory  of  pulmonary 
rigidity,  and  that  in  these  cases  the  primary  trouble  resides  in  the 
heart;  and  while  congestive  enlargement  of  the  lung  has  often  been 
classed  with  ordinary  emphysema,  it  ought,  as  a  matter  of  fact,  to 
be  strictly  separated  from  that  condition.  But  the  relations  are  so 
complex  that  the  distinction  is  quite  impossible  in  practice,  simple  as 
it  may  appear  in  theory.  Congestive  catarrh  of  the  lung,  again,  may 
lead  to  genuine  emphysema — a  possibihty  that  has  frequently  been 
demonstrated  in  cases  of  this  kind  at  the  autopsy  table.  The  ques- 
tion of  cardiac  emphysema  is  in  urgent  need  of  further  elucidation. 
But  I  must  utter  a  warning  against  confounding  it  with  the  senile 
emphysema  of  arteriosclerosis,  which  is,  of  course,  an  entirely  different 
condition,  although  many  transitional  forms  between  the  two  will  no 
doubt  be  discovered. 

Among  occupations  that  are  regarded  as  possible  causes  of  em- 
physema, playing  on  wind-instruments  has  already  been  mentioned. 
This  occupation  obviously  tends  to  interfere  with  expiration,  and 
accordingly  satisfies  perfectly  the  conditions  necessar}^  for  the  pro- 
duction of  emph5^sema  which  have  been  erected  on  theoretic  grounds. 
It  was  also  pointed  out  in  that  connection  how  with  the  proper  pre- 
cautions the  danger  incident  to  this  occupation  may  be  minimized. 
That  diseases  due  to  the  inhalation  of  dust  are  causative  principally 
b}'  the  fact  that  they  produce  bronchitis  is  obvious.  There  are  certain 
conditions  that  interfere  with  inspiration  much  more  than  with  ex- 
piration, and  these  may  be,  in  a  sense,  antagonistic  to  emphysema. 
To  this  class  belong  the  forms  of  stenosis  that  have  an  opposite  effect 
from  that  produced  by  those  which  lead  to  emphysema.  Most  croup- 
ous forms  of  laryngeal  stenosis  are  included  in  this  class.  If  emplw- 
sema  develops  after  diphtheria,  it  is  not  simply  as  a  sequel  of  stenosis 
of  the  larynx.  Ascites  is  another  condition  that  is  antagonistic  to 
emphysema,  inasmuch  as  it  interferes  chiefly  wdth  the  movements  of 
the  diaphragm. 

Calcification  of  the  costal  cartilages  appears  to  affect  inspiration 
more  than  expiration,  the  rigid  thorax  being  imable  to  expand  prop- 
erly. But  the  powerful  diaphragm  stands  ready  to  make  up  for  this 
deficiency.  The  shape  of  the  thorax,  however,  is  altered  by  calcifica- 
tion of  the  cartilages  so  that  it  fails  to  retain  its  normal  position  of 
equihbrium  and  acquires  a  constant  tendency  to  assume  the  inspira- 
tory position;  and  the  rigidity,  which  prevents  it  from  returning  to 
the  normal  position  of  equilibrium,  in  a  still  greater  degree  prevents 
it  from  assuming  the  position  of  full  expiration.  The  expiratory 
muscles  are  then  called  into  action  to  make  up  for  the  deficiency  [of 
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expiratory  niovenient],  and  their  inadccjuacy  to  do  this  has  ah'cady 
been  sufficiently  pointed  out.  Expiration  in  this  condition  is  there- 
fore impeded  inoi-e  than  inspiration,  and  this  view  of  the  question 
brings  out  the  significance  of  Freund's  observations. 

The  occasional  occurrence  of  emphysema  after  pneumonia  is  now 
easily  comprehensible;  the  pneumonia  is,  of  course,  not  the  direct 
cause — that  must  be  sought  elsewhere.  The  disease  merely  affects 
the  elasticity  of  the  portion  of  the  lung  involved,  and  secondarily  that 
of  the  entire  lung.  In  this  way  almost  an}'  injury  may,  under  certain 
circumstances,  become  causative,  and  those  who  use  the  word  "  caase  " 
loosely  may  attribute  emphysema  to  almost  anything.  But  a  similar 
line  of  reasoning  might  end  in  attributing  a  case  of  measles  to  the 
child's  having  fallen  downstairs.  If  any  scientific  advance  is  to  be 
made,  we  must  avoid  the  use  of  such  vague  phrases. 

To  find  the  cause  of  a  disease  we  must  find  the  factor  in  the  absence 
of  wliich  the  disease  cannot  be  produced.  In  typhoid  fever,  for  ex- 
ample, the  presence  of  the  characteristic  bacillus  is  necessary.  Ty- 
phoid fever  need  not  necessarily  exist  wherever  the  bacillus  is  present; 
but  if  the  bacillus  is  absent,  typhoid  fever  cannot  be  produced.  In 
tliis  sense  I  consider  anj^  interference  ^xith  the  movement  of  the  air 
in  the  bronchi,  in  which  the  escape  of  air  is  hindered  more  than  the 
entrance,  as  the  cause  of  emphysema.  Clinically  the  causes  of  em- 
physema correspond  with  those  diseases  in  which  an  interference  with 
the  circulation  of  air  in  this  sense  is  present  in  extensive  portions  of 
the  bronchial  tree.  Such  diseases,  according  to  my  view,  are  the 
various  forms  of  catarrh,  simple  catarrh,  asthmatic  catarrh,  and  con- 
gestive catarrh ;  calcification  of  the  costal  cartilages  leading  to  rigidity 
of  the  thorax ;  and  certain  forms  of  stenosis  of  the  larger  air-passages 
in  which  expiration  is  more  labored  than  inspiration.  Any  other 
disease,  if  it  produces  emphysema  at  all,  does  so  secondarily.  Can- 
tani,*  in  a  discussion  of  the  etiology  of  emphysema,  went  so  far  as  to 
assume  a  peculiar  form  of  broncliial  catarrh,  characterized  by  marked 
sweUing  of  the  mucous  membrane  extending  into  the  bronchioles  and 
invohdng  the  entire  broncliial  tree.  Tliis  condition,  he  says,  pro- 
duces diffiLse  catarrhal  bronchostenosis,  which  in  turn  is  declared  to 
be  the  chief  cause  of  emphysema.  That  emphysema  is  produced  by 
a  condition  in  which  the  inspiratory  air  is  able  to  enter  the  alveoli 
wdth  comparative  ease,  while  during  expiration  the  escape  of  the  air 
is  materially  retarded,  or  even  in  part  prevented,  by  the  narro"uing 
of  the  bronclii,  and,  in  addition,  by  the  occlusion  of  their  lumen  with 
tenacious  mucus,  is  in  perfect  harmony  vnih  the  first  opinion  advanced 
by  Laennec,  and  I,  for  my  part,  entirely  agree  -^dth  that  opinion. 
I  do  not  believe,  however,  that  this  condition  requires  a  special  form 
of  catarrh;  the  ordinary  broncliial  catarrh,  providing  it  lasts  long 
enough,  is  quite  sufficient  to  bring  about  the  necessary  conditions. 
Cantani  still  further  complicates  the  question  by  regarding  asthma 
as  a  consequence  of  bronchial  stenosis,  which  is  in  itself  incorrect. . 

*  Morgagni,  1885,  Xo.  4. 
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The  dyspneic  attacks  that  accompany  bronchitic,  or  laryngeal,  or 
tracheal,  or  cardiac  emphysema  are  not  identical  with  asthma.  To 
avoid  confasion  we  must  insist  that  asthma  is  a  primary  disease 
resting  on  a  nervous  basis,  and  that  the  catarrh  which  accompanies 
asthma  is  specific,  being  characterized  by  peculiar  changes  in  the 
sputum,  consisting  in  eosinopliile  cells,  spirals,  and  crystals  that  do  not 
belong  to  ordinary  bronchitis. 

I  am  quite  "\Ailling  to  admit,  however,  that  Cantani's  \dew  is  quite 
correct  in  one  respect.  He  ascribes  quite  as  much  importance  to 
catarrh  as  I  do,  only  he  goes  too  far  in  saying  that  a  special  form  of 
catarrh  is  necessary. 

The  numerous  \dews  in  regard  to  the  nature  of  emphysema  that 
have  been  advanced  by  other  authors  appear  to  me  to  accord  too 
much  scope  to  the  speculative  element. 

But  so  many  important  points  of  view  may  be  gathered  from  the 
study  of  these  theories  that  I  cannot  bring  myself  to  overlook  them 
altogether. 

For  many  years  the  inspiration  theory,  first  advanced  in  A^arious 
forms  by  Laennec  and  Rokitansky,  has  stood  its  ground  against  the 
expiration  theory,  which  was  first  championed  b}'  Jenner,  Mendels- 
sohn, and  Ziemssen.  Even  at  the  present  day  forced  inspiration  as 
the  fundamental  cause  of  emphysema  finds  its  principal  supporters  in 
France. 

Laennec  first  taught  that  excessive  inspiration  produces  laceration, 
or  at  least  injurious  overdistention  of  the  elastic  fibers,  and  thus  leads 
to  emphysema.  Marfan,  who  emphaticalh'  indorsed  this  "\dew,  sup- 
ported it  by  the  following  experiments  and  observations : 

1.  Hirtz*  constricted  the  trachea  of  a  rabbit  with  a  ligature,  thus 
producing  dj'Spnea,  and  then  induced  the  animal  to  make  excessive 
inspiratory  efforts.  The  animals  in  this  experiment  become  emphy- 
sematous and  die  in  about  a  week.  If  paralysis  of  the  diaphragm  is 
produced  by  section  of  the  phrenic  nerve,  the  development  of  em- 
physema is  prevented.  This  experiment  proves  nothing — it  is  so 
complicated  and  introduces  so  many  conditions  that  it  is  nothing 
short  of  audacity  to  utilize  it  in  favor  of  the  inspiration  theor}'.  I 
consider  it  merely  an  argument  for  the  use  of  anti-Ad^T-sectionists. 
Animals  should  not  be  tortured  in  this  way. 

2.  Asthmatic  attacks  are  frequently  the  cause  of  emphysema, 
but  these  attacks  of  dyspnea  depend  on  tetanus  of  the  inspiratory 
muscles  which  distend  the  thorax  to  its  utmost.  After  each  suc- 
cessiA'e  attack  of  asthma  the  lung  remains  distended  for  some  time, 
and  finally  regains  its  normal  volume.  But  if  the  attacks  are  re- 
peated too  frequentl}^,  the  elastic  fibers  of  the  lung  finally  give 
way  because  they  are  subject  to  distention  for  too  long  a  time. 
The  walls  of  the  ah^oli,  of  the  infundibuli,  and  of  the  acini  be- 
come perforated  and  atrophy.  The  ca\dties  of  the  lobule  coalesce, 
and   permanent   emphj^sema    deA^lops.      This   explanation,    wliich 

*  These  de  Paris,  1878. 
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begins  with  a  very  questionable  tlioon-  in  regard  to  tlie  nature  of 
astlima,  contains  not  a  single  convincing  factor,  and  merely  illustrates 
the  importance  of  inspiration ;  compare  this  with  what  follows. 

3.  Every  disease  associated  with  intense  dyspnea  has  the  same 
effect  as  asthma.  The  following  conditions  are  then  enumerated: 
croup;  stenosis  of  the  larynx,  of  the  trachea,  of  the  bronchi;  foreign 
bodies ;  capillary  bronchitis ;  bronchopneumonia ;  pulmonary  embolism ; 
mediastinal  tumors  and  other  examples  of  severe  grades  of  dyspnea 
followed  b}'  emphysema.  This  statement  may  be  utilized  quite  as 
readily  in  favor  of  expiration  as  of  inspiration,  but  the  force  of  the 
argument  is  destroyed  by  the  fact  already  touched  upon,  that  numer- 
ous cases  of  this  kind  occur  ^^ithout  producing  an}^  emphysema. 

4.  Experimental  emphysema  produced  b}-  di\iding  the  pneumo- 
gastric  ner^'es  is  said  to  be  an  inspiratory  emphysema.  According  to 
Claude  Bernard,  the  animal  is  deprived  of  its  pulmonary  sensibility, 
and,  being  unable  to  adapt  its  respiratory  efforts  to  the  capacity  of 
the  lungs,  it  inspires  with  excessive  force  and  so  becomes  emphysema- 
tous. Tliis  theory  calls  for  no  special  discussion,  as  the  authors  are 
not  all  agreed  that  animals  after  section  of  the  vagus  die  of  emphy- 
sema; in  fact,  most  of  them  do  not  speak  of  emph3^sema  at  all.  The 
theory  of  emphysema  was  erected  by  Longet,  and  attributed  by  Mm 
to  paralysis  of  the  bronchial  muscles.  There  is  no  doubt  that  the  ani- 
mals speedily  die  \^ith  the  formation  of  numerous  bronchopneumonic 
foci.* 

5.  The  emphysema  occurring  in  children  with  adenoid  vegeta- 
tions in  the  nasopharynx  is  also  explained  by  Marfan  as  an  inspira- 
tory form,  without  gi\'ing  reasons.  Compensatory  emphysema,  which 
does  not  belong  in  tliis  category,  is  explained  b}^  that  author  in  the 
same  way. 

It  follows  from  tliis  exposition  that  I  regard  all  the  positive  reasons 
that  have  been  given  for  the  production  of  emphysema  by  inspiratory 
dyspnea  alone  as  extremely  doubtful.  Marfan 's  objections  to  the 
upholders  of  the  expiration  theory  are  somewhat  more  plausible. 
That  theory  is  chiefly  based  on  the  fact  that  cough  manifestly  favors 
the  development  of  emphysema,  and  that  the  pathogenic  element 
is  to  be  sought  in  the  increase  of  inspiratory  pressure  which  accom- 
panies the  cough.  Marfan  says  that  the  increased  intra  pulmonary 
pressure  can  act  on  the  elastic  fibers  only  when  they  have  alread}^ 
been  overstretched  by  inspiration.  So  far  he  is  quite  right,  but  why 
does  he  go  on  to  say:  "Cough  therefore  does  not  act  by  calling  ex- 
piratory forces  into  action;  but,  like  dyspnea,  through  the  agency  of 
inspiratory  forces"?  There  is  no  doubt  that  the  bad  effects  of  the 
cough  are  in  direct  proportion  to  the  degree  of  inspiratory  distention 
of  the  Imigs,  but  it  is  quite  certain  that  the  coughing  efforts  to  which 
the  excessive  pressure  is  due  are  produced  by  the  contraction  of  the 
expiratory  muscles. 

*  Fre}',  "  Die  pathologischen  Lungenveranderungen  nach  Lahmung  der 
Vagi,"  Leipzig,  1877. 
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The  effect  of  cough  is  therefore  pecuHarly  unfavorable  because 
deep  inspiration  is  followed  by  violent  expiration.  Bearing  down,  in 
which  the  glottis  is  closed  as  for  deep  inspiration  and  the  expiratory 
muscles  force  the  diaphragm  downward  against  the  contents  of  the 
abdomen,  has  the  same  effect;  but  as  it  is  only  an  occasional  and 
relatively  rare  occurrence,  it  does  not  suffice  to  bring  about  a  genuine 
emphysema.  In  bearing  down,  also,  says  Marfan,  the  expiratory 
forces  are  only  auxiliary,  the  principals  being  the  inspiratory  forces; 
although  he  admits  the  importance  of  expiration  in  tliis  act,  he  never- 
theless arrives  at  the  final  conclusion  that : "  There  is  only  one  mechani- 
cal cause  of  emphysema,  which  is  overexertion  of  the  inspiratory 
forces." 

Other  arguments  adduced  by  those  who  represent  the  expiratory 
theory  are  not  so  utterly  worthless  as  to  justify  their  being  passed 
OA^er  in  silence.  Expiratory  pressure  may  greatly  exceed  inspiratory 
negative  pressure — in  cough  as  much  as  57  mm.  of  mercury.  It  may 
therefore  prove  corresponcUngly  more  dangerous.  Those  portions  of 
the  lungs  which  are  compressed  by  the  thorax  and  the  contracting 
muscles  of  respiration  are  most  subject  to  become  emphysematoiLS. 
During  cough  the  distended  lungs  are  sometimes  seen  like  two  sacs 
projecting  above  the  cla^dcles.  Mendelssohn  was  the  first  to  point 
out  that  the  apices  of  the  lungs  are  more  defenseless  against  increased 
expiratory  pressure  than  all  the  other  portions  of  the  limgs,  because 
above  the  claAdcles  they  are  covered  only  by  soft  parts.  During 
forced  expiration,  and  especially  during  cough,  the  low^er  portion  of 
the  thorax  contracts  because  it  represents  practically  the  only  point 
of  insertion  of  the  expiratory  muscles.  If  forced  expiration  is  made 
while  the  glottis  is  narrowed,  the  air  is  forced  out  of  the  lower  portion 
of  the  thorax  and  part  of  it  enters  the  upper  portions  of  the  lung, 
where  the  compression  is  less.  At  this  point  the  pressure  becomes 
especialh^  high,  and  emphj'sema  is  therefore  most  marked  in  that 
area.  Of  course,  the  positive  pressure  in  the  upper  portions  of  the 
lungs  can  never  be  higher  than  in  the  lower  portions,  hence  I  am  not 
prepared  to  accept  this  explanation  of  the  greater  tendency  to  em- 
physema in  the  apices.  The  robust  muscular  roof  of  the  superior  open- 
ing of  the  thorax  is  not  to  be  despised.  In  cachectic  indi^dduals,  how- 
ever, this  circumstance  may  assume  more  or  less  importance. 

Emphysema  certainly  cannot  be  produced  without  the  coopera- 
tion of  the  inspiratory  forces,  and  as  it  is  quite  conceivable  that  it 
might  be  produced  ^Adthout  expiration,  it  would  seem  as  if  there  was 
more  in  faA^or  of  inspiration.  But  as  the  question  is  not  decided  by 
speculation,  but  by  the  observation  of  natural  processes,  it  must  be 
admitted  that  in  the  great  majority  of  cases  emphysema  is  not  pro- 
duced without  bronchial  catarrh  and  cough,  and  that  in  these  cases 
a  certain  amount  of  injmy  to  the  ahToli,  partly  by  inspiratory  trac- 
tion, but  still  more  by  expirator}'  pressure,  is  ineAdtable.  There  may 
be  isolated  cases  in  Avhich  the  emphysema  is  either  exclusiA'el}^  in- 
spiratory or  exclusively  expiratory.     But  in  Adew  of  the  difficulty  of 
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accurate  observation,   I  fear  that  such  cases  frequently  owe  their 
existence  to  one-sidetl  reasoning-  and  defective  observation. 

Thus,  Louis  has  pointed  out  that  emphysema  occurs  not  only  in 
alveoli  supplied  by  already  diseased  bronchi,  but  also  in  alveoli  the 
supplyino-  bronchi  of  which  are  perfectly  sound.  But  I  consider  it 
ab.^olutely  impossible  to  demonstrate  such  an  observation  at  the 
autopsy.  Although  the  bronchi  may  look  perfectly  healthy,  they 
may  at  the  same  time  have  been  filled  with  tenacious  mucus  which 
is  quite  enough  to  produce  the  emphysema.  Louis  is  quoted  as  an 
authority  in  many  books,  especially  French  works,  to  show  that 
catarrh  cannot  have  the  significance  ascribed  to  it  b}'  Laennec.  Louis' 
original  treatise,  which  it  is  absolutely  necessary  to  know  before  one 
is  in  a  position  to  appreciate  his  standpoint,  I  was  unfortunately  un- 
able to  procure.  It  may  be  quite  true  that  there  are  plenty  of  cases 
of  emph}'sema  ^^^thout  catarrh,  at  least  if  the  statement  is  extended 
to  compensatory  emphysema.  I  admit  also  that  there  are  cases  in 
which  the  apparently  health}^  portions  of  the  lung  are  attacked  by 
emphysema  because  other  portions  are  incapable  of  performing  their 
functions,  and  in  such  cases  it  may  be  justifiable  to  sa}'  that  the  em- 
physema has  in  all  probability  developed  without  catarrh.  The 
reader  is,  however,  referred  to  what  I  have  said  under  the  head  of 
compensatory  emphysema.  The  statement  does  not  in  the  least  apply 
to  the  form  of  the  disease  which  is  now  under  cUscussion.  While  it 
may  not  be  possible  to  draw  a  sharp  distinction  between  primary 
and  compensatory  emphysema,  difficult  theoretic  questions  cannot 
be  solved  by  an  appeal  to  doubtful  or  ambiguous  cases.  An  assump- 
tion that  may  be  perfectly  justifiable  for  certain  typical  cases  of 
compensatory  emphysema  is  not  at  all  suitable  for  typical  cases  of 
primary  emphysema.  Another  point  that  Louis  might  utihze  to  sup- 
port his  theory  is  that  in  acute  emphj^-sema,  which  occurs  during 
dyspneic  attacks,  especially  in  children,  the  cause,  according  to  many 
authors,  is  to  be  sought  exclusively  in  the  excessive  inspiratory  efforts. 
I  cannot,  however,  even  agree  to  this  argument,  and  adhere  to  the  ^iew 
that  cHffuse  emphj'sema  cannot  be  produced  by  inspiratory  over- 
exertion alone,  if  there  is  no  greater  resistance  to  the  escape  of  the  air 
than  to  its  entrance.  The  possibility  that  a  true  overdistention  of 
extensive  areas  of  the  elastic  pulmonar}'  tissue  can  be  brought  about 
by  the  inspiratory  muscles  alone  seems  to  me  very  far  fetched,  in 
view  of  the  relatively  hmited  expansibility  of  the  thorax  mider  the 
most  favorable  circumstances,  and  I  certainly  cannot  accept  the 
statement  "without  objective  demonstration.  I  acknowledge  that  it 
is  a  choice  between  one  opinion  and  another,  and  I  assume  that  what 
others  have  considered  possible  is  impossible.  If  the  advance  of 
science  should  show  that  I  am  mistaken,  it  will,  I  am  sure,  only  be  in 
the  few  cases  in  which  substantive  emphysema  develops  from  acute 
emphysema.  In  tliis  connection  I  attach  great  importance  to  the 
observations  of  two  such  cUstinguished  men  as  Rilliet  and  Barthez, 
w^ho  took  occasion  to  say  in  their  work  on  "Pneumonia"  (vol.  i,  p. 
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76)  that  "  emphysema  is  usually  bilateral,  like  pneumonia;  if  the  latter 
is  unilateral,  the  emphysema  is  usually  limited  to  the  affected  side. 
It  is  always  most  pronounced  where  inflammation  is  greatest."  If 
emphysema  were  due  to  the  effect  of  inspiratory  overexertion  alone, 
it  must  be  most  marked  on  the  sound  side,  as  there  can  be  no  doubt 
that  here  the  inspiration  makes  itself  felt  most  forcibly.  On  the 
affected  side  it  is  actually  diminished!  Evidently  the  morbid  process 
has  a  good  deal  to  do  with  the  etiology.  Waldenburg  tells  of  a  medical 
student  who  came  from  a  small  town  and  was  not  in  the  habit  of 
climbing  stairs ;  he  took  lodgings  in  Berlin  on  the  fifth  floor  of  a  house, 
and  became  emphysematous  by  this  constant  going  upstairs.  To  this 
may  be  added  another  case  reported  by  Hertz*:  "A  young  man 
twenty-five  years  of  age,  in  the  course  of  his  daily  work  had  to  carry 
pieces  of  cloth  up  a  very  steep  stairs  a  great  many  (!)  times  a  day.  In 
the  course  of  a  year  all  the  subjective  and  objective  signs  of  emphy- 
sema developed,  although  the  man  had  never  in  his  life  suffered  from 
bronchitis  or  cough."  The  same  author  in  the  same  paper  mentions 
a  case  of  Peppers :  A  man  thirty-seven  years  of  age,  who  was  employed 
in  a  factory,  developed  emphysema  without  having  had  cough  or 
bronchitis.  I  do  not  believe  that  such  cases  as  these  are  sufficiently 
authenticated  to  form  the  basis  of  a  theory;  even  the  diagnosis  of 
emphysema  appears  to  me  doubtful.  Emphysema  is  so  apt  to  be 
diagnosed  when  a  certain  degree  of  cardiac  weakness  and  obesity  are 
present.  Isolated  observations  of  this  kind  may  be  worthy  of  some 
attention;  but  to  be  utiUzed  to  prove  anything  they  would  have  to 
be  much  more  numerous  and  much  more  accurately  observed  and 
reported. 

The  controversy  over  the  question  whether  inspiration  or  expira- 
tion is  the  essential  factor  in  the  causation  of  emphysema  naturally 
directed  the  attention  to  the  mechanism  of  respiration.  The  authors 
who  took  a  prominent  part  in  this  controversy  were  regarded  as  the 
representatives  of  a  mechanical  theory,  and  many  critics,  particularly 
among  the  pathologists,  pointed  out  that  the  changes  in  the  pulmonary 
tissue  had  not  been  sufficiently  considered;  the  importance  of  the 
nutritive  disturbances  was  to  be  placed  over  against  the  mechanical 
theory.  For  my  part,  I  believe  that  this  criticism  went  too  far  in 
the  other  direction.  The  so-cafied  representatives  of  the  mechanical 
theory  were  quite  aware  of  the  significance  of  the  nutritive  disturb- 
ances. The  most  recent  investigations  in  regard  to  the  more  minute 
changes  in  the  emphysematous  lung  threw  a  clearer  light  on  the 
importance  of  the  nutritive  disturbances.  A  group  of  authors  thus 
arose  who  might  be  designated  the  representatives  of  the  dynamic 
theory,  and  who,  neglecting  to  a  certain  extent  the  mechanical  con- 
ditions, regarded  the  nutritive  disturbances  as  the  most  important 
factor.  But  many  even  of  those  who  devoted  themselves  specially 
to  microscopic  investigations  are  found  in  the  ranks  of  the  supporters 
of  the  mechanical  theory. 

*  "  Lungenemphysem,"  p.  452. 
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Some  others  have  even  gone  so  far  as  to  say  that  there  is  a  specific 
disease  of  the  puhnonary  tissue,  possessing  a  special  tendency  to  the 
formation  of  holes  in  the  interalveolar  septa,  with  ultimate  disap- 
pearance of  these  structures.  This  is  a  purely  speculative  theory. 
The  disease  has  never  been  demonstrated  by  observation,  and  its 
existence  rests  solely  on  postmortem  findings.  The  objections  raised 
by  Virchow*  against  the  production  of  emphysema  by  obstruction 
do  not  affect  the  mechanical  theory,  because  no  one  pretends  to  say 
that  emphysema  is  produced  by  actual  occlusion.  His  reasons  for 
the  distribution  of  the  pigment  pro\'e  nothing,  because  the  pigment 
is  not  firmly  attached  to  the  tissue  and  can  be  removed  even  in  old 
age.  But  his  theory  is  so  carefully  formulated  that  it  is  accepted 
by  many,  even  at  the  present  day,  and  as  it  is  that  of  a  prominent 
authority,  it  deserves  to  be  quoted  here:  ''I  am  much  inclined  to 
assume  the  existence  of  a  kind  of  primary  disease  in  the  pulmonary 
tissue,  a  disease  the  predisposition  to  which  is  developed  in  early 
life,  and  which  becomes  gradually  more  marked  as  time  goes  on. 
On  the  other  hand,  however,  I  once  more  ^\ish  to  emphasize  that  I 
am  far  from  asserting  that  the  pressure  of  the  air  contained  in  these 
alveoli  has  nothing  to  do  with  the  further  development  of  this  con- 
dition; on  the  contrary,  this  pressure  is  in  my  opinion  absolutely 
necessary.  .  .  .  But  whether  the  defective  expiration  is  always 
due  to  mechanical  obstructions  in  the  respiratory  passages  is  another 
question.  It  is  e^ddent  that  if,  for  example,  the  pulmonary  tissue 
suffers  a  material  loss  of  its  elastic  properties, — and  this  has  been 
demonstrated  to  take  place  after  inflammation, — the  retention  of 
air  in  the  alveoli  and  the  maintenance  of  the  respirator}-  conditions 
become  explicable."  I  am  ^^illing  to  admit  all  this,  but  the  assump- 
tion of  a  primary  disease  I  regard  as  absolutely  theoretic  and  alto- 
gether superfluous.  It  is  another  thing  to  concede  that  the  lungs  of 
different  incli\iduals  possess  different  powers  of  resistance,  and  that 
many  persons,  o^^dng  to  their  peculiar  constitution,  are  especially  apt 
to  acquire  emphysema.  Such  a  constitutional  weakness  may  be 
acquired  or  congenital.  It  is  to  be  regretted  that  the  characteristic 
signs  of  this  condition  are  as  yet  imknown.  On  the  other  hand, 
I  do  not  believe  myself  justified  in  discarding  altogether  the  influence 
of  heredity,  although  it  requires  to  be  much  better  supported  (see 
the  cases  cited  on  p.  264).  Every  busy  practitioner  has  observed 
how  emphysema  sometimes  becomes  especially  prominent  in  a  cer- 
tain family,  and  no  one  doubts  that  hereditary  factors  have  a  certain 
influence.  While  it  may  be  quite  possible  that  now  and  then  an 
individual  may  develop  emphysema  \sdthout  an}'  other  demonstrable 
cause  than  hereditary  predisposition,  it  is  not  enough  to  assert  that 
such  a  thing  is  possible.  Convincing  cases  must  be  collected,  and 
there  lies  the  difficulty. 

We  have  the  statements  of  Jackson  and  Greenhow  t  in  regard  to 
the  influence  of  heredity.     The  former  states  that  one  or  the  other  of 

*  Berliner  klin.  Wochenschr.,  1888,  No.  1.  t  Lancet,  1867,  ii. 
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the  parents  was  affected  in  18  among  28  emphysematous  subjects; 
and,  according  to  the  latter,  23  among  42  cases  gave  a  positive  his- 
tory of  herecUtary  predisposition  to  the  cUsease  (see  also  under  Eti- 
ology). Lebert,*  on  the  other  hand,  analyzed  100  cases,  and  in  only 
13  of  these  had  reason  to  believe  that  pulmonary  emphysema  existed 
in  the  parents.  Greenhow  regards  a  gouty  diathesis  as  especially 
predisposing  to  emphysema,  because  he  was  able  to  demonstrate 
gouty  symptoms  in  12  of  his  patients  or  their  near  relatives.  Norman 
Mooref  also  believes  that  emphysema  is  especially  apt  to  develop 
in  gouty  subjects.  In  justice  to  these  authors,  the  theory  that  a 
gouty  constitution  is  associated  with  a  special  predisposition  to  em- 
physema must  at  least  be  taken  into  consideration.  For  my  part, 
I  believe  that  so-called  gouty  emphysematous  subjects  are  really 
alcoholics.  Lebert  also  recognizes  a  constitutional  emphysema.  He 
asserts  that  in  at  least  7%  of  his  cases  emphysema  was  demonstrable 
in  early  youth  without  deformity  of  the  thorax  and  without  pul- 
monary catarrh.  I  am  still  convinced  that  these  statements  rest  on 
inadequate  observation. 

The  opinion  of  such  a  distinguished  and  able  investigator  as  Ville- 
min  cannot  be  disregarded.  He  devoted  an  extensive  article  {  to  the 
subject  of  emphysema.  According  to  him,  the  walls  of  the  alveoli 
contain  nuclei  which  hypertrophy  and  effect  compression  of  the  capil- 
laries. As  a  result,  secondary  nutritive  disturbances  take  place  in 
the  alveolar  walls  and  in  the  nuclei  themselves,  which  undergo  fatty 
degeneration  and  are  converted  into  sputum.  In  this  way  the  alveolar 
walls  disappear  and  several  alveoli  coalesce.  Interlobar  and  sub- 
pleural  emphysema  is  also  produced  in  this  way.  The  elasticity  of 
the  alveoli  is  impaired  by  this  disease  and  they  retain  a  gradually 
increasing  quantity  of  air.  The  cough,  which  even  in  the  first  stage 
of  the  development  of  emphysema  is  short  and  dry,  is  produced  re- 
flexly,  according  to  Virchow,  by  the  morbid  process  in  the  alveoli. 
The  bronchitis,  on  the  other  hand,  is  secondary;  and  this,  he  says, 
explains  the  observations  of  Louis,  Andral,  and  Her\deux  of  emphy- 
sema without  bronchitis  or  antecedent  to  bronchitis.  Cough  causes 
laceration  of  the  altered  alveoli,  and  thus  hastens  the  development 
of  an  emphj^sema ;  the  influence  of  the  cough  is  then  reinforced  by  the 
bronchitis.  According  to  his  view,  therefore,  the  primary  cause  is 
a  tissue  change  due  to  some  hitherto  unknown  cause,  a  \dew  which, 
like  that  of  Virchow  quoted  above,  rests  on  insufficient  observation. 
The  cases  without  bronchitis  or  preceding  bronchitis  are  open  to 
criticism,  and  do  not  appear  to  me  for  the  present  sufficiently  authentic 
to  serve  as  a  basis  for  a  theory. 

Freund  §  finds  the  cause  of  emphysema  in  a  primary  nutritive 
disturbance  of  the  costal  cartilages ;  he  gives  a  very  thorough,  though 

*  Klinik  der  Brustkrankheiten.  f  Path.  Soc.  Trans.,  vol.  xxxiii. 

J  Archives  generates,  1866,-  ii,  p.  566. 

§  "Der  Zusammenhang  gewisser  Lungenkrankheiten  niit  primaren  RiiDpenknor- 
pel-Anomalien."  Erlanger,  1859. 
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unfortunately  somewhat  unintelligible,  explanation  of  the  mechanism 
of  the  ribs,  and  the  importance  of  this  mechanism  is  recognized  by 
every  one  who  has  written  on  respiratory  mo\-ements.  If  this  mechan- 
ism is  injured,  the  resj)iration  must  suffer — of  that  there  is  no  question. 
That  the  mechanism  becomes  greatly  damaged  in  emphysema  is  also 
above  dispute,  and  Freund  deserves  credit  for  bringing  con^4ncing 
proof  of  this  fact.  He  began  ])y  studying  the  texture  of  the  costal 
cartilages,  the  changes  in  which  he  describcnl  very  accurately.  An 
increase  in  the  size  of  the  cartilage  is  brought  about  by  the.se  changes 
and,  as  it  is  placed  between  two  bones, — the  sternum  and  the  rib, — 
it  constantly  tends  to  force  these  bones  apart.  As  the  process  gradu- 
ally advances,  the  rib  is  forced  after  a  long  time  to  make  an  inspira- 
tory movement.  In  the  same  way  the  sternum  is  forced  forward  and 
upward.  "The  result  of  this  anomaly  is,  in  the  first  place,  that  the 
constant  expiratory  space  of  the  thoracic  cage  gradually  expands  in 
all  directions,  beginning  with  the  anterior  circumference,  and,  in  the 
second  place,  that  inspiration,  which  in  part  is  preoccupied  (!)  [ushered 
in? — Ed.]  in  the  inspiratory  position,  becomes  less  effective,  as  does 
also  the  expiration,  because  the  latter  is  unable  properly  to  empty 
the  air-distended  lung.  The  cause  of  pulmonary  emphysema  is  to 
be  foimd  in  these  changes  of  the  shape  and  function  of  the  thoracic 
wall,  instead  of  these  changes,  as  has  hitherto  been  thought,  being 
the  consequences  of  emphysema." 

The  results  of  Freund 's  investigations  afford  a  good  illustration 
of  the  difficulty  of  distinguishing  cause  from  effect  in  mecUcine.  The 
alterations  are  so  involved  and  the  relations  so  complex  that  it  is 
quite  impossible  to  say,  when  the  disease  has  become  w'ell  developed, 
what  is  primary  and  what  is  not.  Such  questions  cannot  be  decided 
by  ratiocination.*  The  interpretation  of  the  facts  observed  in  the 
formative  stage  of  the  disease  is  exceedingly  difficult,  and  often  leaves 
us  in  the  lurch.  For  the  present  I  belie^'e  that,  while  certain  cUseases 
of  the  air-passages  are  to  be  regarded  as  the  causd  of  emph^^sema, 
there  are  also  cases  in  which  the  rigidit}"  of  the  walls  of  the  thorax 
manifests  itself  as  the  primary  lesion,  and  tliis  I  believe  to  be  espe- 
cially true  in  cases  of  senile  emphysema  and  emphysema  of  arterio- 
sclerotic indi^dduals  and  persons  suffering  from  certain  forms  of  heart 
disease.  But  Freund  is  mistaken  in  thinking  that  the  lung  is  abso- 
lutely powerless  to  resist  the  action  of  the  thoracic  wall,  and  if  he 
cites  the  authority  of  no  less  a  person  than  Bonders  in  support  of  his 
theory,  the  only  answer  is  that  Bonders  also  was  mistaken.  I  quote 
Bonders'  instructive  passage  in  extenso.  He  is  speaking  of  the  dia- 
phragm: "It  has  been  said  that  the  cUstended  lungs  force  the  dia- 
phragm do^Miward ;  but  whence  do  they  derive  the  power  that  enables 
them  to  do  this?  Is  it  not  true  that  the  shape  of  the  lungs,  as  long  as 
they  are  distended,  is  determined  by  the  shape  of  the  thoracic  cage  ? 
and,  if  so,  how  can  the  lung,  which  in  emphysema  is  excessively  cUs- 

*A  "law"  such  as  that  formulated  bj'  Freund  is  quite  properly  rejected  by 
Fournet. 


288  ,  EMPHYSEMA. 

tended,  modify  the  shape  of  the  thoracic  cage?"  Bonders  overlooks 
the  fact  that  when  the  lung  is  distended  with  air,  and  the  air  is  unable 
to  escape,  the  diaphragm  is  prevented  from  returning  to  its  normal 
position  of  relaxation.  The  lungs  do  not  exert  active  compression, 
but  they  do  offer  resistance,  which  is  quite  enough.  And  just  as  the 
lungs  are  able  to  influence  the  diaphragm,  so  they  are  also  able  to 
influence  the  shape  of  the  thorax. 

It  would  be  as  one-sided  to  say  that  the  shape  of  the  thorax 
is  determined  solely  by  the  lungs  as  to  say  that  the  shape  of,  the 
lungs  can  only  be  determined  by  the  thoracic  wall.  In  each  case 
morbid  processes  in  the  one  react  on  the  other  by  producing  symptoms. 
The  one-sided  theory  is  therefore  quite  as  erroneous  as  the  one-sided 
theory  in  regard  to  the  lungs.  Observation  shows,  so  far  as  we  are 
able  to  judge  of  the  question  now,  that  in  the  majority  of  cases  the 
pulmonary  theory  holds  good,  but  that  there  is  also  a  good  deal  of 
room  for  the  thoracic  theory.  J.  Lange  *  advanced  the  theory  that 
emphysema  is  produced  by  a  paralytic  neurosis  of  one  or  several 
of  the  nerve-branches  distributed  to  the  finest  bronchioles  and  in- 
nervating the  bronchial  muscles.  The  contractile  power  of  the  lung 
is  diminished ;  as  a  result  the  residual  air  is  increased,  and  the  elastic 
fibers  are  stretched  beyond  the  hmits  of  elasticity.  It  is  not  incon- 
ceivable that  the  advance  in  neuropathology  might  put  us  in  posses- 
sion of  cases  of  emphysema  originating  according  to  Lange 's  theory, 
but  for  the  present  it  must  still  be  regarded  as  purely  speculative. 
I  refer  to  Ziertmann's  communication  cited  above. 

Grawitz,t  in  connection  with  his  views  in  regard  to  connective 
tissue  and  connective-tissue  cells,  also  advanced  a  theory  about  em- 
physema. Criticism  of  these  views  is  out  of  the  question  in  this 
volume ;  that  may  safely  be  left  to  the  pathologists.  Grawitz  refuses 
to  have  anything  to  do  with  mechanical  influences ;  he  is  one  of  the 
most  extreme  supporters  of  the  dynamic  theory.  He  discards  the 
mechanical  theory  on  the  ground  that  the  portions  of  the  lung  behind 
an  obstruction  in  the  bronchi  become  atelectatic  %  and  the  forced  expul- 
sive movements  during  cough  produce  an  interstitial  and  not  a  genuine 
emphysema.  He  then  calls  attention  to  the  fact  that  emphj^sema 
occurs  especially  in  the  anterior,  sharp  border  of  the  lungs,  and  that 
the  emphysematous  areas  contain  very  little  coal-dust.  From  this 
he  concludes  that  the  causative  element  is  not  derived  from  the  air- 
passages,  but  from  the  circulation.  He  distinguishes  a  dropsical 
emphysema,  which  develops  chiefly  in  persons  suffering  from  heart 
disease,  an  inflammatory,  and  a  senile  form.  The  slumbering  cells 
in  the  ground-substance  are  awakened  into  action  by  the  primary 
injury;  while  before  they  were  invisible  and  refused  to  take  a  stain, 

*  "  Ueber  das  substantive  Lungenemphysem  und  dessen  Behandlung,"  Dresden, 
1870. 

t  Deutsche  med.  Wochenschr.,  1892,  No.  10.  ♦ 

J  He  evidently  agrees  with  Virchow.  I  must  insist,  however,  that  the  bronchi 
are  not  assumed  to  be  occluded,  but  merely  obstructed  so  as  to  interfere  with  the 
free  circulation  of  air. 
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they  now  make  thoir  appoaranco  and  bocomo  activo,  take  up  par- 
ticles of  coal-tliist  with  which  they  enter  the  lymph  channels  and  are 
carried  off.  The  injury  that  is  responsible  for  the  development  of 
this  process  and  leads  to  the  disappearance  of  the  alveolar  septa  and 
of  the  connective  tissue  in  the  dropsical  form  is  a  disturbance  of 
circulation;  in  the  inflammatory  form,  an  inflammatory  irritation 
which  is  not  specific;  in  the  senile  form,  deficient  nutrition  owing  to 
the  decay  of  the  circulatory  apparatus.  The  same  applies  to  the 
elastic  fibers.  They  also  form  tingible  nuclei  at  definite  intervals. 
The  adjoining  segment  of  fiber  gradually  becomes  granular  and  the 
elastic  fibers  are  thus  converted  into  spindle  cells. 

According  to  Ivlaesi,  the  excessive  dilatation  of  the  alveoli  is  the 
primary  cause  of  the  detachment  of  the  epithelial  cells  from  their 
foundation  and  from  one  another,  the  detachment  being  most  active 
in  the  capillaries.  This  leads  secondarily  to  an  impairment  of  the 
nutrition  and  a  reduction  in  the  quantity  of  water  (?)  contained  in 
the  walls  of  the  capillaries.  The  epithelial  cells  degenerate,  leaving 
only  a  thin  lamella  incapable  of  offering  any  resistance,  especially 
in  the  alveolar  septa,  where  the  degenerative  process  first  makes  its 
appearance.  This  lamella  disappears  by  absorption  or  degeneration, 
and  the  elastic  fibers  embedded  \^dthin  it  also  disappear  or  retract  and 
surroimd  the  opening.  The  larger  tliis  opening,  the  thicker  ceteris 
paribus  is  the  layer  of  elastic  tissue,  the  formation  of  which  is  ex- 
plained by  a  gradual  pushing  apart  of  the  fibers.  The  epithelial  de- 
generation ushers  in  the  cHsappearance  of  the  capillaries;  the  capil- 
laries ha\'e  lost  their  support.  By  distention  and  dilatation  their 
limien  is  reduced  to  a  minimum,  the  walls  are  brought  into  apposition, 
degenerate,  and  finally  disappear. 

In  this  explanation  the  increased  pressure  in  the  alveoli  is  really 
regarded  as  the  origin  of  the  disturbance,  and  Klaesi's  theory  is  not 
improperly  characterized  as  a  purely  dynamic  theory. 

Auld  *  also  reached  the  conclusion  that  the  changes  in  the  capil- 
laries are  always  preceded  by  alterations  of  the  epithelium  and  of 
the  connective  tissue. 

The  theories  of  Thierf elder,  f  Rindfleisch,J  Hertz,  Eppinger,§  and 
Rainey,  ||  based  on  accurate  observations  of  the  microscopic  conditions, 
practically  admit  the  existence  of  some  form  of  injury  which  brings 
about  distention  and  increased  pressure  in  these  alveoli,  followed  by 
alterations  of  the  texture  of  those  structures.  Jackson  insists  par- 
ticularly on  the  degeneration  of  the  capillaries ;  Klob  ^"^  speaks  of  cell 
proliferation  in  the  capillaries  with  resulting  obliteration. 

Bayer  ft  made  a  special  study  of  the  nuclei  said  by  Wagner  to  be 

*  Lancet,  1893.  t  "  Atlas,"  1872. 

J  "Lehrbuch  der  pathologischen  Gewebelehre." 
§  Prager  Vierteljahrschrift,  1876,  vol.  cxxxii. 

\\Brit.  Med.  Jour.,  June  26,  1868. 

**  Oppolzer,  "Vorlesungen  liber  specielle  Pathologic  und  Therapie." 

tt  Archiv  der  Heilkunde,  xi,  1870. 
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present  in  abundance  in  the  tissues  of  emphysematous  lungs.  They 
are  evidently  the  same  as  those  observed  by  Villemin,  which  Biermer 
regards  as  the  nuclei  of  epithelial  cells.  Bayer,  however,  found  that, 
in  addition  to  these,  other  nuclei  are  undoubtedly  found  in  the  con- 
nective tissue,  which  must  be  regarded  as  true  stroma-nuclei  inde- 
pendent of  epithelial  cells,  capillaries,  or  smooth  muscle-fibers.  He 
acknowledges  that  the  multiplication  of  the  structures  that  he  ob- 
served is  only  apparent,  being  simulated  by  the  fact  that  the  stretched 
walls,  due  to  the  emphysematous  distention  of  the  alveoli,  simply 
bring  a  greater  number  of  nuclei  into  the  same  place.  He  believes, 
however,  that  in  certain  old  cases  of  emphysema  a  true  increase  in 
size  and  number  of  the  nuclear  elements  takes  place,  and  that  in  the 
cavities  originally  produced  by  atrophy  a  secondary  thickening  of  the 
walls  occurs.  Accordingly,  he  refutes  the  theory  of  Villemin  and 
assumes  a  modification  of  the  circulatory  conditions — reinforced  by 
mechanical  agencies — as  the  basis  for  development  of  vesicular  em- 
physema, excepting  only  those  cases  that  develop  rapidly  under  the 
influence  of  special  forces.  This  modification  of  the  circulation  may, 
of  course,  be  brought  about  in  a  variety  of  ways.  Bayer  even  men- 
tions the  possibility  of  a  primary  loss  of  elasticity  in  the  pulmonary 
artery.  He  acknowledges  that  there  are  a  great  many  possibilities, 
and  freely  admits  the  importance  of  ^dolent  causes  of  a  purely  mechani- 
cal nature. 

According  to  Caprozzi,  Morgagni  as  early  as  1870  stated  that  em- 
physema is  a  result  of  certain  forms  of  bronchitis  which  render  the 
alveolar  walls  edematous  and  thus  destroy  their  elasticity.  I  regret 
that  I  was  not  able  to  obtain  the  original  paper.  Although  pathologic 
investigations  have  done  much  toward  clearing  up  our  ideas  on  this 
question,  it  cannot  be  said  to  have  been  demonstrated  that  the  pri- 
mary cause  of  emphysema  resides  in  a  diseased  condition  of  any  one 
tissue.  The  importance  of  the  mechanism  of  respiration  asserts  itself 
everywhere,  and  in  the  great  majority  of  cases,  after  a  minute  scrutiny 
of  the  tissues  of  the  lungs,  one  is  forced  to  take  a  stand  in  favor  of  the 
mechanical  theory. 

Changes  in  the  mechanism  of  respiration  in  healthy  indi^dduals 
not  exceeding  the  limits  of  health  can  never  in  themselves  lead  to 
emphysema ;  so  much  is  clear  a  priori,  and  has  been  established  again 
and  again  by  numerous  discussions  and  observations,  among  which 
may  be  mentioned  the  observations  made  on  singers  by  Lagrange  and 
Wassiljew  and  on  mountain  climbers  by  Fortassini.  There  must  be 
some  actual  pathologic  change  which  cannot  remain  purely  mechanical. 
Even  though  the  original  injury  is  mechanical,  dynamic  effects  are 
at  once  produced,  and  if  the  injury  is  dynamic  to  begin  with,  the 
mechanical  features  at  once  contribute  their  deleterious  influence. 
For  these  considerations  it  will  be  difficult  to  find  any  one  at  the 
present  time  willing  to  take  an  exclusive  stand.  There  is  an  indis- 
soluble connection  between  disturbances  of  mechanism  and  impair- 
ment of  nutrition. 
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To  continue  the  search  after  the  primar}^  cause  is  a  mistake,  simply 
because  clinical  observations  have  shown  that,  so  far  as  is  known, 
there  is  no  primar}-  cause  for  emphysema.  Emphysema  is  not  a 
primary  disease,  but  a  sequel  of  various  diseases,  the  terminal  stage 
of  various  diseases  which  injure  the  mechanism  of  respiration  in 
similar  ways  and  produce  similar  nutritive  distm'bances  in  the  pul- 
monar)^  tissue. 

We  are  forced,  therefore,  to  assume  an  intermediate  position,  and 
this  has  now  been  done  by  most  authors.  Biermer"*"  first  laid  the 
foimdations  for  tliis  intermediate  theory,  Niemeyer  and  Gerhardt  ac- 
cepted it;  the  works  of  Hertz,  Homolle,  Koranyi,  and  Liebermeister, 
and,  more  recently,  the  writings  of  Striimpell,  Fleischer,  and  Len- 
hartz,  give  expression  to  a  similar  \iew.  These  authorities,  unlike 
former  writers,  abstain  from  setting  up  a  theory  in  regard  to  the 
nature  of  the  disease  and  from  trying  to  force  an  explanation  of 
everything  that  does  not  at  once  fit  in  -snth  such  a  theory. 

It  is  worth  noting  that  certain  diseases  have  been  regarded  as 
antagonistic  to  emphysema.  Xo  less  an  authority  than  Rokitansk}' 
says  that  emphysema  and  pulmonary  tuberculosis  occupy  a  relation 
of  mutual  exclusion.'\  As  a  matter  of  fact,  emphysema  is  found  often 
enough  in  tuberculosis;  but  it  is  a  compensatory  emphysema,  and 
does  not  belong  to  the  present  cUscussion.  On  the  other  hand,  an 
emphysematous  lung  is  a  distinctly  imfavorable  soil  for  the  develop- 
ment of  tuberculosis.  This  is  explained  in  various  ways.  Some  be- 
Heve  that  the  atrophic  anemic  condition  of  the  limg  is  a  reason  why  the 
tubercle  bacilli  fail  to  find  favorable  conditions  for  their  propagation; 
others  that  the  insufficient  inspiration  is  unfavorable  for  the  trans- 
portation of  the  bacilli.  For  my  part,  I  am  not  inclined  to  attach 
weight  to  this  relation  of  mutual  exclusion.  It  is  a  matter  of  observa- 
tion both  that  tuberculous  subjects  may  become  emphysematous, 
and  that  emphysematous  subjects  may  develop  tuberculosis;  only  one 
disease  masks  the  symptoms  of  the  other  or  even  renders  the  diagnosis 
impossible.  There  is  a  want  of  well-sifted  and  well-observed  cases 
bearing  on  the  question,  and  a  statement  based  on  general  impressions 
is  very  apt  to  be  misleading. 

Even  Louis  and  Fauvel  cite  cases  of  miliary  tuberculosis  -^-ith  em- 
phj'sema.  Burkhardt  observed  miliary  tuberculosis  in  12  out  of  18 
cases  of  emphysema,  and  in  recent  times  Heidler  J  observed  another 
case  of  tuberculosis  in  an  emphysematous  subject.  "WTiile  I  am  en- 
gaged on  this  manuscript,  there  is  brought  to  me  a  section  of  a  lung 
which  on  the  left  side  is  phthisical  and  adherent  to  the  thoracic  wall 
by  a  thick  plastic  exudate,  wliile  the  right  side  is  typically  emphy- 
sematoas.  Both  lungs  are  uniformly  covered  with  innimierable 
miliary  nodules. 

*  "  Handbuch,"  edited  by  Virchow. 

t  Koranyi  distinctlj'  saj's  that  emphysematous  subjects  comparatively  rarely 
develop  pneumonia,  and  still  more  rarely  tuberculosis. 
%  Wipnpr  med.  Wochenschr.,  1889,  Xos.  4,  5. 
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Bouillaud,  Oppolzer,  Biermer,  and  others  believe  that  there  is  a 
relation  of  mutual  exclusion  between  emphysema  ami  cardiac  disease. 
They  say  that  emphysematous  subjects  are  less  disposed  to  develop 
rheumatism  and  cardiac  lesions.  Biermer  adds  that,  although  slight 
grades  of  emphysema  are  sometimes  observed  in  conjunction  with 
valvular  lesions,  the  emphysema  in  such  cases  is  to  be  regarded  chiefly 
as  a  consequence  of  the  respiratory  disturbances  due  to  the  cardiac 
lesion.  In  answer  to  this,  it  may  be  observed  that  emphysema  in  its 
most  classic  and  most  familiar  form  is  nothing  more  than  the  con- 
sequence of  respiratory  disturbances  dependent  on  bronchial  catarrh. 

Certain  views  have  been  advanced  in  connection  with  the  answer 
to  the  question  whether  mitral  or  valvular  lesions  are  apt  to  be  asso- 
ciated with  emphysema.  Marfan  says  that  emphysema  frequently 
accompanies  aortic  disease.  Biermer  is  of  the  opinion  that  atheroma 
is  a  more  frequent  accompaniment  of  emphysema  than  endocarcUtis, 
and  it  is  admitted  that  atheroma  is  the  chief  source  of  aortic  disease. 
On  the  other  hand,  the  diseases  of  the  myocardium  have  been  imduly 
neglected,  for  they  undoubtedly  predispose  to  pulmonary  catarrh  and 
emphysema.  There  is  no  question  in  my  mind  that  many  conditions 
were  formerly  diagnosed  as  emphysema  which  on  more  careful  ex- 
amination would  have  been  regarded  as  myocarditis.  The  trouble 
in  the  past  has  been  that  emphysema  was  too  much  regarded  as  an 
idiopathic,  primary  disease.  It  is  necessary  to  become  familiar  with 
the  thought  that  it  is  not  a  primary  disease,  but  only  a  sequel. 

Biermer  concludes  his  remarks  on  the  subject  of  mutual  exclusion 
by  saying  that  emphysematous  patients  appear,  on  the  whole,  to  be 
less  disposed  to  croupous  pneumonia  and  other  acute  inflammatory 
diseases.  There  is  no  doubt  that  hepatized  emphysema  is  rarely 
seen  at  the  autopsy  table. 

COURSE. 

Diffuse  emphysema  occurs  in  various  forms.  An  acute  form  might 
first  be  distinguished.  Any  excessive  respiratory  exertion  in  acute 
diseases,  in  which  there  is  some  obstruction  in  the  air-passages,  may 
in  a  short  time  lead  to  the  development  of  a  high  grade  of  distention 
in  the  lungs.  The  distention,  as  a  rule,  only  lasts  a  short  time,  and 
disappears  along  with  the  subsidence  of  the  primary  disease. 

In  such  cases  the  term  "acute  pulmonary  distention^'  instead  of 
"emphysema"  is  usually  employed;  for,  it  is  said,  emphysema  im- 
plies the  existence  of  characteristic  pathologic  changes,  such  as  atrophy 
of  the  walls,  dilatation  of  the  pore-canals,  disappearance  of  the 
capillaries,  for  the  production  of  which  no  time  is  afforded  in  acute 
pulmonary  distention. 

It  is,  of  course,  impossible  to  draw  a  sharp  distinction  between 
pulmonary  distention  and  emphysema.  From  a  pathologic  stand- 
point it  may  be  said  that  emphysema  is  present  only  when  the  above- 
described  changes  are  present  in  the  epithelium  and  in  the  blood- 
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vessels  of  tlic  luii<!;s.  In  practice  we  speak  of  pulmonary  distention 
when  the  condition  occurs  rather  suddenly  in  the  course  of  an  acute 
disease  and  there  is  reason  to  hope  that  the  lung  is  still  capable  of 
perfect  regi^neration,  although  the  physician  is  always  prepared  for 
the  transition  to  genuine  chronic  enii)hysenia.  Thus,  when  a  foreign 
body,  for  example,  has  entered  the  lung,  an  obstinate  cough  results 
which  may  lead  to  pulmonary  distention.  Koranyi  relates  the  case 
of  a  child  with  a  melon-seed  in  the  right  bronchus,  ^^iolent  cough 
and  attacks  of  asphyxia  sujjervened,  and  within  a  month  distention, 
chiefly  on  the  right  side,  but  also  noticeable  on  the  left,  could  be 
demonstrated.  Four  months  later  a  fortunate  accident  brought  about 
the  expulsion  of  the  melon-seed,  which  had  meanwhile  become  coated 
with  a  fine  layer  of  calcium,  and  within  a  month  of  the  expulsion  of  the 
foreign  body  the  lung  had  returned  to  its  normal  boundaries.  This 
case  can,  of  course,  be  regartled  as  one  of  acute  emphysema,  or  it  may 
be  designated  as  a  case  of  pulmonary  cUstention  of  unusual  duration, 
not  deserving  the  name  of  emphysema.  Since  everj^  asthmatic  attack 
is  unquestionably  accompanied  l^y  pulmonary  distention  which  gradu- 
ally becomes  constant,  why  should  we  hesitate  to  speak  of  emphysema 
in  asthma?  Where  does  chstention  end  and  emphysema  begin?  Sharp 
cUstinctions  alwaj'^s  are  and  always  mil  be  unsatisfactor}-  they  are 
pm-ely  artificial;  and  natm-e,  in  the  wealth  and  variety  of  cases,  laughs 
at  classification.  It  is,  however,  demanded  in  a  work  of  scientific 
description,  and  we  therefore  speak  of  emphysema  in  all  cases  in 
which  pulmonary  distention  has  existed  longer  than  a  week.  Some 
authors  decline  to  call  such  cases  emphj^sema  if  they  later  undergo 
involution,  and  suggest  the  term  permanent  inspiratory  alveolar 
ectasis.  For  my  part,  I  cannot  see  that  ami:hing  is  gained  by  the 
introduction  of  this  new  term  except  increased  confusion.  We  call 
emphysema  acute  when  the  condition  ends  in  a  return  to  the  normal, 
and  we  call  it  chronic  when  it  remains  permanent.  Tliis  distinction 
is  all  the  easier  as  emphysema  of  one  year's  duration  is  certain  not  to 
undergo  involution  and  becomes  chronic  beyond  the  possibility  of  a 
doubt.  The  question  whether  emphysema  is  destined  to  be  acute  or 
chronic  could  easily  be  determined  beforehand  b}^  a  consideration  of 
the  mode  of  origin  and  the  age  of  the  patient. 

Acute  emphysema  usually  belongs  to  earl}^  j^outh.  After  a  certain 
age,  usually  as  early  as  the  second  decade,  the  elastic  fiber  has  so  far 
lost  its  youthful  characteristics  that  it  is  unable  to  return  to  its  normal 
condition  after  being  overdistended. 

Acute  emphysema  begins  in  the  course  of  any  acute  disease  that  is 
attended  with  marked  interference  with  the  free  circulation  of  air  in 
the  bronchial  tree.  Diseases  characterized  by  violent  cough,  and 
therefore  by  sudden  marked  increase  in  the  pressm^e  within  the  bron- 
chial tree,  offer  special  opportmiities  for  the  production  of  pulmonary 
distention  and  acute  emphysema,  since  any  distention  of  the  lungs  may 
form  the  starting-point  for  emphysema.  The  concUtion  develops 
most  frequently  after  whooping-cough.     A  few  weeks  after  the  begin- 
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ning  of  whooping-cough  emphysema  may  be  completely  developed. 
In  favorable  cases  recovery  is  possible,  but  in  unfavorable  cases  asth- 
matic attacks  make  their  appearance  and  chronic  emphysema  finally 
remains. 

The  same  is  true  of  croup  and  measles,  and  to  a  much  less  degree 
of  pneumonia,  although  cases  of  emphysema  are  not  unheard  of  in 
the  latter  disease.  Individuals  who  imprudently  exert  themselves 
after  pneumonia  or  other  infectious  diseases  often  develop  emphy- 
sema. Two  cases  might  be  cited  of  enthusiastic  wheelmen,  one  of 
whom  after  pneumonia,  and  the  other  after  typhoid,  contracted  catarrh 
as  a  result  of  overindulgence  in  his  favorite  pastime,  and  later  de- 
veloped an  emphysema.  I  have  no  doubt  that  any  infectious  disease 
may  become  a  menace  in  this  way. 

True  primary  emphysema  may,  therefore,  develop  from  acute 
pulmonary  chstention,  but  the  great  majority  of  cases  are  chronic 
from  the  outset  and  begin  with  bronchial  catarrh.  The  latter  may  be 
a  simple  catarrh  -without  any  comphcations  whatever.  If  it  persists 
long  enough  and  the  secretion  remains  tenacious  and  cUfhcult  to 
expectorate,  as  is  the  more  hkely  to  happen  in  chronic  catarrh  the 
longer  the  disease  lasts,  emphysema  is  the  inevitable  result.  In  such 
a  case  emphysema  is  not  a  special  disease  at  all;  it  is  simply  the  second 
stage  of  chronic  bronchitis.  Exactly  the  same  thing  is  true  of  the 
numerous  varieties  of  emphysema  that  follow  asthma.  Asthma  is 
even  more  certain  than  simple  catarrh  to  produce  emphysema,  for  the 
peculiar  tenaciousness  of  asthmatic  sputum  is  the  etiologic  factor  yar 
excellence.  Here  also  it  may  be  said  that  emphysema  is  not  a  disease 
'per  se;  by  its  development  the  picture  of  asthma  is  simply  modified, 
and  emphysema  becomes  a  second  stage  in  the  clinical  picture  of 
asthma.  When  the  other  forms  of  emphysema  are  examined,  the 
same  peculiarity  is  observed.  In  alcoholics,  in'  heart  patients,  in 
arteriosclerotics,  emphysema  is  always  preceded  by  some  other  morbid 
condition  wliich  gradually  leads  to  the  development  of  the  cUsease. 
The  only  exception  is  to  be  found  in  performers  on  wind-instruments 
who  do  not  possess  the  skill  or  the  powers  of  resistance  requisite  for 
their  calling.  In  these,  emphysema  may  sometimes  appear  as  a 
primary  disease  from  the  outset.  But  even  in  these  cases  it  is  not 
probable  that  the  condition  is  quite  so  simple. 

At  any  rate,  when  the  emphysema  has  attained  a  certain  degree, 
it  so  dominates  the  clinical  picture  that  it  may  be  regarded  chnically 
as  an  independent  disease ;  it  gives  rise  to  a  very  definite  symptom- 
complex  and  leads  to  very  characteristic  consequences  no  matter  what 
the  manner  of  its  origin  may  be.  Numerous  variations  in  the  severity 
of  the  symptoms  and  in  the  order  in  which  they  appear,  and  variations 
in  the  appearance  of  the  sequels,  nevertheless  depend  on  cUfferences 
in  the  beginning  of  the  disease.  Bronchitic  emphysema  is  not  exactly 
like  asthmatic,  and  certainly  not  like  arteriosclerotic  emphysema  or 
the  form  observed  among  glass-blowers,  although  the  main  features 
may  coincide.     But  the  general  agreement  is  so  marked;  the  various 
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secoiularv  forms  present  such  numerous  minute  differences  in  symp- 
tomatology and  in  the  chnical  course ;  the  transition  from  one  form 
to  another  is  so  gradual,  that  the  attempt  to  set  up  a  further  sub- 
division has  so  far  failetl  to  secure  general  approljati(jn.  I  shall 
return  to  this  point  at  the  end  of  the  article. 

As  soon  as  a  chronic  emphysematous  condition  has  developed,  the 
patients  become  dyspneic  and  are  constantly  troubled  by  a  liability 
to  catarrh.  Their  comfort  is  very  much  dependent  on  the  weather; 
during  the  inclement  season  they  feel  worse,  and  during  the  sum- 
mer they  feel  better.  A  certain  degree  of  anemia  develops.  They 
gradually  become  less  and  less  able  to  work ;  soon  a  very  short  walk 
becomes  a  great  effort.  The  dyspnea  periodically  becomes  aggra- 
vated and  violent  attacks  are  observed  which  closeh^  simulate  asth- 
matic attacks;  it  is  fomid,  however,  that  only  those  who  are  true 
asthmatics  had  suffered  from  these  attacks  before  they  developed 
emphysema ;  in  all  other  patients  they  occur  for  the  first  time  after  the 
emphysema  has  developed.  In  many  cases  it  is  cjuite  impossible  to 
distinguish  asthmatic  from  pseudo-asthmatic  attacks. 

The  subsequent  course  of  the  disease  depends  very  much  on  ex- 
ternal circumstances,  and  on  the  kind  of  life  the  patient  leads.  Work- 
ing people  as  a  class  suffer  most  from  the  disease,  partly  because  they 
cannot  take  proper  care  of  themselves,  and  partly  because  they  injure 
themselves  by  their  bad  habits  and  reckless  way  of  living.  The  rich 
man,  however,  if  he  is  imprudent,  is  no  better  off.  The  heart  becomes 
involved  and  the  patient  enters  on  a  precipitous  path  which  sooner 
or  later  carries  him  down  hill  to  the  end.  Even  in  this  stage  an  aston- 
ishing degree  of  improvement  is  often  attainable,  but  it  is  rarely  very 
lasting.  The  relations  are  extremely  complex.  The  compensatory 
hypertroph}'  of  the  right  ventricle  may  be  impaired  by  malnutrition, 
and  fatty  degeneration  of  the  heart,  although  it  is  still  to  a  certain 
extent  amenable  to  treatment ;  if,  however,  atheroma  of  the  coronary 
vessels  develops,  with  the  formation  of  foci  and  wheals,  regeneration 
is  impossible.  Even  simple  degeneration  of  the  heart  muscles  ultim- 
ately becomes  irreparable,  stasis  becomes  chronic,  and  the  patients 
appear  either  as  miserable,  cachectic,  pale  individuals  with  pronounced 
edema,  drops}^,  and  anasarca;  or  strong-looking  men  with  bloated 
features,  and  blue  discoloration  of  the  mucous  membranes  and  promi- 
nent portions  of  the  body — the  condition  known  as  akrocj^anosis,  in 
which  the  nose,  chin,  fingers,  toes,  knees,  and  elbows  are  especiall}^ 
cUscolored.  Even  in  this  more  robust  class  of  patients  edema  makes 
its  appearance,  and  the  enlargement  of  the  liver  and  albuminuria  that 
are  present  indicate .  considerable  accumulation  of  slowh"  circulating 
blood  in  the  large  glands  of  the  abdomen.  There  are,  therefore, 
anemic  and  cyanotic  emphysematous  patients.  Of  com'se,  there  is  no 
lack  of  transitional  forms  between  these  two  extremes,  but  for  prac- 
tical pm-poses  I  prefer  to  keep  the  two  separate. 

The  cyanotic  patients  are,  as  a  rule,  those  who  have  suffered  from 
bronchitis,  asthma,  or  heart  disease,  and  those  wiio  are  alcoholic;  the 
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anemic  group  includes  old  people  and  arteriosclerotic  persons  in 
general.  In  the  former  group  dyspnea  is  usually  more  intense  and 
the  signs  of  stasis  are  more  conspicuous.  In  the  latter,  the  patients, 
who  do  not  complain  so  much  of  dyspnea,  are  atrophic,  physically 
depraved  individuals.  The  chest,  instead  of  being  enlarged,  appears 
smaller  than  normal.  The  intercostal  spaces  are  unusually  wide ;  the 
ribs  are  displaced  downward,  the  lowest  pair  being  found  near  the 
crest  of  the  ilium.  The  cardiac  dulness  is  not  masked  by  the  pul- 
monary resonance  and  the  position  of  the  diaphragm  is  not  lower 
than  normal.  It  is  true  that  the  heart  becomes  atrophic;  but,  as  the 
whole  body  is  also  atrophic,  the  heart  suffices  to  distribute  the  blood 
required,  there  is  little  tendency  to  hypertrophy  of  the  right  ventricle, 
and  the  symptoms  of  stasis  may  be  altogether  wanting.  In  addition 
to  these  cases,  however,  which  bear  the  stamp  of  senility,  there  are 
others,  represented  usually  by  vigorous  individuals,  and  characterized 
by  the  development  of  a  stage  in  which  the  cardiac  phenomena  be- 
come so  prominent  as  completely  to  overshadow  the  emphysema. 
The  patient,  although  his  malady  began  as  a  simple  emphysema,  has 
become  a  heart  patient.  The  heart  muscle  degenerates,  the  symptoms 
of  stasis  increase,  and  the  patient  succumbs  with  symptoms  of  car- 
diac insufficiency,  enlargement  of  the  liver,  albuminuria,  swelling  of 
the  legs,  and  effusions  in  all  the  ca^dties  of  the  body.  Not  infre- 
quently some  intercurrent  disease  terminates  the  patient's  life. 
Rarely  an  emphysematous  patient  dies  suddenly  in  an  asthmatic 
attack.  In  these  cases  the  attack  is  not  one  of  true  asthma  or  of 
emphysematous  asthma,  but  rather  the  genuine  cardiac  form. 

For  didactic  purposes  the  course  of  emphysema  in  the  great 
majority  of  cases  may  be  divided  into  two  stages:  the  catarrhal  stage 
and  the  stage  of  cardiac  insufficiency.  A  division  into  three  stages 
has  also  been  made :  catarrhal,  cyanotic,  and  asystolic.  It  is  a  char- 
acteristic feature  of  the  disease  that  the  symptoms  gradually  transfer 
themselves  from  the  lung  to  the  heart. 

Even  the  type  of  dyspnea  ultimately  undergoes  a  change;  the 
difference  between  inspiration  and  expiration,  which  is  so  marked  in 
emphysema,  becomes  obliterated  and  cardiac  dyspnea  develops.  The 
number  of  respirations  is  increased,  and  inspiration  becomes  quite  as 
laborious  and  prolonged  as  expiration.  The  asthmatic  attacks  which 
occur  in  this  stage  are  attacks  of  cardiac  asthma — that  is  to  say, 
attacks  such  as  may  occur  in  any  form  of  cardiac  insufficiency ;  they 
cannot,  however,  be  sharply  distinguished  from  the  dyspneic  attacks 
of  emphysematous  patients. 

If  I  may  be  permitted  to  select  certain  types  from  the  variegated 
and  complex  picture  of  this  disease,  for  the  purpose  of  explaining  its 
nature,  I  should  propose  the  following:  The  first  type  is  hronchitic 
emphysema,  where  the  trouble  begins  in  a  simple  bronchial  catarrh; 
this  form  usually  occurs  in  drinkers  and  workers  in  dust.  The  next 
important  type  is  asthmatic  emphysema,  the  accompanying  catarrh 
in  which  is  distinguished  by  the  pecuhar  sputum;  typical  asthmatic 
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attacks  occur  from  tho  beginning  and  nervous  elements  peculiar  to 
asthma  are  obtained  from  the  history.  My  third  type  is  cardiac  em- 
physema, in  which  the  hrst  beginnings  can  be  traced  to  cardiac  phe- 
nomena, the  presence  of  vah'ular  lesions,  of  myocarditis,  and  of  peri- 
cardial adhesions  usually  due  to  some  acute  disease,  possibly  also  to 
syphilis;  and  in  which  emphysema  (juite  frequently  never  attains  the 
dignity  of  an  independent  disease.  Finally,  there  is  senile  emphysema, 
a  group  that  also  includes  arteriosclerotics  and  those  individuals  who 
for  other  reasons  ha\'e  prematurely  calcified  costal  cartilages.  In  this 
type  the  symptoms  of  catarrh  are  ill  defined  or  altogether  absent. 

In  practice,  acute  emphysema,  developing  after  whooping-cough 
or  other  infectious  diseases,  from  the  aspiration  of  foreign  bodies,  and 
from  stenosis  of  sudden  production,  may,  if  desired,  be  distinguished 
as  a  special  form.  If  it  does  not  subside,  or  if  it  undergoes  some 
special  modification  as  the  result  of  the  causal  factor,  but  maintains 
the  character  of  emphj^sema,  it  will  become  converted,  according  to 
circumstances,  into  a  bronchitic,  an  asthmatic,  or  a  cardiac  form. 

A  number  of  cases  will,  however,  be  found  that  cannot  be  included 
in  any  one  of  these  groups.  The  emphysema  is  often  overshadowed 
by  other  important  disturbances, — such,  for  example,  as  stenois  of 
the  air-passages, — and  the  existence  of  diffuse  emphysema  is  only 
discovered  accidentally  or  at  the  autopsy. 

Bronchitic  and  asthmatic  emphysema  have  been  grouped  together 
as  hypertrophic  forms  in  contradistinction  to  senile  or  atrophic  em- 
phj'sema.  The  term  hypertrophic  is,  however,  condemned  by  Jenner  * 
as  imsuitable  in  emphysema,  and  with  good  reason.  The  lung  is 
enlarged,  but  what  is  it  that  hypertrophies?  He  prefers  to  chstinguish 
a  large-lmig  and  a  small-lung  emphysema.  Cardiac  emphysema  also 
belongs  to  the  large-lung  variety  (see  page  263).  His  classification 
failed  to  secure  general  acceptance.  If  the  standpoint  is  adopted  that 
emphysema  is  not  a  disease  in  itself,  but  only  represents  a  stage  in 
the  course  of  other  diseases,  a  sufficiently  clear  theoretic  notion  of  the 
condition  will  be  obtained.  In  practice  the  present  custom  is  des- 
tined to  remain,  since  it  is  so  convenient  and  so  simple  to  group 
together  a  large  series  of  symptoms  in  one  clinical  picture,  even  though 
they  may  be  etiologically  quite  distinct. 

*  Reynolds,  "System  of  Medicine." 
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(1)  Methods  of  observing  respiration:  (a)  spirometry;  (b)  pneumatometry; 
(c)  respiratory  curves;  (d)  diaphragm;  (e)  remaining  inspiratory  muscles; 
(f)  expiratory  muscles;  (g)  absorption  of  oxygen  and  eliminatioji  of  carbon 
dioxid.  (2)  Dyspneic  attacks.  (3)  Enlargement  of  the  lungs.  (4)  Shape 
of  the  thorax.  (5)  Effect  on  the  vertebral  column.  (6)  Effect  on  the 
sternum.  (7)  The  emphysematous  habit.  (8)  Palpation.  (9)  Percussion. 
(10)  Mensuration.  (11)  Auscultation.  (12)  Catarrh.  (13)  Heart.  (14) 
Circulation.  (15)  Liver.  (16)  Spleen.  (17)  Stomach  and  Intestine. 
(18)  Urinary  apparatus.  (19)  Genital  apparatus.  (20)  Larynx  and 
upper  air-passages.  (21)  Nervous  system.  (22)  Extremities.  (23)  Gen- 
eral mdrition. 

1.  Dyspnea  is  considered  as  the  most  conspicuous,  the  most 
constant,  symptom  of  pulmonary  emphysema.  A  large  number  of 
authors  have  devoted  their  time  to  the  study  of  respiration.  As  a 
rule,  the  breathing  is  somewhat  accelerated,  inspiration  shorter  and 
more  hurried,  expiration  in  proportion  considerably  prolonged.  The 
number  of  respirations  is  usually  increased,  but  this  is  not  necessarily 
the  case ;  in  mild  grades  of  the  disease  it  is  often  normal,  but  as  the 
disease  progresses  the  number  gradually  increases,  although  it  never 
becomes  excessive.  If  the  respirations  are  from  28  to  32  when  the 
patient  is  at  rest,  it  is  a  sign  that  the  disease  is  in  an  advanced  stage 
or  that  there  exists  a  temporary  exacerbation,  especially  as  the  result 
of  catarrh.  The  respiratory  movements  are  always  labored,  as  they 
are  able  to  bring  about  only  a  relatively  small  degree  of  expansion. 
During  inspiration  the  thorax  as  a  whole  is  elevated  without  expand- 
ing properly.  The  supraclavicular  fossse,  the  suprasternal  fossa,  and 
the  intercostal  spaces  opposite  the  attachments  of  the  diaphragm  are 
retracted;  during  expiration  the  thorax  becomes  depressed,  and  if 
the  patient  exerts  a  moderate  degree  of  abdominal  pressure  the  abdo- 
men becomes  hard  and  board-like  and  retracts.  The  apices  of  the 
lungs  are  somewhat  protruded  in  the  form  of  cushions;  and  it  would 
appear  from  Friedrich's  observation  that  the  lung  may  bulge  in  other 
areas  as  well  if  the  muscles  do  not  prevent  it. 

Some  time  ago,  clinical  observation  of  the  respiration  being  deemed 
insufficient,  instruments  came  into  use  with  which  the  amplitude  of 
the  respiratory  movements  and  the  pressure  of  inspiration  and  ex- 
piration could  be  accurately  determined.  The  movements  of  various 
points  on  the  thorax  are  recorded  for  the  purpose  of  obtaining  data 
from  which  to  deduce  the  duration  and  depth  of  the  respiration.  The 
simplest,  most  useful,  and  most  commonly  used  of  these  instruments 
is  the  spirometer  employed  by  Hutchinson  and  Wintrich  *  in  their 
pioneer  investigations.  The  spirometer  shows  that  the  capacity  of 
the  lung  in  emphysema  is  considerably  diminished ;  often  as  much  as 

*  See  article  on  "Diseases  of  the  Respiratory  Organs"  in  "Handbuch  der 
Speciellen  Pathologie  and  Therapie,"  edited  by  Virchow.  Also  Fried,  Arnold, 
"Ueber  die  Athmungsgrosse  des  Menschen,"  Heidelberg,  1855. 
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50%.  \\'inliich  <2;ivos  a  reduction  of  20%  to  60%  of  the  normal, 
except  in  asthmatic  conditions.  The  quantity  of  residual  air  becomes 
progressively  increasetl,  but  as  there  is  no  trustworthy  and  convenient 
methotl  of  determining  its  amount,  it  is  usually  disregarded  in  prac- 
tice. In  the  healthy  subject  the  proportion  between  residual  air 
and  vital  capacity  is  as  1:4  or  1 :  5.  The  method  of  taking  these 
measurements  is  described  in  detail  by  Bernstein.* 

In  adcUtion  to  spirometry  we  have  pneumatometry.f  In  healthy 
subjects  the  pneumatometer  indicates  an  average  inspiratory  pressure 
of  70  to  80,  and  an  expiratory  pressure  of  110  to  130.  In  emphysema 
inspiratory  pressure  is  but  little  increased,  or  even  normal,  while 
expiratory  pressure  is  reduced  first  to  100  and  later  to  70.  The  in- 
spiratory muscles  in  emphysematous  subjects  contract  vigorously,  but 
the  expirator}'  muscles  are  unable  to  make  up  for  the  deficiency  due 
to  the  diminished  elasticity  of  the  lungs  and  thoracic  walls,  although 
the  muscles  are  certainly  not  atrophic.  Waldenburg  finds  expiration 
deficient  in  recent  bronchitis  before  emphysema  has  developed.  In 
emph3-sema  the  various  degrees  of  the  disease  can,  according  to 
Waldenburg 's  statements,  be  recognized  with  this  instrument.  In 
the  mildest  grade,  in  which  dyspnea  makes  itself  felt  only  on  exertion 
and  no  change  can  be  determined  on  percussion,  expiratory  pressure 
is  a  little  less  than  inspiratory  pressure,  instead  of  being,  as  in  the 
normal  state,  materially  higher  than  inspiratory  pressure.  In  severer 
grades  of  the  disease,  when  dyspnea  is  brought  on  by  moderate  exer- 
cise, and  cUstinct  signs  of  pulmonary  distention  are  elicited  on  per- 
cussion, the  difference  between  expiratory  and  inspiratory  pressure  is 
quite  marked,  expiratorj^  pressure  being  reduced  to  one-half  or  one- 
third  of  the  inspiratory  force,  while  inspiratory  pressure  remains  normal 
or  even  becomes  greater  than  normal  to  compensate  for  the  cUminished 
expiratory  pressure.  In  the  higher  grades,  finally,  which  accompany 
bronchitis  of  many  years'  standing,  with  great  dyspnea  and  asthma, 
cyanosis,  edema,  and  rigidity  of  the  thorax,  both  the  expiratory  and 
the  inspiratory  pressure  is  diminished,  although  the  latter  is  always 
somewhat  greater  than  the  former. 

It  may  seem  astonishing  that  such  simple  diagnostic  data  are 
scarcely,  if  ever,  utilized  in  practice,  and  that  even  in  the  clinic  the 
pneumatometer  has  entirely  gone  out  of  use.  But  any  one  who  has 
worked  with  the  instrument  knows  that  the  sources  of  error  are  numer- 
ous and  the  conditions  in  most  cases  of  emphysema  so  complex  that 
the  formula  above  referred  to  has  merely  an  academic  value.  Walden- 
burg ascribed  an  altogether  extravagant  value  to  these  observations. 

Biedert  J  and  Krause  §  freed  the  method  from  its  coarser  falla- 
cies and  attempted  to  make  it  more  trustworthy  and  more  profit- 

*  Pfliiger's  Aixhiv,  vol.  L. 

t  AValdenburg,  "  Die  ^lanometrie  der  Lungen,"  Berliner  klin.  Wochenschr.,  1871, 
No.  4.5. 

X  Deidsches  Archiv  fiir  klin.  Medicin,  vol.  y.xii;  Berliner  klin.  Wochenschr.,  1880. 
§  Berliner  klin.  Wochenschr.,  1879,  Xo.  42. 
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able.  But  in  spite  of  their  efforts  it  is  not  as  yet  perfect  enough  to 
be  of  any  practical  use,  nor  is  the  scientific  significance  to  be  valued 
too  highly.  I  believe,  however,  that  by  careful  improvement  a  high 
degree  of  efficiency  may  in  the  end  be  attained.  Basch  recently 
attacked  the  question  from  another  side,  which  appears  to  promise 
better  success.  At  the  Seventeenth  Congress  for  Clinical  Medicine  he 
exhibited  a  very  interesting  apparatus  *  which  he  calls  a  pneumometer. 
It  is  intended  for  measuring  the  volume  and  elasticity  of  the  lungs. 
A  detailed  description  and  chscussion  of  the  rationale  of  its  use  will  be 
found  in  an  article  by  Pffuger.f  To  what  extent  it  will  prove  prac- 
tically useful  I  do  not  pretend  to  foretell  at  the  present  time.  I 
believe,  however,  that  satisfactory  results  will  be  obtained  only  with 
very  intelligent  patients  and  in  the  hands  of  expert  observers.  A 
method  that  is  capable  of  determining  the  elasticity  of  the  lungs 
numerically  cannot  fail  to  give  the  most  valuable  data  for  diagnosis, 
as  well  as  for  differential  diagnosis,  in  emphysema,  and  may  also  help 
to  clear  up  our  ideas  on  the  nature  of  the  disease. 

It  was  hoped  that  much  information  would  be  obtained  from  the 
respiratory  tracings,  but  the  sources  of  error  and  the  difficulties  to  be 
overcome  in  the  application  of  the  method  are  very  great,  and  the 
data  must  be  accepted  with  a  corresponding  degree  of  reserve.  The 
best  exposition  of  the  technic  and  the  possible  failures  of  this  method 
of  examination  is  found  in  Riegel's  work. J  His  stethograph  is  one  of 
the  best  of  the  instruments  that  have  been  used  for  this  purpose. 
The  investigations  of  Vierordt  and  Ludwig,  Ackermann,  Gerhardt, 
and  Heimke  are  equally  valuable,  but  have  no  bearing  on  the  question 
of  emphysema.  In  all  these  methods  the  movement  of  a  certain 
point  on  the  wall  of  the  thorax  is  grapliically  represented  by  means 
of  rigid  rods,  and  in  Riegel's  method  the  movement  of  the  point  is 
magnified.  Other  apparatus  which  record  the  variations  in  the 
volume  of  the  lungs  have  also  been  used  by  numerous  investigators. 
Among  these  I  include  especially  Marey's  pneumograph.  If  the 
observations  are  correctly  made,  the  two  methods  yield  comparable 
results. 

Riegel  describes  the  normal  respiratory  curve  as  follows.  In- 
spiration begins  relatively  slowly,  increases  quite  rapidly,  and  attains 
its  maximum  of  velocity  approximately  at  the  end  of  the  first  third 
of  the  entire  inspiratory  excursion.  This  velocity  is  maintained 
during  nearly  the  whole  of  the  second  third,  when  it  begins  to  cUminish 
and  finally  falls  to  the  minimum.  The  transition  from  the  inspiratory. 
to  the  expiratory  limb  of  the  curve  is  extremely  gradual.  The  ex- 
piratory velocity  then  increases  until  it  attains  its  maximum,  which 
likewise  lasts  about  one-third  of  the  way,  the  velocity  beginning  to 
decrease  during  the  last  third.     The  transition  from  expiration  to  in- 

*  "  Transactions  of  the  Seventeenth  Congress  for  Chnical  Medicine "  (Innere 
Medicin),  p.  602. 

t  Pft-iiger's  Archiv,  vol.  Lxxvi,  p.  356. 

X  "  Die  Athembcn-egungen,"  Wiirzburg,  1873. 
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spiration  is  very  grKdual;  a  respiraton-  pause  at  this  point  may  or 
may  not  be  present.  In  emphysematous  subjects  the  insi)iratory 
portion  of  the  curve  rises  more  rapidly,  the  transition  to  the  expiratory 
Umb  is  also  abru})t;  the  ex])irat()ry  poi-tion  of  the  curve  at  first  declines 
rapidly,  then  the  velocity  rather  suddenly  diminishes,  and  the  rest  of 
the  expiratory  path  is  covered  at  a  considerabh'  diminished  rate  of 
speed.  The  disproportion  between  the  duration  of  ins];)iration  and 
expiration  is  comparatively  great,  the  latter  being  considerably  pro- 
longed. The  time  gained  b}-  the  increased  inspiratory  ^•elocity  is  lost 
by  the  prolongation  of  expiration.  The  number  of  respiratory  move- 
ments in  the  dyspnea  of  emphysema  is  not  necessarily  increased, 
although  an  increase  takes  place  in  severe  grades  of  the  disease. 

Other  features  of  the  emphysematous  curve,  such  as  the  occasional 
presence  of  an  inspiratory  pause  (pause  between  inspiration  and  ex- 


FiG.  12. — Respiratory  Tracings. 

piration)  and  the  differences  presented  by  curves  taken  at  the  same 
time  from  two  different  points,  are  less  important.  The  fact  that,  as 
the  mobility  of  the  thorax  diminishes,  the  differences  at  certain  points 
become  very  slight  or  even  reduced  to  zero,  is  not  particularly  char- 
acteristic of  emphysema.  Further  details  on  this  point  wdll  be  found 
in  Riegel's  book. 

The  two  curves  in  the  accompanying  diagram  from  Riegel  (Fig.  12) 
illustrate  the  description  that  has  just  been  given.  Figure  ^4.  is  the 
normal  respiratory  curve  obtained  by  placing  the  stethograph  over 
the  sternal  insertion  of  the  diaphragm.  Figure  B  is  the  respiratory 
curve  of  an  emphysematous  subject  taken  at  the  same  point  on  the 
thorax. 

How  easily  an  entirely  different  result  may  be  obtained  by  another 
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method  is  shown  by  the  recent  work  of  Aron.*  He  took  a  Marey's 
capsule  and  fastened  it  about  the  thorax  with  a  belt.  This  he  con- 
nected with  a  mercury  manometer;  the  capsule  and  the  rubber  tube 
which  connects  it  with  the  manometer,  and  the  limb  of  the  manometer 
as  far  as  the  column  of  mercury,  were  then  filled  with  water.  From 
his  experiments,  which  possess  the  special  advantage  of  having  been 
performed  on  sleeping  human  subjects,  he  deduces  the  following 
description  of  the  normal  respiratory  curve : 

Inspiration  proceeds  quite  miiformly  and  graduall}^  The  ascend- 
ing limb  is  moderately  obhque;  the  apex  of  the  curve  is,  as  a  rule, 
quite  acute ;  that  is  to  say,  the  transition  from  the  inspiratory  to  the 
descending  expiratory  limb  is  quite  abrupt.  The  inspiration  (disten- 
tion) consists  of  two  phases  that  cannot  very  well  be  separated  one 
from  the  other.  The  first  portion  of  expiration  proceeds  nearly  as 
rapidly  as  inspiration,  while  the  latter  portion  takes  place  more  slowly, 
a  condition  that  is  graphically  expressed  in  the  more  horizontal  por- 
tion of  the  expiratory  curve.  The  transition  from  expiration  to  the 
succeeding  inspiration  is  gradual,  a  change  that  is  indicated  by  the 
obtuse  angle  in  the  curve.  Expiration  occupies  a  longer  period  than 
inspiration. 

The  same  author  describes  the  emphysematous  curve  as  follows: 
While  the  inspiratory  limb  of  the  curve  does  not  present  any  marked 
deviation  from  the  normal,  the  expiratory  curve,  on  the  other  hand, 
is  materiahy  modified.  This  modification  shows  itself  in  the  shape 
of  the  apex,  which,  as  a  rule,  is  broader  and  more  rounded  than  is 
observed  under  any  other  conditions  so  far  subjected  to  examination. 
The  entire  subsequent  expiration  is  delayed  in  the  same  way  as  the 
transition  from  inspiration  to  expiration.  The  expiratory  curve 
therefore  presents  a  more  oblique  continuous  hne,  extending  down  to 
the  beginning  of  the  succeeding  respiration.  It  is  quite  impossible  to 
distinguish  two  separate  di\'isions  in  the  expiratory  curve. 

It  is  evident  that  the  difference  in  the  results  obtained  by  these  two 
investigators  depends  on  the  difference  in  the  methods  employed. 
The  fact  that  Aron  examined  sleeping  individuals,  while  Riegel's 
subjects  were  awake,  appears  to  me  an  advantage  in  favor  of  the 
former's  accuracy.  There  is  no  doubt  that  respiration  may  be  greatly 
modified  if  the  individual's  attention  is  directed  to  his  respiratory 
movements.  On  the  other  hand,  Riegel  examined  such  a  large  quan- 
tity of  material  that  he  must  have  been  fully  aware  of  the  importance 
of  this  subjective  influence.  Again,  the  apparatus  of  Aron,  omng 
to  the  column  of  mercury  which  it  contains,  must  be  subject  to  con- 
siderable intrinsic  vibration.  The  fact  that  Aron  distinguished  two 
separate  divisions  in  normal  expiration,  which  Avere  not  described 
by  any  author  before  him,  cannot  help  arousing  some  misgivings. 
These  two  divisions  in  the  respiratory  curve  Riegel  finds  only  in  the 
emphysematous  patient.  In  order  to  obtain  a  better  opportunity  for 
judging  of  the  respective  accuracy  of  these  results  I  have  examined 

*  Virchow's  Archiv,  vol.  cxxxvii,  p.  179. 
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other  respiratory  curves  which  I  found  in  Gerhardt's  "  Lehrbuch  der 
Auscultation  unci  Percussion,"  and  in  Heimke's  Dissertation,  Jena, 
1805,  but  unfortunately  these  curves  are  insufhciently  described  and 
discussed,  so  that  they  are  not  clearly  intelligible,  and  cannot  therefore 
be  utilized.  Marey's  respirator}-  curves,  on  the  other  hand,  closely 
approximate  the  description  given  by  Aron :  Two  segments  are  to  be 
distinguished  in  the  respiratory  cur\'e,  a  more  vertical  and  a  more 
horizontal  segment.  Marey,  howe\'er,  interprets  the  horizontal  por- 
tion not  as  the  product  of  expiration,  but  as  a  respiratory  pause, 
while  Aron  refuses  to  admit  the  existence  of  a  respiratory  pause. 

The  concUtions  attending  the  use  of  these  instruments  present  many 
sources  of  error  which  are  usually  overlooked,  but  become  prominent 
on  closer  examination,  as  Pick  has  shown  in  a  paper  on  the  subject.* 
He  observed  that  the  retarded  passive  expiration  or  respirator}'  pause 
is  not  immediately  followed  by  inspiration,  but  that  between  the  two 
phases  there  is  a  short  and  feeble,  so  to  speak,  pre-inspirator}-  active 
expiration,  effected  by  contraction  of  the  lateral  or  median  upper  por- 
tions of  the  abdomen.  This  phenomenon  is  expresesd  in  the  respira- 
tory curves  by  a  more  or  less  abrupt  bend  at  the  end  of  the  expirator}' 
hmb.  He  suggests  as  an  explanation  that  during  expiration  a  cer- 
tain degree  of  dyspnea  is  developed  which  stimulates  the  respiratory 
center  at  a  time  when  it  is  still  "set"  or  "tuned"  for  the  emission 
of  an  expiratory  impulse. 

Pick's  paper  is  altogether  very  instructive,  and  throws  much  light 
on  the  study  and  significance  of  the  respiratory  curves.  He  used  a 
Roth  polygraph.  The  elastic  sac  which  serves  for  the  reception  of 
the  respiratory  movements  was  placed  on  the  middle  of  the  epigas- 
trium, but  when  the  movements  were  taken  from  other  points  of  the 
body,  entirely  different  tracings  were  of  course  obtained.  T\Tien  one 
sac  was  placed  on  the  manubrium  and  the  other  on  the  epigastriimi, 
the  epigastric  curve  was  found  to  present  a  depression  at  the  instant 
when  the  beginning  of  inspiration  recorded  itself  in  the  upper  thoracic 
tracing  by  a  rise  in  the  curve.  The  apex  of  the  epigastric  curve 
appeared  somewhat  delayed  in  comparison  -udth  that  of  the  thoracic 
curve.  This  is  because  marked  retraction  of  the  lower  portion  of  the 
thorax  sometimes  takes  place  during  inspiration  in  emphysema  and, 
unless  inspection  has  been  very  careful,  the  tracing  becomes  quite 
unintelligible. 

At  all  events  Riegel  has  not  exhausted  the  subject  of  the  respira- 
tion in  emphysema. 

In  all  these  observations  only  certain  points  on  the  thoracic  wall, 
especially  the  anterior  wall,  were  stucUed.  The  movement  of  the 
entire  thorax  is  such  a  complicated  matter  that  it  has  so  far  been 
impossible  to  grasp  it,  and  commit  it  to  paper.  Many  details  still 
remain  to  be  stucUed.  AMiether  such  a  study  would  be  productive 
of  any  very  remarkable  results'  remains  to  be  decided.  It  seems  at 
least  probable  that  the  various  forms  of  emphysema  and  the  differences 

*  Prager  med.  Wochenschr.,  1883,  No.  17. 
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in  the  clinical  course  have  an  important  bearing  and  deserve  more 
extensive  observation. 

In  its  present  state  stethography  is  of  no  importance  in  practice, 
in  spite  of  the  interest  which  this  method  of  examination  has  aroused. 

In  the  study  of  the  individual  inspiratory  and  expiratory  muscles 
the  attention  was  naturally  directed  chiefly  to  the  diaphragm.  The 
importance  of  this  muscle  is  not  rated  so  high  now  as  it  was  formerly, 
as  the  external  intercostals  and  the  intercartilaginei  are  winning  more 
and  more  recognition  as  important  inspiratory  agents.*  Neverthe- 
less clinical  observation  of  the  diaphragm  will  always  maintain  its 
prominence,  especially  as  the  strange  theory  of  a  special  feminine 
type  of  respiration  is  being  more  and  more  generally  discarded.  The 
relation  between  the  two  great  inspiratory  muscles  is  in  need  of 
further  elucidation. 


Fig.  13. 

The  decrease  in  the  elasticity  of  the  lungs  and  the  increase  in  the 
quantity  of  residual  air  are  accompanied  by  an  augmentation  in  the 
volume  of  the  organ  which  has  at  its  disposal  the  comparatively 
small  complementary  spaces  in  the  anterior  margin,  and  the  larger 
complementary  spaces  at  the  diaphragm;  these  are  logically  utilized 
in  partial  emphysema.  In  diffuse  emphysema,  however,  the  case  is 
somewhat  different.  The  characteristic  feature  of  this  variety  is  the 
great  extent  of  the  emphysema.  Although  its  distribution  may  not  be 
quite  uniform,  it  nevertheless  extends  diffusely  over  the  entire  area 
of  both  lungs.  The  complementary  spaces  are  of  little  importance, 
for  the  lung  becomes  distended  as  a  whole  and  the  diaphragm  is  forced 
downward.     The  distention  can  easily  be  demonstrated  by  percussion, 

*  Compare  R.  Fick,  "Ueber  die  Athemmuskeln,"  Archiv  fiir  Anatomie  und 
Physiologie,  1897.     Anatomische  Abtheilung,  Supplement. 
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and  is  found,  as  a  rule,  to  amount  to  two  intercostal  spaces,  and  in 
some  rcji-ions  to  still  more.  In  the  text-books  it  is  found  stated  that 
the  diaplinisini  can  he  depressed  to  such  a  i)()int  that  the  convexity  is 
directed  downward  and  the  diaphrap;m  duriiifi  contraction  acts  as  an 
expiratory  nuiscle.  I  ljelie\-e  this  is  a  purely  theoretic  conclusion, 
and  I  do  not  believe  that  life  can  continue  if  the  diaphragm  loses  its 
power  of  acting  as  an  inspiratory  muscle. 

Until  recently  percussion  \\-as  the  only  method  available  for  the 
determination  of  the  position  of  the  diaphragm  in  the  living  subject, 
and  that  method  of  examination  is  clearly  inadequate  to  act  as  a  basis 
for  such  a  daring  assertion.     Since  I  have  begun  to  observe  the  dia- 


FlG.  14. 


phragms  of  numerous  emphysematous  subjects  with  the  Rontgen  rays, 
I  have  always  foimd  the  dome  of  the  diaphragm  more  or  less  distinctly 
flattened,  but  have  never  seen  a  perfectly  flat  diaphragm,  far  less  one 
with  its  convexity  cUrected  downward. 

The  two  figures  in  the  text  (Figs.  13-  and  14)  give  an  excellent 
illustration,  the  one  of  the  normal  arch  of  the  diaphragm  in  an  elderly 
man,  the  other  of  the  flattening  of  the  diaphragm  in  a  case  of  severe 
emphysema.  I  have  never  seen  more  flattening  than  is  represented 
in  figure  14.  On  the  other  hand,  the  arch  in  figure  13  does  not  by  any 
means  represent  the  highest  degree  possible  mider  normal  conditions, 
as  the  heart  appears  embedded  in  the  diaphragm ;  in  younger  individuals 
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the  arch  is  absolutely  like  a  cupola  on  the  top  of  which  the  heart  is 
supported. 

The  diaphragm  appears  very  distinctly  in  the  Rontgen  ray  image 
and  is  no  doubt  destined  to  afford  the  clinician  much  valuable  in- 
formation for  diagnosis.  Nevertheless  the  value  of  the  photograph 
has  been  greatly  overestimated.  In  clinical  practice  observation  on 
the  living  subject  is  infinitely  more  important ;  the  movements  of  the 
diaphragm  under  various  influences  appear  either  quiet  or  excited, 
the  excursions  may  be  great  or  small. 

[The  pulmonary  area  is  more  extensive  and  brighter  than  in 
health,  and  reaches  not  only  lower  down,  but  higher  up  in  the  chest. 

The  diaphragm  is  lower  down 
in  the  thorax,  and  its  excursion 
is  restricted,  and  is  restricted  in 
the  upper  part  of  its  usual 
movement.  It  sometimes  hap- 
pens that  the  diaphragm  is  so 
low  down  during  full  inspiration 
that  it  has  a  peculiar  outline, 
this  outline  being  made  up  of 
two  curves  on  each  side,  in- 
stead of  one,  and  following  the 
outline  of  some  of  the  organs  di- 
rectly under  it.  But  though  in 
quiet  breathing  the  diaphragm 
may  be  low  down  in  the  thorax, 
it  may  be  brought  much  higher 
up  in  the  chest  during  a  forced 
expiration.  This  increased  ex- 
cursion may  be  caused  by  the 
upward  pressure  of  the  contents 
of  the  abdominal  cavity,  a  pres- 
sure arising  from  the  contrac- 
tion of  the  abdominal  wall. 
The  cardiac  outline  stands  out 
with  unusual  clearness  on  the 
fluorescent  screen,  as  do  the 
other  outlines,  such  as  the  ribs  and  cla^dcles.  The  heart  changes  its 
position  far  less  than  usual  during  deep  inspiration ;  it  is  lower  down 
in  the  thorax  than  in  health.  Frequently  the  right  ventricle  and  the 
right  auricle  are  seen  to  be  enlarged  (Williams). — Ed.] 

In  observing  a  normal  diaphragm  mth  the  fluoroscope,  especially 
the  right  half,  which  appears  more  distinctly  and  in  greater  extent 
than  the  left,  the  characteristic  arch  and  the  rhythmic  flattening 
that  accompany  the  respiratory  movements  can  be  readil}^  seen. 
Respiration  is  so  slow  that  I  have  often  been  able  to  record  the  flatten- 
ing on  the  instrument  which  is  covered  with  a  glass  plate.  The  in- 
spiratory and  expiratory  positions  of  the  diaphragm  in  a  normal 


Fig.  15. 
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7sema  (compensatory) of  the  right 
lung;  the  left  is  infiltrated  and  bound 
down  by  adhesions. 


Fig.  16. 


iiuli\i(liial  (liirino;  quiet  breathing  are  shown  in  the  accompanying 
illustration  (Fig.  15). 

When  the  subject  is  asked  to  tlraw  a  deep  breath,  the  dia})hragm 
becomes  sharply  outlined  during  insjiiration  and  appears  almost  as  a 
straight  line;  during  forced  exjiii'ation  it  makes  a  sudden  rise  and  the 
entire  picture  at  the  same  time  becomes  more  and  more  l}lurred,  so  that 
it  is  impossible  to  determine  positively  at  what  point  the  diaphragm 
became  stationary.  It 
coukl,  however,  be  de- 
termined with  certain- 
t}'^  that  with  the  Ront- 
gen-ra}''  tube  at  a  dis- 
tance of  60  cm.  the 
excursion  of  the  cUa- 
phragm  on  the  screen 
was  about  9  cm.,  rather 
more  than  less.  It  is 
really  astonishing  to 
wdtness  this  enormous 
excursion.  The  indis- 
tinctness of  the  image 
during  forced  expira- 
tion is  partly  explained 
by  the  greater  approxi- 
mation of  the  ribs,  and  partly  b}^  the  fact  that  the  pulmonary  tissue 
becomes  greatl}^  consolidated,  most  of  the  air  being  forced  out.  All 
the  tissues  are  crowded  together,  and  although,  according  to  Traube 's 
^'iew,  a  small  quantity  of  air  remains  in  the  alveoli,  these  structures 
also  are  greatly  contracted,  and  it  is  quite  comprehensible  that  the 
lung  ceases  to  be  transparent  during  a  forced  expiration.  In  figure 
15  the  lowest  line  incUcates  the  flattening  of  the  diaphragm  during 

very  deep  inspiration,  the  two  upper 
ev  ^^x^^^'^'lines  indicate  the  excursion  during  quiet 
^'"^^  respiration,  wliile  the  shacUng  in  the  up- 
per part  of  the  picture  is  intended  to  re- 
present the  obscuration  and  blurring  of 
the  diaphragm  during  forced  expiration. 
Tliis  loss  of  transparency^  on  the  part 
of  the  lung  and  the  blurring  of  the  line 
of  the  diaphragm  appear  to  me  charac- 
teristic of  a  perfectly  normal,  vigorous, 
and  youthful  condition  of  the  parts.  In  older  indi\'iduals,  even  though 
they  have  not  a  trace  of  emphysema,  and  in  younger  individuals  suffer- 
ing from  any  alteration  in  the  lung,  the  phenomenon  ceases  to  be  so 
well  marked.  The  upper  limits  of  the  diaphragm  in  such  cases  are 
quite  cUstinctly  seen.  A  difference  of  7  cm.  between  the  upper  and 
lower  lines,  that  corresponding  to  the  deepest  inspiration  and  that 
corresponding  to  forced  expiration,  with  the  tube  at  a  distance  of  60 
cm.,  I  regard  as  wdthin  the  hmits  of  the  normal  in  adults. 


Intense 


Fig.  17. 
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If  we  now  turn  to  the  diaphragm  in  an  emph3'sematous  subject 
(see  Figs.  16  and  17),  we  find  an  altogether  different  condition.  The 
difference  is  not  such  as  has  been  described  on  theoretic  grounds, 
however,  for  the  diaphragm  is  flat  and  does  not  arch  downward ;  on  the 

contrary,  it  presents, 

Anterior  view.  ,  ^^  -^  ^^^  healthy  Sub- 

ject,  a  distinct  do^vn- 
ward  concavity  which 
diminishes  during  in- 
spiration. During 
c|uiet  breathing  there 
is  an  astonishingly 
small  difference  be- 
'\  \  tw^een  inspiration  and 
^  expiration.  The  curve 
is  no  doubt  somewhat 
flatter  than  in  health, 
but  the  difference  is  very  variable ;  it  would  be  a  daring  and  presump- 
tuous undertaking  to  attempt  to  determine  from  the  degree  of  con- 
vexity whether  the  diaphragm  in  question  was  that  of  an  emphy- 
sematous, or  of  a  healthy  subject.  When,  however,  the  patient  is 
asked  to  breathe  deeply,  it  is  astonishing  to  see  how  much  less  such  a 


Lateral  view. 


Fig.  18. 


Bronchitis. 


Alcoholism. 


Fig.  19. 


patient  is  capable  of  than  a  healthy  individual.  During  deep  in- 
spiration the  chaphragm,  it  is  true,  also  attains  the  horizontal  line, 
and  during  forced  expiration  it  rises  somewhat.  But  the  lung  does 
not  become  obscured,  the  shadow  of  the  diaphragm  remains  perfectly 
clear  and  distinct,  and  the  excursion  on  the  screen,  with  the  tube 


Lower  border  of  the  sixth  rib. 


Anterior  view. 


Emphysema. 


Fig.  20. 


at  a  distance  of  60  cm.,  is  always  less  than  7  cm. ;  often  it  is  not  more 
than  2  or  3  cm. 

In  the  accompanying  figures  the  beginning  and  end  of  the  dia- 
phragmatic line  are  not  shown,  as  the  drawing  presents  only  what  can 
be  recognized  with  absolute  certainty.     The  modification  in  the  con- 
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cavity  of  the  arch,  and  the  excursion,  arc  tlie  points  that  are  most  con- 
spicuous and  that  can  be  (leterniined  with  the  greatest  degree  of 
certaint>'.  The  depression  of  tlie  centrum  tendineum  is  proljaljl}-  not 
great.  At  the  apex  of  the  heart  it  was  impossible  to  demonstrate  any 
inspiratory  depression. 

Figure  20  represents  the  position  of  the  diaphragm  in  a  case  of 
very  severe  em})hy.sema  in  which  no  movement  at  all  could  be  seen 
during  quiet- respiration;  it  is  evident  that  the  right  half  of  the  arch 

is    much    less   curved  Mediastiual  cleft. 

than  the  left.  This  is  \  \/ 

a  common  phenome-  -O'  \ 

non,   and   calls     for-?.*<^^ 
further  observation. 

The  behavior  of 
the  diaphragm  with 
respect  to  the  heart  is 

shown  in  the  outlines  of  figure  18.  This  figure  represents  the  normal 
behavior  in  a  youthful,  healthy,  and  vigorous  individual.  The  dome- 
like arch,  above  which  the  heart  hangs  unsupported,  is  very  well  shown. 
An  interesting  contrast  is  represented  in  figure  19,  which  is  taken 
from  an  elderly  drinker  who  had  not  as  yet  developed  a  severe 
degree  of  emphysema.  In  this  figure  the  heart  appears  to  lie  within 
an  excavation  in  the  diaphragm;  but  an  excavation  of  this  kind  is  so 
frequentl)'  seen  that  it  undoubtedly  belongs  to  the  realm  of  the  physio- 
logic. 

In  the  lateral  \dew,  which  shows  the  Criegern  mediastinal  cleft, 
the  diaphragm  and  the  flattening  of  its  dome  can  also  be  very  satisfac- 


FiG.  21. 


Mediastinal  cleft. 


Apex  of  heart. 


Quiet  breathing  in  a  healthy  young  male  adult.    Lateral  view. 


Fig.  22. 


torily  studied.  In  fact,  the  lateral  \\e\x  presents  many  advantages. 
Figure  21  represents  the  diaphragmatic  line  of  the  same  emphysematous 
subject  whose  thorax  is  shown  in  anterior  \'iew  in  figure  20.  Figure  22 
shows  the  relations  in  the  healthy  subject;  the  intermediate  line 
represents  the  median  position  from  w^hich  the  usual  oscillations  take 
place  to  the  upper  and  lower  lines.  The  lower  line  corresponds  to  a 
forcible  expiration,  the  upper  to  a  moderately  forcible  expiration, 
not  great  enough  to  bring  about  blurring  of  the  diaphragmatic 
line. 

The  largest  excursions  as  measured  on  the  screen,  with  the  tube 
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at  a  distance  of  60  cm.,  and  with  the  chest  of  the  subject  in  contact 
with  the  screen,  are  as  follows: 

Fig.  15.   Quiet  breathing  1.7  cm. 
"     16.         "  "         0.4     "         Largest  excursion  3.2. 

"    71.         "  "         1.1     "         Largest  excursion  2.9. 

"    22.  Greatest  distance  6.1  cm.:  immediately  in  front  of  the  apex  of  the  heart, 
3;  behind  the  mediastinal  cleft,  5. 

The  exact  position  of  the  dome  of  the  diaphragm  can  also  be  deter- 
mined on  the  body  of  the  living  subject  with  the  aid  of  transillumina- 
tion. The  patient  must,  of  course,  be  placed  as  near  the  screen  as 
possible  and  the  tube  must  be  adjusted  at  the  proper  level.  If  the 
tube  is  too  high  or  too  low,  the  image  will  also  be  projected  too  low 
or  too  high.  The  proper  position  for  the  tube  can  be  determined 
without  much  difficulty.  In  this  way  not  only  can  the  line  of  the 
diaphragm  be  traced  on  the  glass  plate  of  the  screen,  but,  by  intro- 
ducing the  pencil  between  the  patient's  body  and  the  screen,  the 
height  of  the  diaphragmatic  dome  can  be  traced  on  the  chest-wall. 
In  the  healthy  subject  this  line  is  found  in  the  anterior  right  mam- 
millary  line  at  the  lower  edge  of  the  fifth  rib  or  in  the  fifth  intercostal 
space.  On  the  left  side  the  line  is  a  shade  lower.  The  usual  state- 
ment that  the  diaphragm  only  extends  as  far  as  the  fifth  rib  is  based 
on  postmortem  findings,  and  cannot  therefore  be  accepted  as  correct 
in  the  living  subject.  Frerichs  appears  to  be  right,  therefore,  when  he 
says  that  "the  true  upper  limit  of  the  liver  is  in  the  mammary  line, 
usually  in  the  fifth  intercostal  space."* 

In  emphysema  the  arch  of  the  diaphragm  in  most  cases  is  some- 
what lower — on  the  sixth  rib,  or  below  the  sixth  rib  in  the  sixth  inter- 
costal space,  rarely  on  the  seventh  rib ;  I  have  never  seen  it  lower  than 
this  point  (in  the  mammary  line). 

In  ordinary  practice  the  determination  of  the  position  of  the 
diaphragmatic  dome  is  not  practicable,  nor  would  it  be  of  any  special 
utility.  Percussion  is  too  uncertain  a  method  of  determining  the 
so-called  relative  upper  boundary  of  the  liver  with  accuracy,  and  in 
emphysema  the  difficulties  are  increased.  For  practical  purposes  it 
is  quite  enough  to  determine  on  the  right  side  the  line  w^here  absolute 
liver  dulness  begins,  and  on  the  left  side,  by  means  of  deep  percussion, 
the  boundary  between  pulmonary  resonance  and  gastric  tympany. 
This  boundary  is,  as  a  rule,  very  distinct.  The  position  of  these 
two  lines  both  on  the  right  and  on  the  left  side  is  always  lower  (in 
emphysema)  than  in  health.  The  boundary  of  the  liver  is  generally 
given  as  the  sixth  rib  in  the  mammary  line,  the  eighth  rib  in  the 
axillary  line,  and  the  eleventh  rib  at  the  vertebral  column.  In  em- 
physema the  boundary  in  front  is  from  one  to  two  ribs  lower  in  the 
axillary  line.  The  difference  rarely  amounts  to  two  ribs,  and  at  the 
vertebral  column  it  is  at  most  one  rib.  This  is  because  the  comple- 
mentary space  is  lowest  in  front  and  gradually  diminishes  in  depth 

*  "Klinik  der  Leberkrankheiten,"  i,  p.  33. 
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toward  the  vertebral  column.  The  anatomists  tell  us  that  the  inser- 
tion of  the  diaphragm  is  found  in  the  line  which  passes  from  the 
seventh  costal  cartilage  to  the  tip  of  the  twelfth  rib.  In  the  mam- 
mary line  the  insertion  is  at  the  eighth  rib,  in  the  axillary  line  at  the 
tenth,  and  at  the  vertebral  column  at  the  twelfth.  These  points  of 
insertion  e\-idently  determine  the  line  that  we  are  able  to  define  by 
percussion  in  the  highest  grades  of  emphysema  (see  Percussion). 

In  conditions  of  marked  dyspnea  the  lower  portion  of  the  thoracic 
w^all,  and  with  it  the  insertion  of  the  diapkragm,  as  is  well  known, 
is  greatly  retracted  during  inspiration;  this  retraction  is  most  dis- 
tinctly visible  on  the  right  and  on  the  left  side  in  the  mammary  line, 
but  the  lower  portions  of  the  sternum  and  the  lateral  portions  of  the 
thorax  may  also  be  involved.  The  usual  explanation — that  the 
external  air-pressure,  owing  to  the  slower  entrance  of  the  air  into  the 
lung  during  inspiration,  gains  the  upper  hand  and  exerts  its  influence 
especially  on  the  points  referred  to,  where  the  contracting  diaphragm 
at  the  same  time  exerts  countertraction,  while  it  is  prevented  by  the 
rarefaction  of  the  air  in  the  thoracic  space  from  descending — is 
general!}'  recognized  and  is  fully  discussed  by  Gerhardt  in  his  ''Stand 
des  Diaphragmas."  He  also  established  the  fact  that  an  inspiratory 
rise  of  the  diaphragm  can  be  determined  under  such  circumstances 
b}'  obser\'ing  the  lower  border  of  the  liver,  but  for  my  part  I  have 
never  been  able  to  demonstrate  this  phenomenon  incontrovertibly 
in  emphysema. 

Litten's  Sign. — A  ver}^  valuable  and  beautiful  symptom  in  the 
determination  of  the  movements  of  the  diaphragm  is  due  to  the 
discovery  of  Litten.  In  any  healthy  incli"\'idual  a  furrow  can  be  seen 
on  both  sides  of  the  body,  chiefly  in  the  axillary  line,  which  becomes 
distinct  a  little  after  the  beginning  of  a  forced  inspiration  between 
the  fifth  to  the  eighth  intercostal  spaces  and  moves  upw^ard  a  dis- 
tance of  from  5  to  6  cm.  during  inspiration.  In  well-developed  cases 
of  emphysema  this  phenomenon  is  regularly  absent ;  in  mild  grades 
of  the  cUsease  faint  traces  of  the  furrow^  with  small  excursions  can 
sometimes  be  recognized. 

Nothing  is  known  of  the  action  and  beha\'ior  of  the  interossei  in 
emphysema.  Since  the  action  of  the  diaphragm  is  manifestly  and 
undoubtedl}'  impaired,  it  might  be  expected,  according  to  the  ^dew 
that  the  external  interossei  and  intercartilaginei  represent  powerful 
inspiratory  muscles,  that  the  acti^dty  of  these  muscles  should  be 
correspondingly  accentuated.  It  is  certain  at  least  that  the  inter- 
costal spaces  do  not  bulge  in  emphysematous  subjects,  as  might  be 
expected  from  the  increase  in  the  volume  of  the  lungs.  During  the 
act  of  coughing,  it  is  true,  they  are  driven  outward,  especially  along 
the  sternum  in  the  upper  intercostal  spaces.  Beyond  the  domain  of  the 
external  intercostals ,  slight  depressions  are  seen  even  during  deep 
inspiration,  and  if  the  finger  is  applied  to  one  of  these  depressions, 
the  hardening  of  the  outer  margin  of  the  depression  which  is  formed 
by  the  external  intercostal  can  be  distinctly  felt  (Schmidtlein) .     The 
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scaleni  and  sternocleidomastoid  muscles  in  such  patients  usually  be- 
come visible  as  hypertrophied  cords,  and  contribute  materially  to 
the  characteristic  appearance  of  emphysema.  In  some  patients  the 
sternocleidomastoid  muscles,  in  others  the  scaleni,  appear  more 
prominent.  The  mere  prominence  of  the  muscle  alone  is  not  a  reliable 
sign  unless  the  hardening  can  also  be  distinctly  felt.  Schmidtlein, 
who  made  a  special  study  of  these  matters,  says  that  the  difference 
depends  on  whether  the  first  rib  is  ossified  and  the  sternocostal  articu- 
lation obliterated.  When  that  is  the  case,  the  sternocleidomastoids 
become  more  active,  while  in  the  opposite  condition  the  scaleni  con- 
tract more  vigorously.  In  the  worst  cases  the  action  of  both  muscles 
no  doubt  becomes  accentuated.  The  levatores  costarum  muscles 
cannot  be  observed  in  the  living  subject.  They  assist  in  bringing 
about  extension  of  the  vertebral  column  which  accompanies  every 
complete  expiratory  movement.  The  notion  that  they  elevate  the 
ribs  is  now  practically  abandoned. 

The  pedoralis  minor  also  represents  an  inspiratory  muscle  when 
the  scapula  is  fixed,  and  this  is  true  in  an  even  more  marked  degree 
of  the  more  powerful  serratus  anticus  major.  This  is  why  emphy- 
sematous patients  are  so  fond  of  fixing  the  shoulder  girdle  by  leaning 
on  their  elbows  when  they  are  sitting  down,  as  by  this  means  the 
costal  insertion  of  the  latissimus  dorsi  is  made  available  during 
inspiration.  Another  important  advantage  gained  by  leaning  on  the 
elbows  is  that  suggested  by  R.  Fick.  The  movements  of  the  ribs  are 
impeded  by  the  pressure  of  the  shoulder  girdle  which  is  suspended  to 
the  vertebral  column  by  the  levator  scapuli,  the  trapezius,  and  the 
rhomboid  muscles ;  and  the  movement  of  the  ribs  is  facilitated  when 
the  scapula  and  the  clavicle  are  pushed  upward  from  the  ribs  through 
the  agency  of  some  external  support. 

The  development  of  the  pectoralis  major  is  not  particularly 
favored  in  emphysema,  because  it  becomes  an  effective  respiratory 
muscle  only  when  the  upper  arm  is  fixed  in  extension.  Hence  the 
arms  are  raised  above  the  head  in  artificial  respiration.  The  muscle, 
however,  is  probably  of  some  assistance  even  when  the  arm  is  sup- 
ported on  the  elbow. 

The  serratus  posticus  superior  and  the  ileocostaJis  cervicis  cannot 
be  seen.  The  serratus  posticus  inferior  is  visible,  but  is  of  so  little 
importance  that  it  is  not  taken  into  consideration.  Many  physiolo- 
gists regard  it  as  an  expiratory  muscle.* 

Among  the  expiratory  muscles  the  rectus  abdominis  shows  the 
greatest  degree  of  development,  although  all  the  other  abdominal 
muscles  are  well  marked  and  distinctly  hard  on  palpation.  The  ex- 
ternal oblique  draws  the  seven  lower  ribs  directly  downward;  and  the 
remaining  ribs,  by  compressing  the  contents  of  the  abdomen,  force 
the  latter  to  rise  and  push  the  dome  of  the  diaphragm  before  them. 
The  expiratory  muscles  in  the  back  are  for  the  most  part  invisible, 

*  See  Landerer,  "  Archiv  fiir  Anatomie  und  Physiologie,"  1880. 
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and  inaccessible  even  to    palpation;   they  are  the   ileocostalis   lum- 
borum,  the  qxadratus  lumborum,  and  part  of  the  longissimus  dorsi. 

In  se^'cre  degrees  of  eniph}'senia  it  is  often  o]3ser\T"d  that  the  rectus 
abdominis,  and  sometimes  even  the  external  oblique  and  transversalis 
muscles,  become  converted  from  expiratory  to  inspiratory  muscles; 
i.  e.,  they  midergo  a  distinct  contraction  at  each  ins{)iration.  It  is 
probal)le  that  in  this  way  the}'  assist  the  action  of  the  diaphragm,  for 
whenever  the  abdominal  viscera  are  forcibly  compressed  they  offer 
so  great  a  resistance  to  the  descent  of  the  diaphragm  as  to  enable  that 
muscle  to  enlarge  the  lower  aperture  of  the  thorax.  To  do  this,  the 
diaphragm  must  l^e  able  to  participate  in  the  elevation  of  the  six 
lower  ribs,  for  the  ribs  in  mo\ing  upward  must,  o\\dng  to  the  peculiar 
shape  of  their  articulations,  at  the  same  time  move  outward.  Eleva- 
tion of  the  ribs  by  the  diaphragm  is  possible  only  when  its  fibers  are 
so  placed  that  in  contracting  they  elevate  the  ribs.  If,  therefore, 
the  diaphragm  is  forced  upward  by  the  pressure  of  the  abdominal 
viscera,  the  direction  of  these  fibers  becomes  more  and  more  favorable 
(vertical) ;  in  fact,  if  the  cUaphragm  is  normally  placed  low,  it  will 
be  imable  to  elevate  the  ribs  except  under  these  favorable  conditions. 
Sappey  believes  that  such  an  action  of  the  diaphragm  takes  place 
even  in  normal  indi^'iduals.  There  is  no  doubt  that  any  individual 
has  it  in  his  power  by  exerting  his  will:  (1)  To  breathe  in  the  ordinary 
manner — i.  e.,  arching  the  epigastrium,  raising  and  arching  the  ribs 
somewhat  laterally  so  that  the  upper  thoracic  space  is  little  enlarged, 
but  becomes  elevated  as  a  whole ;  (2)  to  breathe  in  such  a  manner  that 
the  epigastrium  becomes  depressed  and  the  upper  portion  of  the 
thoracic  space  undergoes  greater  dilatation  and  elevation,  while  the 
lower  ribs  also  are  elevated,  but  are  chiefly  forced  outward.*  In  the 
second  type  of  breathing  the  diaphragm  acts  in  the  manner  above 
described.  This  type  has  been  especially,  but  incorrectly,  described 
as  the  feminine  type  of  breathing.  Any  garment  that  constricts  the 
lower  opening  of  the  thorax  must,  of  course,  favor  its  production, 
and  a  tightly  laced  corset  undoubtedly  has  this  effect,  but  so  has  any 
coat  that  is  well  "cut  in  at  the  waist,"  as,  for  example,  a  military 
coat.  But  the  skirt  band  which  rests  on  the  hips  e\ddently  does 
not  produce  such  an  effect.  The  movement  of  the  sternum  must  also 
be  taken  into  consideration.  At  each  inspiration  the  first  rib  and 
the  sternum  are  raised,  and  as  the  ribs  increase  in  length  from  above 
downward  and  the  arch  becomes  greater,  the  sternum  must  move 
forward,  rotating  about  an  axis  which  passes  in  the  frontal  plane 
through  the  two  insertions  of  the  first  rib.  The  lower  portion  of  the 
sternum  therefore  moves  further  away  from  the  vertebral  column 
than  the  upper  portion,  while  the  upper  extremity  of  the  bone  prac- 
tically remains  immovable.  The  more  vigorous  the  action  of  the 
auxiliar}^  muscles  of  respiration,  the  greater  the  elevation  of  the 

*  Landerer  has  attempted  to  explain  why  the  upper  ribs  show  a  greater  apt- 
ness and  tendency  to  become  elevated,  while  the  lower  are  more  apt  to  move 
outward. 
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thoracic  cage  as  a  whole.  Ordinary  vigorous  inspiration  is  accom- 
panied only  by  moderate  elevation  of  the  first  rib  and  of  the  clavicle, 
and  while  the  elevation  of  the  lower  ribs  is  greater,  it  is  accompanied 
by  a  forward  movement,  so  that  the  ^^ddth  of  the  intercostal  spaces 
re  plains  approximately  the  same.  Landerer  found  in  the  cadaver 
that  the  three  first  intercostal  spaces  contract  during  inspiration 
while  the  lower  spaces  become  somewhat  mder.  The  thorax  as  a 
whole  was  about  2  cm.  longer  in  the  inspiratory,  than  in  the  expira- 
tory position,  but  this  does  not  necessarily  apply  to  the  living  sub- 
ject. 

The  normal  thorax  possesses  a  certain  resiliency,  by  \drtue  of  which 
it  constantly  tends  to  regain  its  position  of  rest.  But  what  is  this 
position  of  rest?  It  was  formerly  thought  that  the  position  of  rest 
corresponded  to  the  end  of  inspiration.  Henke  then  taught  that 
the  equilibrium  of  the  ligamentary  apparatus  of  the  thorax  was 
represented  by  the  inspiratory  position  and  that  the  resiliency  of  the 
thorax  could  act  for  a  short  space  of  time  as  an  expiratory  force  only 
during  very  forcible  inspiration.*  Under  ordinary  conditions  (accord- 
ing to  Henke)  the  thorax,  by  \drtue  of  the  elasticity  of  the  costal 
cartilages,  returns  to  a  position  of  elevation  as  its  normal  position  of 
rest.  It  appears  to  me  rather  suspicious,  how^ever,  that  he  fails  to 
give  any  good  reasons  for  this  statement.  He  says:  "This  position 
of  rest  is  indicated  by  the  anterior  extremity  of  the  rib,  its  junction 
with  the  sternum  being  in  the  plane  of  its  axis  of  rotation."  He 
reached  this  conclusion  through  observations  made  on  moist  prepara- 
tions. He  acknowledges,  however,  that  torsion  of  the  costal  cartilages, 
the  effects  of  which  are  not  quite  so  easy  to  interpret,  also  enters  into 
the  problem.  Henke 's  view  finds  support  in  an  investigation  made  by 
Landerer.  t  He  set  a  cadaver  on  its  feet,  punctured  the  pleural  sacs, 
cleared  out  the  intercostal  spaces,  separated  the  anterior  medias- 
tinum from  the  sternum,  and  sawed  through  the  manubrium  and 
sternum  crosswise  between  costal  insertions,  beginning  above.  After 
the  manubrium  had  been  di\adecl  wdth  a  saw  between  the  first  and 
second  ribs,  the  upper  portion  wiih.  the  first  costal  insertion  moved 
upward  10  mm.  and  outward  4  mm.  The  lower  portion  descended 
4  mm.  As  he  continued  to  saw  through  the  sternum  cloT^mward  be- 
tween two  ribs,  the  portion  attached  to  the  abdomen  descended  more 
and  more.  The  upward  and  outward  movement  was  most  marked 
at  the  first  and  second  costal  insertions  and  disappeared  altogether  at 
the  sixth.  From  this  and  other  investigations,  which  space  forbids 
describing  here,  he  arrived  at  the  following  result:  The  position  of 
equilibrium  of  the  thorax  is  the  product  of  the  elastic  tendency 
of  the  six  upper  pairs  of  ribs  to  move  upward,  and  the  weight  of 
the  thorax  and  abdominal  viscera  which  counteracts  that  tendency. 
The  elasticity  of  the  upper  portion  of  the  thoracic  wall  therefore 

*  "  Handbuch  der  Anatomie  und  Mechanik  der  GelenKe,"  p.  86. 
t"Archiv  fiir  Anatomie  und  Physiologie,"  Physiologische  Abtheilung,  1881, 
p.  278. 
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assists  in  inspiration  in  every  position  of  the  body,  but  most  in  the 
horizontal  position,  in  which  it  is  least  antagonized  by  the  weight  of 
the  abdominal  viscera.  Inspiration,  therefore,  is  first  affected  by 
loss  of  elasticity  in  the  thorax.  The  elasticity  of  the  lungs,  on 
the  other  hand,  evidently  favors  expiration,  hence  expiration  is  first 
effected  by  a  loss  of  pulmonary  elasticity.  When  the  two  factors 
coexist  in  varjdng  degrees,  and  react  one  on  the  other,  it  is  at  once 
e\'ident  that  a  great  variety  of  results  are  possible. 

The  position  of  the  body  is  not  unimportant,  for  in  the  erect  posi- 
tion the  weight  of  the  abdominal  wall  and  of  the  thorax  tends  to  assist 
expiration,  while  in  the  horizontal  position  this  expiratory  aid  is 
altogether  wanting.  Hence  the  resultant  of  all  the  forces  that  act 
on  the'  thorax  will  vary  in  the  different  positions  of  the  body;  the 
horizontal  and  sitting  position  tend  to  favor  inspiration,  while  the 
erect  position  favors  expiration. 

It  follows  that  the  expiratory  muscles  must  overcome  a  certain 
resiliency  on  the  part  of  the  thorax,  and  force  it  out  of  its  normal 
position  so  as  to  diminish  its  volimie.  The  younger  the  individual, 
the  more  effective  will  be  the  respiratory  masculature  in  this  respect. 
In  old  age  this  action  on  the  part  of  the  muscles  is  scarcely  possible. 
As  the  costal  cartilages  become  calcified,  the  forward  movement  of 
the  sternum  is  rapidly  impaired,  while  the  upward  movement  remains 
and  becomes  more  prominent  than  ever.  The  upward  movement  is 
not,  however,  accomplished  by  the  resiliency  of  the  thorax,  and  an 
extra  amount  of  work  is  therefore  thro"^Ti  on  the  inspiratory  muscles. 
The  thorax  is  laboriously  elevated  as  a  whole  and  then  falls  again 
like  lead.  If  the  lung  is  atrophic,  the  thorax  often  does  not  appear 
dilated  and  the  intercostal  spaces  may  even  be  depressed.  Such 
elevation  \vdthout  corresponding  distention  is  a  sign  of  calcification 
of  the  cartilages  and  obliteration  of  the  sternocostal  articulations, 
and  these  conditions  are  so  common  in  emphysema  that  they  may  be 
regarded  as  signs  of  that  disease.  But  the  explanation  cannot  be 
applied  -^dthout  qualification  to  young  emphysematoas  subjects. 

Youthful  individuals  have  a  beautifully  arched  thorax  correspond- 
ing to  its  inspiratory  position ;  the  thorax,  it  is  true,  neither  expands 
nor  collapses  sufficiently,  but  it  does  not  present  the  rigid  appearance 
observed  in  old  persons,  in  whom  the  thorax  moves  as  a  whole,  or  like 
a  solid  mass,  as  it  were.  The  resiliency  of  the  upper  ribs  is  preserv-ed, 
the  inspiratory  miLscles  are  not  forced  into  excessive  exertion,  and 
their  development  as  a  matter  of  observation  is  not  nearh'  so  marked 
as  would  be  expected  from  the  high  degree  of  cyanosis.  Accordingly, 
Traube  observed  in  youthful  individuals  suffering  from  heart  cUsease 
an  abnormally  arched  thorax,  corresponding  in  its  chief  character- 
istics to  the  emphysematous  thorax.  He  attributes  the  shape  of  the 
thorax  exclusively  to  the  inspiratory  efforts,  which  are  quite  different 
in  such  individuals  after  even  moderate  exercise. 

The  study  of  the  absorption  of  oxygen  and  the  elimination  of  car- 
bon dioxid  has  not  been  neglected.     A  priori  it  was  to  be  presumed 
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that  both  would  be  increased.  Geppert*  studied  the  question  on 
three  emphysematous  subjects.  He  discovered  the  remarkable  fact 
that  the  degree  of  ventilation  was  not  materially  different  from  that 
which  takes  place  in  the  healthy  subject.  The  latter  he  estimates  at 
8.3  to  10  liters  per  minute,  while  in  emphysematous  subjects  the  corre- 
sponding figures  are  8.33  to  11.76  liters;  if  there  is  any  increase, 
therefore,  it  is  very  slight.  As  regards  the  composition  of  the  expired 
air,  he  calculates  for  the  healthy  subject,  from  the  analyses  of  earlier 
investigators,  4.1  to  4.38  of  carbon  dioxid,  and  16.033  to  16.28  of 
oxygen,  making  a  deficit  of  4.8  to  5.1  of  oxygen.  In  his  emphysem- 
atous subjects  he  obtained  2.32  to  2.6  carbon  dioxid  and  17.48  to 
18.44  oxygen,  making  a  deficit  of  2.6  to  4.2  oxygen.  The  low  figures 
he  obtained  for  the  absolute  elimination  of  carbon  dioxid  are  in  them- 
selves sufficiently  remarkable. f  The  behavior  of  the  expired  air  is 
the  same  as  in  excessive  ventilation;  i.  e.,  parts  of  the  circulatory 
system  in  the  lung  which  are  accessible  to  the  air  are  excessively 
ventilated,  while  the  pressure  of  carbon  dioxid  is  undoubtedly  reduced. 
The  interpretation  of  this  observation  is  not  altogether  clear,  and 
suggests  the  necessity  of  further  investigation. 

In  conclusion,  I  must  not  omit  to  mention  the  interesting  fact 
that  Traube  was  able  to  confirm  the  statement  %  that  pulmonary  em- 
physema in  itself  is  -quite  incapable  of  producing  dyspnea.  He  con- 
cludes that  the  slow  destructive  process  in  the  lung  can  produce  only 
a  gradual  decrease  in  the  supply  of  oxygen  and  formation  of  carbon 
dioxid;  but  when  so  little  carbon  dioxid  is  produced,  the  amount 
necessary  for  the  production  of  severe  dyspnea  cannot  easily  accumu- 
late in  the  blood  of  an  emphysematous  subject.  Since,  therefore,  the 
small  amount  of  carbon  dioxid  in  the  inspired  air  has  been  quantita- 
tively determined  by  Geppert,  it  follows,  does  it  not,  that  the  carbon 
dioxid  tension  in  the  blood  is  also  low?  But  this  is  a  rash  method 
of  reasoning.  The  tension  may  even  be  increased  if,  for  example, 
some  other  obstacles  to  the  interchange  of  gases  are  present;  and 
that  they  are  present  can  hardly  be  doubted.  It  is  a  bold  assertion 
on  Traube 's  part  that  the  production  of  carbon  dioxid  must  diminish 
on  account  of  the  diminished  supply  of  oxygen  (evidently  through  the 
lung),  since  the  two  values  are,  to  a  great  extent  at  least,  indepen- 
dent of  one  another. 

2.  In  addition  to  simple  dyspnea,  distinct  dyspneic  attacks  also 
occur  in  emphysema.  Some  of  these  are  undoubtedly  attacks  of  true 
bronchial  asthma,  at  least  in  cases  of  the  asthmatic  form  of  emphy- 
sema. Another  group  of  cases  belonging  to  cardiac  asthma  may  be 
seen  in  their  most  pronounced  form  in  patients  suffering  from  cardiac 
emphysema.     As,  however,  the  heart  sooner  or  later  becomes  involved 

*  Charite-Annalen,  ix,  1884,  p.  282.     Compare  also  MoUer,  Zeitschr.  fiir  Biologie, 

vol.  XIV. 

t  He  agrees  with  Grehant,  Gazette  des  hopitaux,  1880. 
J  "  Gesammelte  Abhandlungen,"  iii,  p.  413. 
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in  overj^  emphysematous  individual,  cardiac  asthma  must  be  regarded 
as  a  true  synii)toni  of  cniphysoma,  just  as,  conversely,  emphysema 
may  be  superadded  to  cardiac  asthma  developing  from  other  causes. 
I  (lo  not  believe  there  is  any  justification  for  distinguishing  any 
special  dyspneic  attacks  independent  of  asthma  or  cardiac  weakness 
in  addition  to  the  two  varieties  here  described. 

3.  After  dyspnea,  enlargement  of  the  lung  is  the  most  important 
symptom  of  emphysema.  It  is  demonstrated  by  the  position  of  the 
diaphragm,  the  distention  of  the  thorax,  the  displacement  of  the 
heart, — signs  that  have  been  discussed  elsewhere, — and  by  the  pro- 
trusion of  the  lung  above  the  clavicles.  The  latter  sign  cannot  be 
produced,  howe^•er,  unless  the  muscles  and  fascia  that  cover  in  the 
superior  aperture  of  the  thorax  have  become  atrophied  from  want 
of  nutrition.  The  sign  is  therefore  not  observed  in  youthful  and 
\'igorous  subjects,  while  it  is  occasionally  very  pronounced  in  old  and 
cachectic  patients. 

In  the  normal  state  the  arches  formed  by  the  lungs  and  pleurae 
project  above  the  oblique  plane  of  the  first  rib*;  the  arch  formed  by 
the  pleura  is  separated  from  that  corresponding  to  the  lung  by  a  trans- 
verse depression  due  to  the  subclavian  artery :  behind  is  a  small  but 
pronounced  bulging,  and  in  front  the  extent  of  the  arch  is  greater, 
but  the  bulging  is  less  prominent.  These  arches  project  above  the 
anterior  extremity  of  the  first  rib,  where  the  upper  margin  of  the 
sternum  extends  to  the  boundary  between  the  second  and  third 
thoracic  vertebrae — on  the  average,  about  3.5  cm.,  the  figures  ranging 
betw^een  2.5  and  5.5.  According  to  Pansch,  no  constant  cUfference 
exists  between  the  right  and  left  sides.  The  anterior  border  of  the 
neck  of  the  first  rib,  which  marks  the  upper  limit  of  the  excursion  of 
the  pleura  in  health,  is  reacUly  determined. 

The  upper  pole  of  the  pleural  sac,  situated  behind  the  subclavian 
artery,  is  almost  completely  covered  by  denser  tissues,  the  scaleni  mus- 
cles, and  the  brachial  plexus;  while  the  anterior  bulging  is  in  part  cov- 
ered with  loose  tissues  except  the  sternocleidomastoid  muscle  and  the 
ck^dcle.  During  deep  inspiration  the  vertical  elevation  of  the  apex 
of  the  lung  above  the  sternal  portion  of  the  clavicle  is  diminished; 
although  the  apex  does  not  alter  its  position,  the  cla^-icle  rises.  This 
change  is  well  seen  in  the  Rontgen-ray  picture.  Pansch  is  therefore 
right  in  refuting  the  statements  of  Riidiger,  Heytl,  and  Guttmann. 

In  emphysema  the  portion  lying  in  front  of  the  subclavian  artery, 
which  has  no  immechate  covering  of  solid  tissue,  is  forced  forward  to- 
ward the  supraclavicular  fossa,  between  the  scalenus  and  the  sterno- 
cleidomastoid muscles.  In  this  way  the  evanescent  tumors  above  the 
clavicles  observed  during  violent  coughing  efforts  are  produced.  A 
simultaneous  swelling  of  the  jugular  vein  sometimes  tends  still  fiulher 
to  increase  the  size  of  the  tumor.  The  lower  border  of  the  lungs  will 
be  discussed  imder  the  head  of  Percussion. 

*  Pansch,  "  Archiv  fiir  Anatomie  unci  Physiologie,"  Anatomische  Theil,  1881. 
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In  rare  cases  the  lung  is  protruded  in  other  regions.  The  literature 
of  the  so-called  pulmonary  hernias  has  been  discussed  by  Striibing* 
The  case  reported  by  Friedreich  f  has  now  become  classic.  During  a 
violent  attack  of  cough  in  an  emphysematous  subject  a  tumor  the  size 
of  an  egg  suddenly  appeared  in  the  fifth  intercostal  space  in  the 
mammary  line.  The  tumor  was  elastic  to  the  touch  and  gave  out 
a  distinctly  resonant  sound  on  percussion.  SchmidtleinJ  performed 
the  autopsy  on  a  subject  in  whom  the  upper  pole  of  the  pleural 
sac  protruded  like  a  hernia  half-way  up  the  neck;  the  hernial  sac 
contained  an  extremely  emphysematous  portion  of  lung.  Knox§ 
reports  another  extreme  case  that  came  to  autopsy,  as  follows :  The 
left  lung  and  the  anterior  border  of  the  right  lung  were  emphysem- 
atous. The  apex  of  the  right  lung  was  forced  into  the  neck  behind 
the  clavicle  and  converted  into  a  transparent  tumor  the  size  of  a 
man's  fist.  All  traces  of  alveolar  structure  had  disappeared.  After 
the  lung  had  been  removed,  the  entire  hand  could  be  passed  up  into 
the  neck  behind  the  clavicle.  The  heart  muscle  was  pale  and  flaccid, 
the  left  ventricle  was  hypertrophied,  the  Hver  and  kidneys  were  in  a 
state  of  passive  congestion. 

4.  The  shape  of  the  thorax  presents  characteristic  alterations.  In 
uncomplicated  emphysema  the  thorax  is  enlarged,  the  enlargement 
appearing  most  marked  in  the  upper  half.  This  impression  is  accen- 
tuated by  the  fact  that  the  thorax,  as  a  rule,  is  higher  than  in  the 
normal  state.  The  fact  that  the  upper  anterior  portions  of  the  lungs 
are  especially  enlarged  has  been  explained  by  assuming  that  the 
catarrh  is  usually  most  severe  in  the  lower  portions,  and  that  the 
air  drawn  in  during  inspiration  can  only  enter  the  large  air-passages 
and  upper  portions  of  the  thorax,  but  finds  an  insuperable  obstacle  in 
the  small  bronchi  of  the  lower  portions,  hence  the  upper  portions  of 
the  thorax  become  more  enlarged  than  the  lower  portions.  The 
action  of  the  inspiratory  muscles  is  evidently  controlled  by  the  need 
of  the  body  for  oxygen.  If  the  lower  portions  of  the  lung  are  less 
accessible  to  the  air,  air  hunger  will  be  increased ;  the  diaphragm  and 
other  inspiratory  muscles  are  stimulated  to  greater  activity,  but  the 
work  performed  by  the  diaphragm  will  be  relatively  diminished  on 
account  of  the  obstruction,  and  the  upper  portion  of  the  thorax,  which 
gives  attachment  to  the  remaining  inspiratory  muscles,  is  forced  to 
perform  a  correspondingly  greater  amount  of  work.  In  this  form  of 
catarrh  Riegel  actually  found  with  the  stethograph  that  the  excursion 
of  the  upper  portion  as  compared  with  that  of  the  lower  portion  was 
considerably  increased.  Riegel  points  out  that  in  old  men  whose 
thoracic  walls  have  lost  some  of  their  elasticity  the  movements  of  the 
ribs  are  materially  diminished  and  the  usual  excessive  dilatation  of 

*  Virchow's  Archiv,  vol.  cxvi. 

t  "  Verhandlungen  der  physikalisch-medicinischen  Gesellschaft  zu  Wiirzburg," 
vol.  X,  p.  191. 

t  "  Deutsche  Klinik,"  1864.  §  Lancet,  1885. 
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tlic  upper  portion  of  the  thorax  does  not  take  place.  ^Mlile,  therefore, 
uiidor  such  con(ntions,  the  increased  enhirgement  of  the  upper  part 
of  the  thorax  may  he  expUuned  by  the  nieclianisni  of  inspiration,  it 
is  interesting  to  tintl  that  Mendelssohn  and  others  utilized  this  ver}- 
phenomenon  to  supj)ort  their  expiration  theory.  Mendelssohn  ex- 
I)lained  that  during  forced  expiration  the  lower  portion  of  the  lUng 
suffers  the  greatest  compression,  and  that  thus  the  upward  expirator}- 
stream  of  air  must  be  produced.  This  expiratory  stream  meets  with 
the  resistance  of  the  air  coming  from  the  upper  lobe ;  the  pressure  is 
thus  increased  and  the  alveoh  of  the  upper  portion  of  the  lung  are 
distended. 

This  pressure  is  still  more  heightened  when  the  escape  of  air 
through  the  narrow  gl(jttis  is  interfered  with,  as  usually  happens  during 
cough.  The  air  which  is  compressed  in  the  lower  lobes  of  the  lung  is 
forced  upward  and  thus  enters  the  main  bronchus  of  the  upper  lobe 
which  is  directed  obliquely  downward.  I  belie^'e  that  both  inspira- 
tion and  expiration  may  under  certain  conditions  develop  injurious 
influences  in  varying  degrees:  the  inspiratory  theory  cannot  be 
accepted  for  the  cases  in  wliich  the  lower  portions  of  the  lung  are  quite 
free  and  accessible  to  the  air,  but  as  catarrh  and  emphysema  are  so 
closely  related,  the  theory  cannot  be  altogether  overlooked.  The 
expiration  theory  also  presupposes  an  injury  calculated  to  produce 
an  enormous  increase  in  expiration,  since  normal  expiration  can  do  no 
harm.  In  other  words,  there  must  be  some  morbific  or,  more  cor- 
rectly, cough-exciting  factor,  and  this  is  found  most  frequently  in 
catarrh,  which  forces  us  to  include  in  the  explanation  of  the  patho- 
genesis the  injury  produced  b}^  inspiration. 

After  this  little  digression,  let  us  return  to  the  consideration  of 
the  thorax.  The  ribs  of  an  emphysematous  subject  appear  exces- 
sively arched  because  they  are  always  seen  in  the  inspiratory  position. 
The  sternal  extremities  of  the  clavicles  are  cUsplaced  forward  in  accord- 
ance with  the  position  of  the  sternum.  The  latter  is  not  protruded 
beyond  the  level  of  the  ribs;  it  is  pushed  forward  along  with  the 
anterior  extremities  of  the  ribs  to  which  it  is  attached.  It  is  some- 
times described  as  projecting  in  the  form  of  a  wedge.  This  phe- 
nomenon does  not  belong  to  emphysema,  but  depends  on  other  con- 
ditions. As  the  cartilages  gradually  become  ossified  and  quite  rigid, 
an  arched  dilatation  is  produced.  The  sagittal  diameter  is  greatly 
increased,  as  are  also  the  transverse  diameters.  The  lower  opening 
of  the  thorax  is  enlarged  so  that  the  ribs  where  the}^  leave  the  sternum 
do  not  form  a  right  angle,  as  in  the  normal  state,  but  an  angle  equiva- 
lent to  about  135  degrees.  The  upper  ribs  are  more  horizontal 
because  they  are  elevated.  The  intercostal  spaces  are  wide  and  hard. 
The  cUstention  and  forward  bulging  is  generally  greater  in  the  upper 
than  in  the  lower  ribs,  although  there  are  numerous  transitional  cases. 
In  the  emphysema  of  old  persons  the  differences  gradually  disappear. 
In  those  cases  in  wliich  the  distention  is  fairly  uniform  in  the  entire 
thorax,  the  expression  ''barrel-shaped  chest"  is  justifiable. 
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The  term  barrel-shaped  chest  is  used  as  if  it  were  a  very  simple 
matter,  and  it  is  evident  that  no  clear  idea  of  its  meaning  is,  as  a  rule, 
associated  with  the  expression.  It  is  really  a  poor  expression,  for 
the  ribs  are  not  uniformly  arched;  they  present  conspicuous  angula- 
tions at  various  points.  The  normal  curve,  the  apogee  of  which  is 
marked  by  the  axillary  line,  is  converted  into  a  plane  with  somewhat 
rounded  anterior  and  posterior  edges,  and  the  walls  of  the  thorax  can 
be  quite  distinctly  subdivided  into  an  anterior,  a  posterior,  and  lateral 
walls.  The  thorax,  when  seen  from  without,  thus  presents  a  square 
shape,  and,  as  the  sagittal  diameter  constantly  tends  to  approach 
in  length  the  transverse  diameter,  the  horizontal  section  of  the  thorax 
ultimately  becomes  practically  square.  The  impression  of  a  barrel- 
shape  is  especially  obtained  from  the  upper  portion  of  the  thorax 
when  the  arms  hang  down  by  the  sides  and  conceal  the  lateral  surfaces. 
Personally,  I  think  the  comparison  is  a  very  unfortunate  one.  When 
the  thorax  is  arched  from  above  outward,  particularly  when  there  is 
no  well-defined  peripneumonic  depression  (Harrison)  and  the  antero- 
posterior and  transverse  diameters  measured  on  the  outside  of  the 
body  in  the  same  plane  are  approximately  equal, — they  are  never 
quite  equal,  the  transverse  diameter  is  always  a  little  larger  than  the 
anteroposterior, — and,  finally,  when  the  arch  of  the  upper  portion  in 
front  corresponds  to  an  arch  behind  at  the  level  of  the  shoulder- 
blades — when  these  conditions  are  in  evidence,  the  term  barrel- 
shaped  may  be  employed.  It  is  seen  in  its  most  typical  form  in  indi- 
viduals between  the  ages  of  thirty  and  forty. 

The  characteristic  alterations  of  the  thorax  may  be  absent  if  the 
emphysema  develops  in  old  age,  when  the  thorax  has  already  become 
rigid.  In  fact,  the  change  in  the  thorax  always  depends  largely  on 
the  time  of  life  when  the  disease  begins.  The  cUfferences  in  this 
respect  are  discussed  at  some  length  by  Sibson.*  It  seems  to  me 
that  emphysema  acquired  in  youth  is  particularly  characterized  by 
the  so-called  peripneumonic  furrow  and  by  the  circumstance  that 
the  lower  ribs,  from  the  sixth  to  the  tenth,  appear  depressed  as  com- 
pared with  the  upper  ribs.  Senile  emphysema,  on  the  other  hand,  is 
characterized  by  marked  curvature  of  the  vertebral  column,  protru- 
sion of  the  head,  and  a  general  rounding  of  the  shoulders.  Steffen,t 
in  his  minute  description  of  the  emphysematous  thorax  in  the  child, 
says  that  it  never  acquires  the  barrel-shape,  and  in  regard  to  the 
respiration  he  lays  special  stress  on  the  fact  that  only  the  upper  half 
of  the  thorax  expands  during  inspiration,  the  lower  half,  on  the  con- 
trary, being  retracted.  But  this  is  merely  an  intensified  form  of  the 
phenomenon  observed  in  all  emphysematous  subjects,  because  the 
excessive  contraction  of  the  inspiratory  muscles  especially  affects  the 
upper  ribs. 

Fiirst  %  also  asserts  that  the  thorax  in  young  children  never,  and 
in  older  children  very  rarely,  presents  the  barrel-shape,  and  that  it 

*  London  Med.  Gaz.,  1848,  1849.  t  "  Klinik  der  Kinderkrankheiten." 

X  Gephardt's  "  Handbuch  der  Kinderkrankheiten,"  vol.  iii. 
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is  only  when  the  thorax  is  defornu'd  as  a  result  of  rachitis  or  abnorm- 
ally early  ossification  that  the  shape  somewhat  su^^ests  that  of  a 
barrel.  These  statements  do  not  in  the  least  a^ree  with  my  view; 
for  in  these  subjects  the  portions  about  the  nipple  are  contracted  and 
the  lower  costal  border  projects  outward  in  the  shape  of  a  shovel, 
which  does  not  in  the  least  suggest  a  barrel,  although  it  is  true  that  the 
arch  of  the  back  is  well  marked.  The  dilatation  in  the  anteroposterior 
direction,  Fiirst  sa}'S,  is  fairly  constant  (personall}',  I  should  be  in- 
clined to  call  it  quite  constant),  and  affects  especially  the  upper  por- 
tion of  the  thorax,  where  the  oblique  diameters  are  also  enlarged. 
Sometimes  the  supraclavicular  region  becomes  permanently  protrud- 
ing. Below  the  fourth  rib  the  thoracic  space  may  be  found  smaller 
than  normal  from  the  presence  of  the  peripneumonic  furrow;  the 
thorax  is  less  immovable  than  in  the  adult ;  the  breathing  in  a  healthy 
child  is  more  diaphragmatic,  while  in  an  emphysematous  child  the 
costal  type  is  more  pronounced.  Fiirst  regards  expiratory  distention, 
especially  of  the  upper  portions  of  the  thorax  in  the  acromial  division 
of  the  supraclavicular  region  during  violent  paroxysms  of  cough,  as 
particularly  characteristic.  If  the  disease  is  protracted,  the  neck 
becomes  shortened  and  the  accessory  muscles  of  respiration,  the 
sternocleidomastoid  and  the  scaleni  muscles,  hypertrophy. 

5.  Curvature  of  the  spine  usually  exists,  and  produces  a  well- 
marked  arch  with  its  convexity  presented  outward,  the  point  of 
greatest  curvature  corresponding  to  the  lower  portion  of  the  thoracic 
spine.  The  sternum  forms  a  corresponding  but  less  prominent  arch, 
with  its  convexity  directed  forward,  the  point  of  greatest  curvature 
corresponding  to  the  insertion  of  the  fourth  rib.  The  angle  at  the 
second  rib  (Lud wig's  angle)  is  very  variable;  sometimes  it  is  very 
inconspicuous,  and  may  even  be  quite  obliterated. 

The  extreme  curvature  of  the  vertebral  column  is  accompanied  by 
a  bent-over  attitude,  and  the  subject  of  emphysema  gradually  loses 
in  stature  (Sibson).  This  attitude  assists  the  action  of  the  sterno- 
cleidomastoid and  scaleni  muscles,  inasmuch  as  their  insertions  on 
the  skull  and  on  the  vertebral  column  occupy  a  position  more  di- 
rectly over  their  insertions  on  the  clavicle,  the  sternum,  and  the  ribs, 
and  the  muscles  are  thus  enabled  to  contract  in  a  more  effective 
direction. 

6.  In  regard  to  the  shape  of  the  sternum,  which  is  so  very  con- 
spicuous, it  may  be  said  that  it  appears  unusually  flat  and  broad. 
The  so-called  sternal  angle  has  long  occupied  the  attention  of  ob- 
servers; it  appears  more  or  less  pronoimced  in  many  people,  and  is 
caused  by  the  fact  that  under  certain  circumstances  the  plane  of  the 
manubrium  and  that  of  the  gladiolus  form  an  angle  with  one  another. 
The  apex  of  the  angle  corresponds  to  a  transverse  ridge  between  the 
insertions  of  the  second  pair  of  ribs.  The  mechanism  concerned  in 
the  production  of  this  angle  has  recently  been  investigated  by  Roths- 

21 
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child.*  The  manubrium  articulates  with  the  gladiolus  by  means  of 
an  elastic  joint,  permitting  the  convexity  of  the  bone  to  be  increased 
at  each  inspiration.  The  manubrium  maintains  its  freedom  of  move- 
ment until  advanced  age,  between  sixty  and  seventy  years  of  age, 
when  its  articulation  with  the  gladiolus  becomes  ossified.  The  first 
rib  is  joined  to  the  manubrium  without  the  formation  of  a  sterno- 
costal joint,  the  manubrium  and  the  first  pair  of  ribs  forming  a  solid 
bony  ring.  Since  elevation  of  the  ribs  is  accompanied  by  rotation 
about  their  long  axis,  so  that  the  lower  border  is  everted,  the  move- 
ment must  be  transmitted  from  the  first  rib  to  the  manubrium.  The 
movement  of  the  second  to  the  seventh  ribs  is  not  communicated  to 
the  sternum,  being  arrested  in  the  articulations  that  connect  the 
costal  cartilage  of  these  ribs  with  the  sternum. t  With  the  aid  of  an 
instrument  known  as  the  sternogoniometer  Rothschild  found  the  size 
of  the  normal  sternal  angle  in  men  to  be  15.85  and  in  women  12.85. 
During  deep  inspiration  and  expiration,  an  excursion  of  14  degrees 
in  men  and  12.2  in  women  was  determined.  In  emphysematous  sub- 
jects, on  the  other  hand,  an  abnormally  large  angle  was  found  between 
the  gladiolus  and  the  manubrium — 25  to  33  degrees,  as  against  the 
normal  measurement  of  24  degrees  in  deepest  inspiration,  although, 
on  the  other  hand,  the  excursion  was  in  every  instance  diminished 
and  in  a  few  cases  altogether  lost.  When  phthisis  is  associated  with 
emphysema  of  the  portions  of  the  lung  underlying  the  sternum,  if 
the  articulation  between  the  gladiolus  and  the  manubrium  is  pre- 
served, the  sternal  angle  may  become  greatly  enlarged,  although  this 
is  a  very  exceptional  occurrence  (this  last  sentence  seems  to  me  ob- 
scure). 

Rothschild's  explanations  of  the  anatomy  of  the  sternum  tally  vaih. 
those  of  the  older  anatomists,  which  will  be  found  set  forth  at  length 
in  Freund's  work.  Rothschild's  explanation  of  the  movement  of  the 
manubrium,  on  the  other  hand,  is  the  exact  opposite  of  that  given 
by  Freund,J  who  says:  "The  first  ribs,  during  elevation,  communicate 
to  the  manubrium  a  movement  which  tends  to  increase  its  inclination, 
so  that  the  upper  border  moves  backward  and  the  lower  border  for- 
w^ard.  But  if  the  connections  are  unbroken,  the  movement  thus 
communicated  to  the  manubrium  is  inhibited  not  only  by  the  gladi- 
olus, to  which  it  is  attached,  but  also  and  especially  by  the  clavicles. 
For  since  the  sternal  extremities  of  the  latter  project  behind  and 
above  the  articular  surfaces  on  the  manubrium,  while  they  are  covered 
by  it  (?  obscure!  Hoffmann  suggests  the  manubrium?)  in  front,  the 
line  connecting  the  acromial  ^^dth  the  external  extremities  of  the 
cla\dcle  runs  from  above  and  T^dthout,  downward,  inward,  and  for- 
ward, therefore  they  are  braced  firmly  against  the  posterior  edge  of 
the   manubrium  during   the    inspiratory  movement    of   the    entire 

*  Seventeenth  Congress  fiir  Innere  Medicin,  verhandlg.,  p.  590. 
t  The  second  rib  is  joined  to  the  manubrium  and  gladiolus  by  a  double  joint, 
and  does  not  inliibit  the  movement  of  the  manubrium. 
%  "Der  Zusammenhang,"  etc.,  p.  18. 
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sternum,  and  thus  assist,  by  assuming  a  more  horizontal  position 
(obscure  again),  in  moving  the  upper  bonier  of  the  manuljrium 
forward  and  away  from  the  vertebral  colunm."  Freund's  ex- 
planation is  marred  1)\'  the  obscurity  of  the  language,  which  is 
often  quite  unintelligible  and  destroys  the  value  of  his  otherwise 
painstaking  investigations.  His  fate  should  be  a  warning  to  all 
those  who  attempt  to  give  verbal  descrii)tions  of  com])lex  anatomic 
relations.  I  attribute  the  want  of  recognition  that  this  author  has 
secured  to  the  fact  that  he  is  so  hard  to  read. 

In  addition,  we  have  a  valuable  explanation  by  Landerer  in  regard 
to  the  behavior  of  the  sternum  in  a  healthy  indi\'idual.  The  sternum 
has  two  movements:  (I)  an  upward  movement,  which  is  most  pro- 
noimced  at  the  upper  border  of  the  manubrium  because  the  first 
costal  head  is  really  only  adapted  for  elevation;  (2)  a  forward  move- 
ment, which  is  greatest  in  the  lower  portion  and  least  at  the  extreme 
upper  extremity  of  the  bone.  The  difference  in  the  movements  of 
the  various  portions  of  the  sternum  is  made  possible  by  the  manubrio- 
gladiolar  articulation  and  by  the  elasticity  of  the  bone.  In  emphy- 
sema the  forward  movement  is  always  diminished,  while  the  upward 
movement  is  performed  uniformly  b}'  the  entire  sternum.  This 
corresponds  with  the  results  olDtained  by  Rothschild. 

In  addition  to  the  sternal  angle,  an  anterior  curvature  of  the 
sternimi  is  observed  in  many  cases  similar  to  the  posterior  curvature 
of  the  vertebral  column.  The  bone  presents  an  anterior  convexity, 
the  most  prominent  point  of  which  corresponds  approximately  to 
about  the  level  of  the  fourth  rib ;  above  that  point  the  upper  segment 
is  more  depressed  than  the  lower  segment.  In  emphysematous 
subjects  the  sternum  is  often  straight.  The  accurate  descriptions 
of  the  breast-bone  in  emphysematous  subjects  of  various  ages  given 
by  Sibson  (/.  c.)  cannot,  in  my  belief,  be  regarded  as  having  a  general 
application.  He  sa3^s  that  the  sternum  in  youthful  individuals  is 
arched,  and  that  the  prominence  increases  from  above  downward 
to  a  point  one  inch  above  the  xiphoid  cartilage,  when  the  promi- 
nence suddenly  disappears,  so  that  the  xiphoid  cartilage  occupies  a 
depression.  At  the  level  of  the  first  to  the  third  ribs  he  says  that 
the  sternum  projects  bej^ond  the  costal  cartilages,  while  the  fourth 
and  fifth  costal  cartilages  project  in  front  of  the  sternum. 

In  the  adult  the  upper  extremity  of  the  sternum  is  more  prom- 
inent, especially  at  the  junction  of  the  first  and  second  ribs.  Bet\yeen 
the  cartilages  of  the  fourth  pair  of  ribs,  which  are  very  prominent, 
and  especially  between  those  of  the  fifth  pair,  the  sternum  forms  a 
depression.  The  sixth  and  the  seventh  cartilages  are  but  little  more 
prominent  than  the  fifth,  whereas  these  cartilages  in  youthful  indi- 
■\dduals  are  cUstinctly  depressed.  The  costal  angle  at  the  xiphoid 
process  is  unusually  great. 

In  senile  emphysema  the  sternum  becomes  gradually  more  and 
more  prominent  from  above  downward,  but  the  cartilages  of  the 
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fourth  and  fifth  ribs  do  not  project,  the  sternum  and  the  costal  carti- 
lages occupying  the  same  plane. 

7.  The  various  factors  that  have  been  discussed  so  far  explain 
the  interesting  general  impression  produced  in  many  cases  by  an  em- 
physematous patient.  The  peculiar  look  and  expression  of  face  of 
an  individual  who  is  in  constant  want  of  oxygen  cannot  be  described, 
striking  as  it  is  to  the  observer.  The  patient  looks  cyanotic,  the 
eyes  are  bright  and  somewhat  protruding,  the  nose,  the  lips,  especially 
the  lower  lip,  are  thickened.  The  engorgement  of  the  entire  venous 
system  is  especially  marked  in  the  neck  and  in  the  upper  extremities, 
where  the  veins  appear  as  thick  blue  cords  interrupted  by  nodes  that 
correspond  to  the  positions  of  the  valves.  The  neck  is  short  and 
thick;  the  sternocleidomastoid,  scaleni,  omohyoid,  and  trapezius 
muscles  are  prominent  and  appear  extremely  short,  while  the  intervals 
between  the  muscles  are  marked  by  deep  depressions.  The  shoulders 
are  drawn  up,  and  the  ribs  are  more  horizontal  than  in  the  normal 
subject.  The  sternum  as  well  as  the  clavicles  are  abnormally  prom- 
inent and  rigid,  the  back  is  more  or  less  bowed,  especially  about  the 
middle  of  the  thoracic  spine,  and  the  head  is  carried  deep  between 
the  shoulders  and  bent  over  forward. 

In  severe  cases  the  patient  is  found  sitting  up  with  his  arms  on  the 
table,  the  abdomen  swollen,  the  outlines  of  the  recti  muscles  dis- 
tinctly marked.  The  lower  extremities  also  present  dilatation  of 
the  veins  and  often  anasarca.  The  accompanying  excellent  illustra- 
tion (Fig.  23),  which  faithfully  reproduces  the  general  appearance  of 
an  emphysematous  patient,  is  taken  from  Rehn.* 

Litten's  sign  is  absent  and  distinct  retraction  is  seen  opposite  the 
insertion  of  the  diaphragm  on  inspiration,  unless  the  thorax  has 
already  become  too  rigid.  The  sign  is  therefore  most  distinct  in 
youthful  individuals.  But  even  when  the  thorax  is  rigid,  the  retrac- 
tion at  and  below  the  extremity  of  the  xiphoid  cartilage  is  a  striking 
feature.  Stokes' t  classic  description  of  emphysema  contains  some 
additional  features  and  is  well  worth  reproducing. 

The  complexion  is  commonly  somewhat  dusky,  and  the  face,  while  it 
wears  an  anxious  and  melancholy  expression,  is  in  many  cases  bloated, 
and  forms  a  striking  contrast  to  the  condition  of  the  rest  of  the  body. 
The  swelling  of  the  face  is  probably  due  to  hypertrophy  of  the  cellular 
tissue  and  of  the  respiratory  muscles  in  the  face,  the  former  produced  by 
(repeated?)  venous  congestion,  the  latter  by  the  excessive  exertion  of  the 
entire  system  of  inspiratory  muscles.  The  nares  are  dilated,  thickened, 
and  injected.  The  lower  lip  is  enlarged,  the  mucous  membrane  everted 
and  livid,  lending  the  face  a  peculiar  expression  of  anxiety,  melancholy, 
and  disease.  The  shoulders  are  thrust  forward  and  the  patient  habitually 
assumes  a  bent  position  as  the  result  of  the  repeated  tax  of  orthopnea 

* "  Die  wichtigsten  Formveranderungen  des  menschlichen  Brustkorbes," 
Vienna,  Braiimiiller,  1875. 

t  "  Diseases  of  the  Chest,"  p.  176. 
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and  coughing  and  because  he  experiences  a  certain  degree  of  rchef  in  that 
attitude.  An  emphysematous  patient  is  thus  frequently  found  sitting 
upright  in  bed  with  folded  hands  resting  on  his  knees,  and  the  head  bent 
over  forward,  the  object  of  this  attitude  appearing  to  be  to  relax  the 
abdominal  muscles  and  to  afford  a  certain  support  with  the  arm  to  those 
muscles  that  might  interfere  with  inspiration  (?).  The  shape  of  the  chest 
is  altered  to  such  an  extent  by  the  habit  of  bending  over  that  I  have  seen 
numerous  cases  in  which  the  acromial,  intercapsular,  and  supra-  and 
infra-spinous  surfaces  were  practically  horizontal.  The  point  of  the 
scapula  under  such  circumstances  becomes  unusually  prominent;  in 
front  the  clavicles  appear  arched  and  prominent  and  the  triangular  spaces 
that  correspond  to  the  insertions  of  the  sternocleidomastoid  and  scaleni 


muscles  are  unusually  deep.  The  cellular  and  fatty  tissue  of  the  neck 
appears  atrophied,  but  the  muscles  of  inspiration,  especially  the  sterno- 
cleidomastoid and  scaleni  muscles,  are  hypertrophied  and  the  thyroid 
cartilage  as  a  rule  is  prominent  and  hard,  as  though  ossified.  "When  the 
chest  is  examined,  other  important  changes  are  observed.  The  sternum 
has  lost  its  flatness  or  relative  concavity;  it  is  thrust  forward  and  is 
rigid  both  in  the  longitudinal  and  in  the  transverse  direction.  The 
intercostal  spaces  are  wide,  but  not  distended  as  in  emphysema;  the 
upper  half  of  the  chest  appears  smooth  and  convex  from  the  hyper- 
trophied condition  of  the  pectoral  muscle  produced  by  the  constant  inter- 
ference ^xith.  respiration.     When  the  thorax  is  examined  from  the  side, 
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however,  the  intercostal  spaces  appear  exaggerated,  and  there  is  no  sign 
of  bulging.  When  the  diseases  with  dilatation  of  the  alveoli  are  compared 
with  emphysema,  the  upper  portions  of  the  thorax  are  found  to  present 
an  appearance  of  smoothness  and  dilatation  in  the  former,  while  a  similar 
appearance  is  observed  in  the  lower  portions  in  the  latter  disease.  This 
peculiarity  is  commented  upon  and  critically  discussed  by  Walshe. 

The  lateral  portions  of  the  chest  are  deeper  than  normal  and  the 
convexity  by  no  means  corresponds  to  the  convexity  seen  in  the  anterior 
and  posterior  portions  of  the  thorax. 

8.  On  palpation  the  entire  thorax,  the  bones,  the  cartilages,  and 
the  muscles,  are  found  to  be  extremely  hard,  the  result  of  the  ab- 
normal tension  to  which  they  are  permanently  subjected,  as  well  as 
of  the  calcification  of  the  cartilages.  The  apex-beat  cannot  be  felt, 
but  a  distinct  thrill  is  obtained  at  the  lower  extremity  of  the  sternum, 
at  the  xiphoid  process,  and  in  the  epigastrium.  The  thrill. is  to  be 
attributed  to  the  hypertrophy  and  downward  displacement  of  the 
heart  and  to  the  congestive  enlargement  of  the  liver  (compare  pp.  332 
and  336). 

9.  On  percussion  the  boundaries  of  the  lungs  are  found  to  exceed 
the  normal,  particularly  along  the  lower  border.  Occasionally  the 
upper  portion  of  the  lung  also  becomes  enlarged,  as  has  been  men- 
tioned above ;  but  as  a  rule  the  limit  of  resonance  is  not  affected,  at 
least  in  quiet  respiration,  although  during  violent  cough  a  tumor 
appears  above  each  clavicle.  In  percussion  downward  some  diffi- 
culty is  experienced  in  finding  the  cardiac  dulness ;  in  many  cases 
only  a  small  indistinct  area  of  dulness  is  found  below  the  fifth  rib, 
between  the  sternum  and  the  left  mammillary  line.  When  the  margins 
of  the  lungs  are  distended,  even  if  the  heart  is  greatly  enlarged,  there 
may  be  no  distinct  increase  in  the  absolute  cardiac  dulness.  In  the 
severer  grades  of  emphysema  the  heart  is  found  completely  covered 
by  the  lung  when  the  thorax  is  opened,  and  it  is  evident  that  for  this 
condition  to  be  produced  the  connective  tissue  between  the  heart  and 
the  sternum  must  be  pushed  aside  by  the  pressure  of  the  distending 
layers  of  the  pleura. 

The  dome  of  the  diaphragm  is  lower  than  normal;  the  absolute 
liver  dulness  begins  at  the  seventh  rib  in  the  axillary  line ;  the  splenic 
dulness  is  small  and  indistinct,  and  begins  at  the  tenth  rib.  Behind, 
the  downward  displacement  of  the  diaphragm  is  less  marked.  Quite 
often  there  is  some  collection  of  fluid  posteriorly,  so  that  on  percussion, 
with  the  patient  in  the  erect  position,  the  diaphragm  appears  to  occupy 
its  normal  position  at  the  tenth  rib.  If,  however,  the  patient  is  asked 
to  bend  over  forward,  the  dulness  is  found  to  begin  at  the  twelfth  rib. 
Even  when  the  patient  presents  no  other  signs  of  edema,  the  possi- 
bility of  the  presence  of  this  small  amount  of  exudate  is  always  to  be 
borne  in  mind. 

As  a  result  of  the  low  position  of  the  diaphragm  and  the  accom- 
panying dilatation  of  the  lower  aperture  of  the  thorax,  the  comple- 
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mentary  spaces  are  opened;  tliey  (liiiiinish  in  height  and  become 
more  and  more  completely  filled  with  pulmonary  tissue.  The  inter- 
ference with  the  mobility  of  the  lower  border  of  the  lung  which  is  thus 
produced  can  be  demonstrated  by  percussion  during  deep  inspiration 
and  expiration;  in  front,  over  the  liver  and  stomach,  and  somewhat 
less  readily  over  the  heart ;  behind,  near  the  bases. 

The  lower  limit  of  the  pleural  sacs  at  the  vertebral  column  is 
generally  said  to  be  the  twelfth  rib.  At  this  point  the  boundary-line 
is  almost  horizontal;  it  even  gradually  rises  and  courses  about  the 
lateral  portion  of  the  thorax,  so  that  on  the  anterior  side  of  the  thorax 
it  intersects  the  junction  of  the  cartilage  with  the  bone  of  the  seventh 
rib,  and  at  the  right  sternal  border  corresponds  to  the  upper  border 
of  the  seventh  rib,  or  to  the  sixth  interspace.  On  the  left  side  the  line 
sometimes  appears  to  be  somewhat  lower,  and  of  course  ends  at  the 
pericardium.*  In  severe  grades  of  emphysema  the  lungs  may  extend 
as  far  down  as  the  lower  border  of  the  pleura  just  described. 

Liebermeister  asserts  that  the  pulmonary  tissue  of  emphysematous 
patients  presents  a  certain  dry  rigidit}'  which  is  possibly  in  part  re- 
sponsible for  the  diminution  in  volume  and  duration  of  the  percussion 
note. 

Biermer's  description  of  the  changes  in  the  percussion  note  is, 
however,  more  generally  accepted.  The  note  sometimes  becomes 
hyperresonant,  and  even  suggests  a  tympanitic  quality,  a  sound  that 
Biermer  has  compared  to  the  resonance  of  a  paper  box,  and  which 
is  therefore  known  as  "box-tone"  (Schachtelton).  This  term  is  too 
often  incorrectly  used;  many  observers  invariably  hear  a  box-tone 
when  they  have  an  emphysematous  patient  before  them.  As  a 
matter  of  fact,  a  clear,  well-marked  box-tone  is  a  rare  phenomenon. 
Thompson  f  is  quite  right  when  he  says  that  it  can  only  be  elicited  by 
light  percussion  mth  the  finger  as  a  plexor,  the  finger  used  as  a  plex- 
imeter  being  placed  in  the  intercostal  space.  Rosenbach,|  who  de- 
votes much  of  his  attention  to  box-tone,  describes  it  as  a  very  loud 
(and  I  should  like  to  add  relatively  high),  but  not  tympanitic  sound — 
a  true  parietal  resonance,  with  the  production  of  which  the  air  con- 
tained within  the  hollow  space  has  nothing  to  do.  The  true  tym- 
panitic note  occasionally  heard  in  compensatory  emphysema  is  not 
to  be  confounded  with  box  resonance. 

10.  Mensuration  of  the  thorax  is  usually  neglected;  neverthe- 
less the  method  numbers  a  good  many  followers,  and  it  is  well 
known  that  in  the  examination  of  recruits,  and  in  life-insurance 
examinations,  it  is  regularly  used.  Frohlich§  prescribes  for  the 
examination  of  recruits,  the  measurement  of  the  chest  circumfer- 
ence in  the  line  passing  through  the  two  nipples  in  front,  and  im- 

*  Pansch,  I.  c,  has  collected  a  number  of  cases  presenting  deviations  from  the 
normal  in  this  respect. 

t  Brit.  Med.  Jour.,  1880.  J  Deutsches  Arch,  fiir  klin.  Med.,  vol.  xviii. 

§  "  Die  Brustmessmig  im  Dienste  der  Medicin,"  Leipzig,  1894. 
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mediately  below  the  angles  of  the  scapula  behind.  The  arms  are 
held  at  right  angles  to  the  sides  of  the  body.  With  the  man  in  this 
position  the  circumference  is  to  be  measured  twice,  once  after  inspi- 
ration, and  once  after  expiration.  The  average  chest  measure  of 
healthy  young  men,  twenty  years  of  age,  was  thus  found  to  be  between 
89  and  82  cm.,  so  that  the  average  expansion  of  the  chest  is  7  cm.  The 
current  assumption  that  a  man,  to  be  fit  for  military  service,  must  have 
a  chest  measurement  greater  than  half  the  length  of  the  body  (in 
addition  to  other  qualifications)  is  criticized  by  Frohlich.  He  finds 
that  in  men  measuring  165  cm.  and  o^Tr,  the  chest,  measured  after 
complete  expiration,  does  not  attain  half  the  length  of  the  body.  He 
gives  an  interesting  table  (pages  24,  25,  I.  c.)  sho\ving  the  relation 
between  the  length  of  the  body  and  the  smallest  chest  measure. 
These  results,  obtained  from  healthy  young  individuals,  afford  a 
basis  for  judging  the  corresponding  measurements  in  emphysematous 
subjects.  As  3^et  there  is  no  satisfactory  literature  on  the  subject 
of  mensuration  in  emphysema  from  which  general  conclusions  might 
be  drawn ;  all  that  is  known  is  that  the  chest  expansion  in  these  sub- 
jects is  usually  much  less  than  7  cm. 

Frohlich 's  method  of  mensuration  is  for  obvious  reasons  useless 
in  the  female  sex.  Other  methods  have,  it  is  true,  been  devdsed  which 
are  better  adapted  for  women,  but  they  have  not  made  their  way  into 
general  practice.  A  full  description  of  the  various  mensurations 
practised  on  the  thorax  wdll  be  found  in  Wintrich's  "Handbuch." 
The  more  recent  studies  are  found  in  Riegel's  work,  "Die  Athembe- 
wegungen."  As  nothing  of  importance  either  from  a  practical  or 
a  theoretic  standpoint  has  resulted  from  these  investigations,  I  shall 
not  dwell  on  them. 

11.  Auscultation. — ^The  breath  sounds  are  very  weak;  in  many 
cases  vesicular  breathing  is  altogether  absent  and  in  its  stead 
there  is  heard  a  distant,  ill-defined  puff.  Expiration  is  as  feeble  as 
inspiration,  although  it  is  somewhat  prolonged.  In  many  cases 
bronchiectasis  is  present,  and  the  sounds  heard  in  the  chest  are  those 
that  belong  to  that  disease.  In  extreme  cases  the  respiratory  mur- 
mur has  been  so  weak  that  nothing  at  all  could  be  heard  and  pneu- 
mothorax was  thought  of.  It  is  for  this  reason  that  the  differential 
diagnosis  between  emphysema  and  pneumothorax  is  always  mentioned 
in  text-books.  Tactile  fremitus  is  quite  marked,  its  production  being 
evidently  facilitated  by  the  rigidity  of  the  thorax. 

The  rales,  of  course,  depend  altogether  on  the  extent  and  on  the 
stage  of  the  catarrh.  The  presence  of  numerous  small,  sibilant,  and 
sonorous  rales,  heard  both  on  inspiration  and  expiration,  may  be  re- 
garded as  characteristic  of  emphysema,  although  similar  sounds 
are  heard  in  any  diffuse  bronchitis,  and  particularly  in  asthma.  The 
rales  are  more  apt  to  be  dry  than  moist.  Skoda  asserts  that  in  cases 
of  emphysema  associated  with  the  production  of  large  bullse,  a  dry 
coarse  rale,  similar  to  the  clacking  sound  made  with  the  tongue,  is 
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heard  at  the  cntl  of  inspiration,  either  preceded  b}'  ordinarj''  rales  or 
unaccompanied  by  any  other  adventitious  sounds. 

12.  Although  the  third  fundamental  symptom  of  emphysema — 
catarrh — has  always  engaged  the  attention  of  cliniciaas,  it  has  never 
been  exhaustively  studied.  The  varieties  and  changes  in  the  con- 
dition are  too  great.  There  must  be  two  kinds  of  catarrh.  The 
first  is  the  causal  catarrh.  This,  in  my  opinion,  may  be  a  simple 
bronchitis,  or  it  may  be  an  asthmatic  form  of  catarrh,  or  a  form  that 
de\'elops  in  various  kinds  of  stenoses  in  the  large  air-passages,  the 
larynx,  the  nose,  and  the  trachea.  These  forms  alone,  and  the 
variations  which  the}'  present  in  the  course  of  years,  would  make  up 
a  sufficiently  kaleidoscopic  clinical  picture.  To  these  in  the  course 
of  time  congestive  catarrh  is  regularly  superadded  by  the  slowing  of 
the  blood-current  incident  to  the  increasing  cardiac  weakness  and 
insufficient   aspirating  power   of  the   lungs. 

According  to  Eppinger,  congestive  bronchial  catarrh  affects  the 
bronchi  of  the  first,  second,  and  third  orders,  and  is  accompanied  by 
very  little  swelling  of  the  mucous  membrane,  which,  however,  is 
deeply  injected  and  produces  a  water}^  secretion.  The  causative 
catarrh,  on  the  other  hand,  affects  the  small  bronchi  and  is  accom- 
panied by  the  production  of  a  glairy,  extremely  tenacious  secretion. 
In  a  number  of  cases,  however,  developing  gradually  in  patients 
suffering  from  heart  disease,  the  congestive  catarrh  itself  becomes 
the  cause  of  emphj'sema. 

Hence  there  are  undoubtedly  cases  in  which  the  distinction  is  not 
clear,  or  does  not  exist  at  all.  OrcUnarily  the  catarrh  accompanying 
emphysema  is  associated  -^-ith  mucoid,  more  or  less  tenacious  sputimi 
which  always  contains  an  abmidance  of  fluid  and  a  small  number  of 
morphologic  elements,  especially  pus  cells.  If  large  masses  of  pus 
cells  are  found,  the  concUtion  is  not  a  simple  emphvsema  catarrh, 
but  must  be  regarded  as  a  complication.  The  catarrh  of  emphysema, 
as  has  been  said,  is  mucous;  the  sputum  may  be,  in  fact,  defined  as 
frothy  from  the  presence  of  masses  of  small  and  extremely  small  air- 
bubbles.  This  frothy  sputum  is  not  peculiar  to  asthma,  but  occm's 
in  any  simple  catarrh  accompan^-ing  an  advanced  stage  of  emph}'- 
sema,  for  it  is  very  often  found  to  be  quite  free  from  eosinopliile  cells. 
The  peculiar  nature  of  the  sputum  is  e^ddenth^  due  to  the  fact  that  the 
mixture  of  mucus  and  air  begins  in  the  smallest  bronchi. 

Laennec  attributed  especial  importance  to  the  so-called  dr}-  catarrh 
(catarrhe  sec);  that  is,  a  catarrh  associated  \\ith  very  scanty  and 
exceedingh'  tenacious  sputum  which  is  laboriously  detached  from  the 
walls  of  the  bronchi  after  severe  cougliing.  There  is  no  sharp  dis- 
tinction between  mucous,  frothy  catarrh  and  dry  catarrh;  but  when 
the  latter  is  extensive,  it  becomes  exceecUngly  cUstressing  to  the 
patient  on  account  of  the  severe  paroxysms  of  cough  which  are 
CA-idently  calculated  to  bring  about  a  rapid  aggravation  of  the  em- 
physematous condition  in  the  lungs  (see  also  p.  281).     On  staining 
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the  sputum  with  eosin  it  is  found,  in  a  certain  number  of  cases,  that 
the  catarrh  is  distinctly  eosinophil.  As  a  rule,  this  is  the  case  in 
asthmatic  patients,  who,  as  we  know,  furnish  such  a  large  contingent 
in  emphysema.  But  even  among  these  patients  with  eosinophile 
catarrh  a  certain  number  are  found  who  have  never  had  true  asthmatic 
attacks  and  do  not  present  any  other  signs  of  asthma.  It  may  be 
assumed  that  the  asthma  in  these  patients  represents  a  rudimentary 
form;  but,  to  avoid  dealing  too  extensively  in  mere  hypotheses,  one 
will  be  forced  to  assume  the  presence  of  a  peculiar  eosinophile  catarrh, 
the  causes  of  which,  like  the  significance  of  eosinophilia  in  general, 
must  be  still  considered  doubtful. 

In  all  other  emphysematous  patients  the  cells  in  the  sputum 
simply  take  on  a  uniformly  weak  stain  with  eosin,  and  the  method 
yields  no  special  results.  If  a  number  of  specimens  of  sputum  are 
stained  with  eosin,  two  other  distinct  forms  of  cells  will  be  found; 
one  of  these  varieties  takes  on  a  very  complex  stain,  the  cells  con- 
taining deeply  stained,  irregular,  fragmentary  nuclei  surrounded 
by  a  broad  areola — the  whole  embedded  in  a  pale  red  ground- 
substance.  These '  cells  evidently  represent  polynuclear  leucocytes 
that  have  entered  the  air-passages  from  the  vessels  and  have  under- 
gone changes  in  the  secretion  of  the  mucous  membrane.  The  cells  of 
the  other  variety  are  characterized  by  the  presence  of  vacuoles  which, 
under  certain  circumstances,  may  become  so  large  as  to  occupy  the 
entire  cell,  leaving  only  small  remains  of  the  cell  contents  in  the  form 
of  deeply  stained  lines  and  dots  in  the  center  of  a  bright  area  sur- 
rounded by  a  well-defined  membrane.  I  formerly  described  these 
cells  as  ''tubes  "  (Schlauche,  tube  casts)  taking  them  to  be  deriva- 
tives of  epithelial  cells.  But  it  appears  that  morphologic  elements 
similar  in  every  respect  to  these  tubes  may  be  produced  by  a 
profound  alteration  of  the  pus-corpuscles.  If  these  two  varieties  of 
cells  are  found  in  the  sputum,  it  may  be  concluded  with  certainty 
that  the  existing  catarrh  has  nothing  to  do  with  emphysema,  and 
has  already  become  aggravated  by  some  complication,  or  exists  quite 
independently  of  the  emphysema. 

In  a  certain  proportion  of  cases  I  have  observed  amylaceous 
bodies  in  the  sputum  of  emphysematous  subjects;  in  others  I  have 
found  crystalline  structures  which,  on  the  addition  of  acid,  dissolved 
with  the  liberation  of  small  bubbles  of  gas,  showing  that  they  probably 
consisted  of  calcium  carbonate.  These  crystals  are  not  constant  and 
are  also  found  in  many  other  forms  of  catarrh  of  the  respiratory 
passages. 

The  cough  of  emphysema  also  deserves  a  few  lines,  as  it  plaj^s  a 
considerable  part  in  the  development  of  the  disease.  It  is  often 
extremely  distressing,  laborious,  and  dry,  and  always  affects  the 
general  condition  of  the  patient  unfavorably.  The  dry  catarrh  which 
Laennec  considered  especially  dangerous  is  chiefly  characterized  by 
the  presence  of  this  cough.  As  long  as  a  fairly  copious  amount  of 
mucus  is  brought  up  without  great  exertion,  the  patients  are  com- 


SYMPTOMATOLOGY.  331 

paratively  comfortal)l('.  The  cough  is  therefore  more  or  less  in- 
timately connected  with  the  nature  of  the  catarrh,  but  there  are 
also  cases  in  which  cough  occurs  as  an  independent  trouble,  and 
in  which  catarrh  is  i)ractically  absent,  although  the  cough  almost 
(lri^'es  the  patient  to  distraction.  Certain  neurotic  factors  are  prob- 
ably in  part  responsible  for  such  a  condition,  but  as  yet  nothing 
definite  is  known  about  their  influence. 

In  a  certain  proportion  of  the  cases  blood  is  found  in  the  sputum. 
They  are  usually  cases  associated  with  congestion,  in  which  the 
right  heart  has  suffered  severely.  Numerous  heart-lesion  cells  are 
then  found  in  emphysematous  sputum.  Occasionally  a  small  streak 
of  blood  is  observed  in  the  mucous  expectoration  following  a  violent 
parox}'sm  of  cough,  or  a  few  unchanged  red  blood-corpuscles  may  be 
demonstrated  microscopically  in  the  sputum.  Is  there  such  a  thing 
as  true  hemoptysis  irrespective  of  a  congestive  base?  Is  it  possible 
for  bright  frothy  blood,  practically  unmixed  with  sputum,  to  be 
expelled  in  large  masses?  Most  authors  are  agreed  that  hemoptysis 
occurs  as  a  rare  symptom  in  emphysema.  If  cases  with  distinct 
congestive  phenomena  are  excluded,*  those  that  remain  appear  to  me 
very  doubtful,  and  I  cannot  help  suspecting  the  presence  of  phthisis. 
At  any  rate,  the  trustworthy  observations  are  so  few  that  I  am  in- 
clined to  doubt  the  occurrence  of  hemopt3'sis  (see  Complications). 

There  is  one  form  of  pulmonary  hemorrhage  which  might  be 
regarded  by  many  as  true  emphysematous  hemoptysis,  and  nmst 
therefore  be  mentioned.  I  refer  to  the  hemoptysis  described  by 
Andrew  Clark,  f  It  occurred  in  elderly,  well-nourished  individuals 
with  well-marked  arteriosclerosis  and  emphysema.  From  the  history, 
the  presence  of  an  acute  pr  rheumatic  diathesis  with  a  tendency  to 
cutaneous  eruption  and  bronchial  catarrh  was  obtained.  The  hemor- 
rhage in  several  cases  was  severe  enough  to  threaten  life,  or  even  fatal, 
and  the  use  of  calomel  and  saline  laxatives  was  followed  by  most 
satisfactory  therapeutic  results.  In  the  fatal  cases  Clark  could  find 
no  explanation  for  the  hemorrhage  macroscopically,  as  the  only 
prominent  symptom  was  emphysema.  Microscopically,  however,  he 
found  numerous  small  pulmonary  vessels  in  a  state  of  degeneration, 
and  these  had  produced  the  lacerations  and  multiple  hemorrhages. 
He  calls  tliis  hemoptysis  arthritic,  and,  disregarding  the  importance 
of  the  emphysema,  believes  that  the  arterial  degeneration  and  its 
consequences  were  due  to  the  peculiar  constitution  and  improper 
mode  of  life  of  the  patients.  It  is  quite  evident  that  on  this  theory 
the  hemorrhages  were  not  cases  of  emphj^sematous  hemoptysis  at  all. 
I  have  not  been  able  to  find  any  more  recent  investigations  on  similar 
occurrences  in  the  literature.  Huchard  J  some  years  ago  reported 
cases  of  periodic  pulmonary  hemorrhages  depending  on  arthritic  dis- 

*Hauff's  case,  Wilrtt.  Corr.-Bl,  1869,  "Schmidt's  Jahrbucher,"  163,  p.  289, 
presented  distinct  signs  of  congestion. 

t  Lancet,  1889,  ii,  p.  840.     Also  Hertz's  case,  I.  c,  p.  386. 
I  Union  med.,  1883;  Ref.  Klin.  Centralblatt,  p.  743. 
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ease.  As  similar  conditions  are  mentioned  in  alcoholism,  this  source 
of  error  must  also  be  borne  in  mind.  I  have  so  far  been  unable  to 
find  any  well-observed  case  in  the  literature. 

I  have  myself  seen  several  cases  of  hemoptysis  in  which  it  was 
impossible  to  determine  the  cause  and  in  which  I  could  exclude  with 
absolute  certainty  phthisis,  bronchiectasis,  and  any  other  process 
capable  of  producing  severe  alterations  in  the  pulmonary  tissue.  The 
possibility  of  cardiac  lesion  could  also  be  excluded.  In  two  of  the 
cases  the  patient's  general  habit  was  such  as  to  suggest  emphysema, 
but  in  both  cases  the  hemorrhage  was  unattended  by  any  untoward 
results  and  remained  unexplained.  It  is  probable  that  every  busy 
practitioner  comes  across  at  least  one  inexplicable  case  of  hemopty- 
sis, and  it  is  possible  that  such  cases  are  occasionally  attributed  to 
emphysema;  but  that,  of  course,  is  merely  an  unfounded  assump- 
tion. 

13.  The  Heart. — ^The  sounds  of  the  heart  as  well  as  of  the  large 
vessels  are  weak,  because  they  are  muffled,  as  it  were,  by  the  dis- 
tention of  the  edges  of  the  lungs.  The  heart  sounds  are  sometimes 
better  heard  over  the  left  lobe  of  the  liver  than  at  the  point  where 
the  apex  must  be  assumed  to  be.  The  sounds,  as  a  rule,  are  pure; 
but  a  more  or  less  distinct,  systolic,  blowing  murmur  is  not  infre- 
quently heard  at  the  apex,  although  at  the  autopsy  the  valves  are 
found  to  be  perfectly  sound.  Gerhardt  is  of  the  opinion  that  this  is 
due  to  the  obliteration  of  numerous  pulmonary  capillaries;  in  other 
words,  that  it  is  an  anemic  murmur.  Biermer  believes  that  the 
phenomenon  is  to  be  attributed  chiefly  to  the  relative  insufficiency 
of  the  tricuspid  valve.  As  the  right  ventricle  regularly  hypertrophies 
and  in  time  becomes  dilated  and  undergoes  fatty  degeneration,  the 
development  of  relative  tricuspid  insufficiency  is  quite  probable,  and 
if  the  sound  is  heard  best  at  the  lower  end  of  the  sternum,  it  is  another 
sign  in  favor  of  that  supposition.  But  how  does  the  case  stand  when 
it  is  heard  much  better  in  the  region  of  the  apex? — for  that  is  not  an 
uncommon  occurrence.  It  may  be  anemic,  but  I  am  of  the  opinion 
that  it  is  usually  connected  with  changes  in  the  cardiac  muscle.  It 
is  quite  certain  at  least  that  mitral  insufficiency  may  be  very  difficult 
to  diagnose  in  pulmonary  emphysema.  It  is  even  asserted  that 
accidental  diastolic  sounds  have  been  heard  over  the  apex  in  em- 
physematous patients.  Ganghofner,*  in  his  work  on  "Dilatation  of 
the  Heart,"  page  35,  cites  a  case  of  severe  emphysema  in  which  a  loud 
systolic  murmur  was  heard  in  the  tricuspid  area,  and  both  a  systolic 
and  a  diastolic  murmur  over  the  mitral  valve.  At  the  autopsy  the 
left  pulmonary  orifice  admitted  three,  and  the  right  four,  fingers; 
all  the  valves  were  normal,  the  waUs  of  the  heart  were  thickened, 
and  the  muscle  was  yellowish  and  brittle.  Finahy,  it  is  to  be  men- 
tioned that  a  double  diastolic  sound  may  be  heard  at  the  apex,  the 

*  Prager  Vierteljahrsschr.,  vol.  cxxx. 
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second  of  the  two  occurring  immediately  before  the  systoHc  sound 
(presystolic  sound).* 

It  is  assumed  as  a  matter  of  course,  from  the  low  position  of  the 
diaphragm,  that  the  heart  also  occupies  a  lower  position;  but  this 
statement  is  not  to  be  accepted  offhand.  Bamberger  t  many  years 
ago  gave  a  better  explanation  of  the  true  condition  of  affairs.  He 
said:  "As  the  arch  of  the  diaphragm  diminishes  and  takes  up  a  lower 
position,  the  base  of  the  heart,  which  it  supports,  nmst  be  correspond- 
ingly depressed  and  nmst  approach  the  epigastrium,  from  which, 
under  normal  conditions,  the  right  border  of  the  heart  is  separated  by 
the  distance  equivalent  to,  or  slightly  exceeding,  the  entire  length  of 
the  xiphoid  cartilage.  But  the  same  is  not  true  of  the  apex,  for  the 
latter  does  not  rest  upon  the  dome  of  the  diaphragm,  but  upon  the 
ascending  crura.  Hence,  although  the  base  of  the  heart  is  lowered, 
the  position  of  the  apex  remains  the  same,  unless  the  flattening  of  the 
dome  of  the  diaphragm  is  so  great  that  the  vertical  direction  of  the 
ascending  crura  is  altered,  in  which  case  the  apex  becomes  slightly 
depressed." 

On  the  authority  of  Kiwisch,J  it  is  always  stated  that  the  apex- 
beat  during  deep  inspiration  descends  into  the  next  intercostal  space, 
and  performs  a  corresponding  upward  movement  during  deep  ex- 
piration, but  I  believe  this  statement  is  erroneous.  It  is  distinctly 
contradicted  by  the  Rontgen-ray  picture,  and  it  seems  to  me  a  hazard- 
ous undertaking  to  draw  conclusions  from  the  result  of  palpating  a 
thorax  engaged  in  active  respiratory  movements.  There  is  too  nmch 
danger  of  fallacy  from  suggestion.  The  appearance  in  the  Rontgen- 
ray  picture  convinces  me  that  a  normal  heart  is  relatively  independent 
of  the  centrum  tendineum,  for  during  deep  inspiration  a  clear  in- 
terval could  even  be  seen  below  the  heart.  The  heart  is  not  in  close 
contact  with  the  centrum  tendineum,  although  it  may  under  ordinary 
circumstances  derive  some  support  from  that  structure.  During 
normal,  quiet  respiration  the  centrum  tendineum  does  not  move  at 
all.  The  depression  which  it  suffers  through  the  diaphragm  is  com- 
pensated by  the  corresponding  elevation  of  the  thorax,  in  which  the 
centrum  tendineum  participates.  In  forced  inspiration  the  shadow 
of  the  diaphragm  becomes  distinctly  separated  from  that  of  the 
heart. 

But  this  separation  is  never  seen  in  emphysematous  subjects,  in 
whom  the  heart  shadow  and  the  diaphragmatic  shadow,  or,  better, 
the  liver  shadow,  are  intimately  united;  and  since  in  these  patients 
the  diaphragm,  with  the  centrum  tendineum,  occupies  a  somewhat 
lower  position  with  reference  to  the  ribs,  the  heart  must  also  be  dis- 
placed downward.  Bamberger  accordingly  found  that  a  needle  in- 
serted into  the  epigastrium  penetrated  the  right  ventricle  near  the 
auricle,  but  the  value  of  this  experiment  must  not  be  overestimated. 

*  Traube,  "Gesammelte  Abhandlungen,"  iii,  p.  12. 
t  Wiirzhurger  med.  Zeitschr.,  i,  1860,  p.  221. 
X  Prager  Vierteljahrsschr.,  vol.  ix,  p.  153. 
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Although  I  agree  in  the  main  with  Gerhardt,  I  differ  with  him  in 
certain  points.  He  says:  ''In  an  emphysematous  subject  the  heart 
is  displaced  downward,  and  although  the  apex-beat  is  seen  approx- 
imately at  the  same  place,  a  portion  of  the  heart — namely,  the  border 
of  the  right  ventricle — ^becomes  sufficiently  depressed  and  occupies 
such  a  position  as  to  produce  a  pulsation  that  is  both  visible  and 
palpable  below  the  xiphoid  cartilage."  Since  this  statement  was 
made,  the  pulsation  in  the  epigastrium  has  always  been  attributed  to 
the  right  ventricle.  But  this  is  far  from  being  true  in  every  instance. 
If  the  experiment  of  inserting  a  needle  in  the  epigastrium,  after 
Bamberger,  is  performed  repeatedly,  a  number  of  cases  will  be  found 
in  which,  although  during  life  there  was  a  distinctly  marked  epigastric 
pulsation,  the  needle  does  not  enter  the  heart  at  all,  but  pierces  the 
liver.  Many  of  these  epigastric  pulsations  are  therefore  simply  clue 
to  the  vibrations  of  the  liver  transmitted  from  the  heart.  In  other 
cases  the  pulsation  is  to  be  attributed  to  the  abdominal  aorta,  for 
there  is  a  distinct  interval  between  it  and  the  apex-beat.  Quite 
frequently  the  pulsation  is  distinctly  diastolic,  and  then  it  is  evident 
that  the  pulsation  begins  in  distention  of  the  right  ventricle  and  is 
transmitted  either  through  the  abdominal  walls  or  to  the  liver.  The 
possibilit}^  is  also  to  be  borne  in  mind  that  the  heart  contracts  during 
systole,  so  that  a  depression  is  produced  where  before  there  was  a 
distinct  bulging.  Hence  the  systolic  retraction  of  the  intercostal 
spaces  often  misleads  the  observer  and  suggests  the  thought  of  peri- 
cardial adhesion,  when,  as  a  matter  of  fact,  there  is  no  sign  of  any 
such  condition.  But  it  is  e\ddently  quite  possible  for  this  systolic 
depression  to  occur  in  the  epigastrium  if  the  heart  is  displaced  some- 
what downward,  and  the  logical  consequence  of  such  a  depression  is 
a  diastolic  elevation.  To  assert  in  a  given  case  that  the  heart  has 
become  displaced  into  the  epigastrium  is,  in  my  opinion,  possible  only 
when  the  abdominal  walls  are  so  flaccid  and  attenuated,  as  sometimes 
happens,  that  the  heart  is  plainly  felt  in  contact  with  the  liver,  a 
groove  being  clearty  made  out  in  which  the  finger  can  be  inserted 
between  the  heart  and  the  liver.  If  the  heart  is  displaced  as  far  as 
the  epigastrium,  the  disease  must  be  unusually  severe,  whereas  epi- 
gastric pulsation  is  quite  a  common  symptom.  It  is  also  to  be  borne 
in  mind  that  the  insertions  of  the  diaphragm  at  the  xiphoid  cartilage 
and  at  the  seventh  costal  cartilage  necessarily  interfere  with  down- 
ward displacement  of  the  heart,  even  if  the  heart  were  simply  sup- 
ported on  the  diaphragm  and  had  to  follow  its  movements  slavishly, 
according  to  a  view  that  is  sometimes  expressed.  On  the  contrar}^, 
the  heart  finds  sufficient  support  in  its  blood-vessels  and  in  the  peri- 
cardium, which  has  numerous  attachments  on  the  sternum  and  on 
the  posterior  mediastinum ;  and  even  though  it  is  adherent  to  the  dia- 
phragm, it  is  not  forced  to  follow  its  movements  as  a  whole.  That 
the  centrum  tenclineum  under  all  circumstances  is  less  movable  than 
the  lateral  portions  of  the  diaphragm  is  shown  by  the  well-authenti- 
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catedfact*  that  the  (lisjjlaccnicnt  of  the  liver  in  deep  inspiration  and 
expiration  appears  slighter  as  it  approaches  the  median  line,  a^d 
greater  as  it  moves  nearer  the  axillary  line.  The  apex-beat  is  often 
invisible,  because  the  region  of  the  apex  is  covered  by  lung. 

Although  the  enlargement  regularly  affects  the  right  heart,  cases 
in  which  enlargement  of  the  left  heart  is  mentioned  are  found  in  the 
literature.!  These  cases  are  in  need  of  further  explanation.  Traube, 
who  also  observed  dilatation  and  hypertrophy  of  the  left  heart  in 
association  with  similar  conditions  in  the  right  ventricle,  attributes 
the  condition  to  repeated  and  persistent  contractions  produced  in 
numerous  smaller  branches  of  the  aortic  system  by  the  accumulation 
of  COg.  He  calls  attention  to  the  fact  that  in  a  great  variet}^  of 
diseases  of  the  respiratory  apparatus  the  appearance  of  severe  dyspnea 
and  cyanosis  is  accompanied  by  a  material  increase  in  the  tension  of 
the  radial  arteries.  J 

14.  The  circulation  is  subject  to  a  number  of  injurious  influences 
in  emphysema.  The  most  important  of  these  are  the  feebleness  of 
the  respiration,  the  diminution  in  the  movements  of  the  thorax  (the 
pressure  of  the  incarcerated  air  during  the  frequent  paroxysms  of 
cough),  and  the  diminished  elasticity  of  the  pulmonary  tissue.  In 
comparison  with  theser  conditions  the  destruction  of  numerous  capil- 
laries is  probably  of  very  small  significance  (compare  p.  261).  The 
immediate  consequences  of  these  injuries  consist  in  a  greater  amount 
of  work  being  thrown  on  the  right  ventricle,  which  accordingly  be- 
comes regularly  hypertrophied  in  this  disease.  As  long  as  the  hyper- 
trophy suffices  to  fulfil  the  demands  of  the  organism  we  may  speak 
of  compensation  in  emphysema,  and  this  compensation  or  compen- 
sated emphysema  may  last  indefinitely,  without  undergoing  a  change 
for  the  worse,  if  the  general  conditions  of  life  are  favorable.  As  a  rule, 
however,  compensation  in  time  becomes  inadequate;  more  and  more 
blood  stagnates  in  the  right  heart  and  in  the  auricle ;  the  cavities  fail 
to  empty  themselves  completely,  and  become  dilated.  From  this 
condition  to  degeneration  of  the  thickened  muscle  is  but  a  step, 
particularly  as  alterations  in  the  coronary  vessels  and  in  the  heart 
always  appear  to  be  present,  and  to  these  I  should  like  to  direct  the 
attention  of  the  pathologists. 

This  hypertrophy  and  dilatation  of  the  heart  can  never  be  deter- 
mined by  ordinary  methods  of  examination,  because  percussion  is 
attended  with  so  many  difficulties.  But  before  long  the  stasis  spreads 
to  the  large  vessels  of  the  neck  and  to  the  liver,  and  thus  becomes 
unmistakable.  The  congestive  phenomena  may  be  quite  as  marked 
as  in  pronounced  cases  of  mitral  disease.  The  excessive  distention 
of  the  large  veins  in  the  neck,  in  conjunction  wiXh.  the  cA'anosis, 
produces  an  exactly  similar  impression.     In  fact,  pulsation  is  observed 

*  Gerhardt,  "  Diaphragma,"  p.  41. 

t  Duhamel, 'Ga2e</e  hebdomadaire,  1865,  No.  38,  p.  600. 

J  "  Gesammelte  Abhandlungen,"  iii,  p.  4,  124, 
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in  the  veins  of  the  neck  in  the  higher  grades  of  emphysema  just  as  in 
mitral  disease,  either  because  of  true  insufficiency  of  the  tricuspid 
valve  following  degeneration  of  the  hypertrophied  ventricle,  or  be- 
cause, even  without  tricuspid  insufficiency,  the  pulmonary  valve  alone 
has  become  insufficient  on  account  of  the  excessive  congestion,  so 
that  the  contraction  of  the  right  auricle  drives  the  blood  back  into  the 
jugular  veins. 

As  the  congestive  symptoms  increase  in  severity,  the  pulse  be- 
comes small  and  weak,  and,  as  a  rule,  distinctly  accelerated. 

15.  Liver. — At  first  the  liver  is  unaffected  in  emphysema.  Gradu- 
ally, however,  it  becomes  displaced  downward  along  with  the  descent 
of  the  dome  of  the  diaphragm.  The  lower  border  is  then  distinctly 
felt,  and  the  viscus  appears  to  be  enlarged,  although  it  really  is  not. 
Gradually,  however,  as  the  congestion  and  cardiac  insufficiency  in- 
crease, it  becomes  larger  and  harder  and  approaches  the  condition 
characteristic  of  the  last  stage  of  mitral  disease,  as  the  circulatory 
disturbance  in  the  lesser  circulation  and  the  resulting  congestion  must 
be  exactly  alike  in  the  two  cases. 

The  greater  the  depression  of  the  diaphragm,  the  more  com- 
pletely is  the  liver  freed  from  its  covering  of  lung.  The  relative  liver 
dulness  diminishes  by  a  progressive  descent  of  its  upper  limit,  while 
the  absolute  liver  dulness  increases.  The  movements  of  the  lower 
border  of  the  liver  during  respiration  of  course  progressively  diminish 
with  the  diminution  in  the  movements  of  the  greatly  depressed 
diaphragm. 

The  liver  in  time  becomes  more  and  more  enlarged  and  congested, 
and  can  be  more  and  more  readily  felt.  The  amount  of  movement  in 
the  diaphragm  can  be  determined  by  observing  the  movements  of  the 
lower  border  of  the  liver. 

16.  Spleen. — ^The  spleen  in  emphysematous  patients  presents  no 
special  symptoms.  It  must,  of  course,  be  displaced  downward  along 
with  the  hver  and  the  diaphragm,  but  I  have  never  been  able  to  palpate 
it  in  these  patients,  and  all  that  is  found  on  percussion  is  that  the 
dulness  is  indistinct  and  difficult  to  determine.  Splenic  tumor  forms 
no  part  of  the  symptom-complex  of  emphysema. 

17.  Stomach  and  Intestinal  Canal. — Emphysematous  patients 
usually  have  a  very  good  appetite;  even  when  the  severity  of  the 
cough  is  extreme  and  the  sputum  exceedingly  tenacious,  there  is  no 
tendency  to  vomit. 

They  often  complain  of  a  certain  degree  of  constipation,  which  is 
not  difficult  to  understand  in  view  of  their  limited  abihty  to  indulge 
in  exercise.  After  the  dyspnea  has  attained  a  certain  degree,  the  dis- 
tention of  the  stomach  incident  to  a  copious  meal  is  more  or  less 
troublesome,  and  emphysematous  patients  are  often  incHned  to  attri- 
bute their  disease  to  stomach  trouble.     In  advanced  cases  of  venous 
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stasis  some  authors  inentioii  congestion  antl  thickening  of  the  gastric 
mucous  membrane. 

18.  Urinary  Organs. — The  kidneys  of  emphysematous  patients 
in  severe  degrees  of  the  disease  are  subject  to  the  same  conditions  of 
stasis  as  the  liver.  The  urine  presents  all  the  signs  of  genuine  con- 
gestion. In  addition,  there  are  alterations  dependent  on  insufficient 
oxygenation  of  the  tissues,  the  significance  of  which  awaits  further 
study  with  the  aid  of  theoretic  investigations  (see  Embolism). 

19.  Sexual  Apparatus. — No  special  pathologic  conditions  in  these 
organs  have  been  observed  in  emphysema. 

20.  Larynx  and  Upper  Air-passages. — ^The  connection  between 
diseases  of  the  lung  and  disease  of  the  external  air-passages,  by  which 
is  meant  the  pathway  from  the  entrance  of  the  nose  to  the  vocal 
cords,  has  excited  considerable  interest  in  recent  times.  The  question 
has  already  been  adverted  to  in  the  section  on  Etiology.  We  have 
here  to  deal  with  the  conditioiLs  that  develop  after  the  emphysema, 
and  thus  become  symptoms  of  the  disease.  There  is  no  doubt  that 
emphysematous  patients  present  a  marked  tendency  to  laryngitis 
and  pharyngitis — a  tendency  that,  as  a  rule,  is  due  to  the  congestion, 
which  induces  a  chronic  hyperemia,  and  is  in  turn  aggravated  by  the 
laborious  expectoration  of  the  tenacious  sputa.* 

21.  Nervous  System. — Many  emphysematous  patients  complain 
of  all  kinds  of  ' '  rheumatic ' '  pains ;  or,  at  all  events,  if  asked  whether 
they  suffer  from  rheumatism,  eagerly  answer  in  the  affirmative.  But 
many  of  these  people  are  addicted  to  alcohol  and  present  character- 
istic forms  of  alcoholic  neuralgia.  Since  the  laws  in  regard  to  dis- 
ability were  framed,  and  emphysema  is  regarded  as  a  possible  con- 
sequence of  traumatism — and  I  should  like  to  ask  what  under  the 
canopy  is  not  a  possible  consequence  of  traumatism? — I  have  seen 
a  number  of  emphysematous  patients  who  some  time  or  other  had 
received  a  blow  somewhere  about  the  head  and  had  become  emphy- 
sematous in  consequence.  One  patient  had  such  violent  pains  at  the 
site  of  the  alleged  traumatism  that  he  became  a  confirmed  morphin- 
eater.  He  was  a  heavy  drinker,  but  the  possibility  that  the  blow 
might  have  had  something  to  do  with  the  pain  and  the  emphysema 
could  not  be  absolutely  denied,  and  he  received  a  full  annuity. 
I  have  had  occasion  to  observe  pain  of  this  kind  several  times 
in  emiphysematous  individuals ;  they  were  all  cases  of  alcoholic  neu- 
rosis. But  your  genuine  emphysematous  patient  has  no  pains  that 
can  be  regarded  as  symptoms  or  results  of  his  disease.  When  such  a 
statement  is  made,  the  case  should  be  carefully  examined.  As  a  rule 
the  pain  is  referred  to  the  back  or  to  the  sides,  and  is  evidently  con- 

*  Friedrieh,  "  Rhinology,  Laryngology  and  Otology,"  W.  B.  Saunders  &  Co., 
Philada.,  1900,  p.  31. 
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nected  with  the  cough,  as  it  increases   and  diminishes   along  with 
the  improvement  and  exacerbation  of  that  symptom. 

22.  The  Extremities. — Xo  special  indication  to  devote  attention 
to  the  legs  has  so  far  been  brought  forward.  They  are  apt  to  get  cold, 
and  the  knees  become  blue  as  in  all  cases  of  cyanosis.  During  the 
stage  of  cardiac  weakness  they  of  course  become  edematous.  Acro- 
cyanosis is  often  very  conspicuous  in  the  nose.  The  hands  of  em- 
physematous patients  are  not,  of  course,  deeply  cyanosed,  because 
these  patients  are  less  cyanotic  than  individuals  suffering  from  grave 
cardiac  cUsease.  On  the  contrary,  marked  anemia  often  develops 
toward  the  end,  so  that  cyanosis  is  rarely  very  great.  It  is  probably 
for  this  reason  that  an  emphysematous  patient,  in  spite  of  his  con- 
gestive symptoms,  rarely  has  clubbed  fingers  like  other  patients 
with  engorgement  of  the  right  heart  and  severe  cyanosis,  par- 
ticularly cases  of  pulmonary  stenosis,  in  which  the  engorgement 
is  regarded  as  the  cause.  Clubbing  of  the  fingers  is  frequently  ob- 
served in  bronchiectasis  and  in  phthisis,  whereas  in  emphysema  it  is 
so  rare  that  it  is  not,  as  a  rule,  included  among  the  symptoms  of  the 
disease.  According  to  Waters,  the  temperature  of  the  skin  is  always 
lower  than  normal. 

23.  Metabolism. — The  general  health  of  the  patient  is  not  im- 
paired except  in  the  higher  grades  of  emphysema.  During  the  initial 
stages  it  is  not  affected,  and  one  sees  plenty  of  obese  sufferers  from  the 
disease.  In  them  emphysema  is  as  a  rule  overlooked,  because  the 
dyspnea  appears  to  be  sufficiently  explained  by  the  obesit}",  and  the 
emphj^sematous  appearance  of  the  thorax  by  the  enlargement  of  the 
abdomen.  There  is  no  doubt,  also,  that  in  such  patients  it  is  much 
more  important  to  recognize  and  treat  the  obesity  than  the  em- 
physema. 

In  advanced  stages  of  the  disease,  on  the  other  hand,  the  patients 
are  always  more  or  less  cachectic,  as  nutrition  is  e^ddently  impaired 
by  the  insufficient  ventilation  of  the  lungs.  Later  the  bad  effect  of 
the  general  congestion  in  the  organs  makes  itself  felt  in  the  digestive 
apparatus.  Young  patients  are  more  cyanotic,  while  elderly  ones 
incline  toward  anemia  as  senility  deA'elops. 

One  might  be  inclined  to  utilize  the  results  obtained  in  studjdng 
the  effects  of  dyspnea  on  metabolism  in  the  study  of  emphysema. 
In  some  experiments  an  insufficiency  of  oxygen  was  induced  by 
having  the  subject  breathe  in  rarefied  air,*  and  an  increased  decom- 
position of  albumin,  especially  in  the  form  of  increased  excretion  of 
uric  acid  through  the  urine,  was  determined.  Lepine,t  by  introducing 
a  mechanical  obstruction  to  the  entrance  of  air,  brought  about  a 
marked  increase  in  the  percentage  of  carbon  dioxid  in  the  expired  air, 
while  the  absolute  elimination  of  carbon  dioxid  was  diminished.     The 

*Fraenkel,  1876,  1880;  Levy,  1882. 

t  "  Jahresbericht  iiber  die  Fortschritte  der  Thierchemie,"  1882.   • 
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increase  in  the  decomposition  of  albumin  determined  bj'  Fraenkel, 
Zuntz  and  Oppenheim,  and  Senator  was  denied  by  Eichhorst,*  and 
again  confirmed  by  Penzoldt  and  Fleischer,  f  Since  the  dyspnea  is 
al\va}'s  accompanied  by  increased  muscular  acti\dt}',  the  latter  un- 
questionably plays  an  important  role  in  its  production.  A  similar 
increase  in  the  decomposition  of  albumin  is  demonstrated  in  the  work 
of  Reale  and  Boesi,|  whereas  Colasanti  and  Palimanti  §  determined 
an  absolute  and  relati\-e  diminution  in  the  excretion  of  urea  and  nitro- 
gen when  the  respiration  was  mechanically  obstructed.  The  results 
of  these  investigations  are  not  directly  applicable  to  emph3^sema,  and 
therefore  have  onlv  a  theoretic  interest  in  this  connection. 


COMPLICATIONS. 

During  the  stage  of  emphysema  a  number  of  important  complica- 
tions may  make  their  appearance.  Either  the  causative  bronchitis 
or  the  causative  asthma  may  reassert  itself.  This  is,  in  fact, 
quite  a  common  occurrence,  and  really  belongs  to  the  clinical  picture 
of  the  disease.  The  emphysematous  subject,  on  his  own  showing,  is 
especially  precUsposed  to  catarrh  in  winter,  and  to  have  an  attack 
of  asthma  when  he  is  exposed  to  heat,  to  dust,  or  to  imfavorable 
atmospheric  concUtions  for  which  he  has  an  idiosyncrasy.  Then, 
again,  asthma  and  bronchitis  may  coexist,  so  that  an  asthmatic  patient 
may  have  a  simple  bronchitis  which  has  nothing  directly  to  do  with 
his  asthmatic  attacks,  and  a  bronchiectatic  patient  may  have  attacks 
of  dyspnea  which  may  resemble  the  asthmatic  attacks  as  closely  as 
one  egg  resembles  another,  and  the  only  possible  way  of  making  a 
differential  chagnosis  that  I  can  tliink  of  is  to  examine  the  sputum 
for  eosinophile  cells. 

Pneumothorax  is  produced  by  the  laceration  of  an  alveolus  situated 
underneath  the  pleura.  The  condition  is  usually  benign  and  ends  in 
recovery.  The  result,  however,  e^ddently  depends  on  the  character 
of  the  air  within  the  ca^dty  produced  and  on  the  natiu-e  of  the  opening. 
If  the  air  is  polluted  by  an  excessive  number  of  nncro-organisms,  an 
inflammation  may  develop;  and  if  there  happens  to  be  an  infiltration 
at  the  site  of  the  opening,  it  may  close  up  ^^ith  cUfiiculty  or  show  no 
tendency  whatever  to  heal.  Absorption  of  the  air  then  becomes  im- 
possible, as  fresh  air  constantly  takes  the  place  of  the  air  absorbed 
whenever  the  lung  is  subjected  to  any  degree  of  pressure.  A  favorable 
prognosis  in  emphysematous  pneumothorax  is  based  chiefly  on  the 
fact  that  the  air  becomes  absorbed  during  the  first  twenty-four  hours 
and  that  the  lung  is  capable  of  expancUng.  The  ruptured  alveolus  is 
then  collapsed  and  the  opening  obliterated.  If  the  lung  expands  again, 
there  is  every  probability  that  the  opening  \\\\\  remain  closed,  because 
the  pressure  on  the  opening  is  very  slight,  and  the  distended  alveoli 

*  "Jahresbericht,"  1877.  f  Virchow's  Archiv,  vol.  lxxxvii. 

t  "Jahresbericht,"  1894.  §  Ibidem. 
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in  the  neighborhood,  which  are  not  very  elastic,  readily  fill  out  and 
occupy  the  space. 

Interstitial  emphysema  is  produced  by  severe  coughing.  As  long 
as  it  is  confined  to  the  lungs  it  cannot  be  recognized,  although  Laennec 
regarded  a  dry  crepitant  rale  with  large  bubbles  as  characteristic 
enough  to  justify  a  diagnosis  of  interstitial  emphysema.  This  view 
has,  however,  been  abandoned;  and  we  now  believe  interstitial  em- 
physema can  be  recognized  only  when  subcutaneous  emphysema 
begins  to  declare  itself  in  the  neck  by  the  characteristic  crepitation 
transmitted  to  the  palpating  finger.  Opinions  vary  in  regard  to  the 
danger  of  this  condition.  Roger  states  that  17  of  his  21  cases  were 
fatal.  When  it  is  remembered  how  many  cases  are  never  cUagnosed, 
and  that  only  the  most  pronounced  examples  are  recognized,  and  that, 
moreover,  a  number  of  these  recover,  it  is  probably  a  mistake  to  rate 
the  dangers  of  interstitial  emphysema  too  high.  The  patients  that 
I  have  seen  die  with  interstitial  emphysema  were  in  such  a  condition 
that  they  could  not  in  any  event  have  been  kept  ahve  for  any  length 
of  time. 

Cardiac  complications,  over  and  above  compensatory  hypertrophy 
of  the  right  heart,  are  often  observed.  Lebert  *  claims  to  have  found 
valvular  lesions  in  10%  of  the  cases  (in  8  insufficiency  and  retraction 
of  the  mitral  A'alve,  in  2  aortic  disease,  in  1  complicated  lesions ;  see 
also  page  277).  Thrombus  formation  in  the  right  auricle,  or  rarely 
at  some  other  point, — in  the  vestibule  or  in  the  ventricle, — can  hardly 
be  called  a  complication ;  it  is  to  be  regarded  rather  as  a  very  common 
terminal  manifestation  in  the  normal  development  of  the  cardiac 
hypertrophy  and  dilatation  incident  to  emphysema. 

Collections  of  fluid  in  all  the  cavities  of  the  body  are  the  natural 
result  of  the  cardiac  disturbance,  and  need  not  be  mentioned  as  a 
special  complication. 

Bronchiectasis  is  mentioned  by  many  authors.  It  assumes  the 
regular  cylindric  form  and  produces  no  clinical  symptoms. 

Gastric  disturbances  manifest  themselves  in  coimection  with  the 
venous  engorgement ;  dilatation  of  the  stomach  has  even  been  described 
as  a  final  result. 

Phthisis  may  complicate  diffuse  emphysema,  although  the  asso- 
ciation is  not  very  common.  The  demonstration  of  tubercle  bacilli 
in  many  patients  previously  regarded  as  emphysematous  occasionally 
comes  on  the  physician  as  a  surprise,  and  explains  many  cmious  com- 
plaints, in  some  cases  eA'en  febrile  movements  and  loss  of  flesh,  for  even 
pronounced  pulmonary  changes  characteristic  of  phthisis  may  be 
masked  for  some  time  by  the  presence  of  the  emphysema.  Accora- 
ingly  this  form  has  often  been  included  among  the  so-called  latent 
forms  of  phthisis.  It  is  said  to  be  characterized  by  a  slow  course 
and  limited  extent  of  the  pulmonary  lesions. 

Cerebral  Hemorrhage. — Emphysematous  patients  often  complain 
of  headache  and  a  feeling  of  pain  in  the  head,  symptoms  that  are 
*  "  Klinik  der  Brustkrankheiten,"  i,  p.  377. 
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unquestionably  to  be  referred  to  the  congestion  in  the  venous  circula- 
tion. The  occurrence  of  apoplexy  in  association  with  emphysema  is 
probably  A'er}^  exceptional.  The  arteriosclerosis  which  favors  the 
development  of  emphysema  is  probably  also  responsible  for  the 
apoplexy,  when  the  latter  occurs. 

As  many  emphysematous  patients  go  through  a  stage  of  conges- 
tion it  is  not  to  be  wondered  at  that  any  variety  of  hemorrhage  may 
appear  as  a  complication  of  the  disease.  The  hemorrhage  most  com- 
monly takes  the  form  of  epistaxis  or  hemorrhoids,  but  hemoptysis, 
hematemesis,  intestinal  hemorrhages,  and  hematuria  have  also  occurred 
in  rare  cases.  The  patients  often  feel  much  relieved  after  these  hemor- 
rhages, which  may  in  a  sense  be  regarded  as  curative  efforts  on  the 
part  of  nature.  Hemorrhages  into  the  retina  also  no  doubt  occur  as 
symptoms  of  congestion.  But  the  case  reported  by  Litten  *  cannot 
be  attributed  to  retinal  hemorrhages  alone. 

The  thromboses  that  develop  in  the  terminal  stage  of  emphysema 
are  readily  explained  by  the  dilatation  and  weakness  of  the  right 
ventricle.  The  right  auricle  is  an  especially  favorite  seat  of  thrombus 
formation,  and  clots  are  also  found  in  the  jugular,  the  saphenous, 
and  the  crural  veins,  in  the  vena  cava,  and  in  the  sinuses  of  the  brain. 
From  the  right  auricle,  and  sometimes  from  the  other  veins  referred 
to,  the  thrombus  may  be  carried  into  the  pulmonary  circulation  and 
lead  to  embolism  of  smaller  or  sometimes  even  larger  branches  of  the 
pulmonary  arter}',  with  the  logical  consequences  that  need  not  be 
especially  discussed. 

The  association  of  gout  and  emphysema  must  be  regarded  as  quite 
frequent,  since  Greenhow  distinctly  mentions  goutj^  constitution  as 
the  chief  cause  of  the  development  of  emphysema.  Other  authors 
do  not  say  much  about  it ;  but  Norman  Moore  f  makes  the  statement 
that  emphysema  is  as  common  as  interstitial  nephritis  in  gout.  Since 
bronchitis  is  regarded  by  Englishmen  as  a  frequent  gouty  disease,  the 
emphysema  is  readily  explained  in  the  same  way.  On  the  whole,  I 
am  of  the  opinion  that  alcoholism  plays  a  considerable  role,  and  I  am 
inclined  to  leave  the  question  whether  gout  may  be  mentioned  as  a 
direct  cause  of  emphysema  open  to  debate. 

Obesity  is  also  to  be  regarded  as  a  not  infrequent  occurrence  in 
emphysema,  and  it  may  quite  possibly  possess  some  diagnostic  sig- 
nificance by  bringing  about  a  tendency  to  bronchiectasis  and  cardiac 
weakness. 

Mention  is  occasionally  made  of  the  frequency  of  rheumatism  in 
emphysematous  subjects,  but  Lebert  was  unable  to  confirm  this 
assertion  in  his  860  cases.  Greenhow  also  claims  a  certain  relationship 
between  psoriasis  and  emphysema. 

*  Charite-Annalen,  1876,  172.  f  Trans.  Path.  Soc,  vol.  xxxin. 
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PROGNOSIS. 

The  prognosis  is  unfavorable,  inasmuch  as  there  is  little  prospect 
of  obtaining  a  complete  cure  except  in  a  few  cases  of  youthful  indi- 
viduals when  the  disease  is  of  recent  origin  and  has  not  yet  had  time 
to  involve  a  large  portion  of  the  lungs.  It  is  favorable,  however,  in 
the  sense  that  life  is  not  threatened  for  some  time,  and  with  due  care 
and  favorable  external  circumstances  the  patient  may  live  to  extreme 
old  age.  Still,  there  is  a  good  deal  in  the  way  of  treatment  that  can 
be  done  to  alleviate  the  patient's  discomfort.  If  the  heart  is  sound, 
the  prognosis  is  at  once  rendered  much  more  favorable.  Much 
depends  on  the  degree  of  emphysema  present.  This  can  be  deter- 
mined by  means  of  the  spirometer.  Waldenburg  asserts  that  the 
prospect  is  unfavorable  if  the  vital  capacity,  as  shown  by  the  spirom- 
eter, is  reduced  one-half- or  even  more;  hence  the  saying:  "The  ear 
makes  the  diagnosis,  but  the  spirometer  makes  the  prognosis."* 
Much,  however,  can  be  accomplished  by  exercise,  and  I  should  not  be 
inclined  to  regard  the  spirometric  result  as  unfavorable  until  every 
effort  to  secure  a  better  one  had  failed. 


DIAGNOSIS. 

The  diagnosis  of  diffuse  emphysema  presents  no  difficulties.  The 
shape  of  the  thorax,  the  boundaries  of  the  resonant  area  in  the  lungs, 
and  the  weakened  vesicular  breath-sounds  are  considered  as  the 
three  classic  objective  signs.  Emphysema,  it  has  been  said,  may  be 
mistaken  for  pneumothorax,  but  this  can  be  possible  only  in  cases  in 
which  the  phenomena  of  pneumothorax,  owing  to  the  presence  of 
adhesions,  fail  to  make  their  appearance  abruptly,  so  that  the  condi- 
tion develops  comparatively  slowly  and  never  reaches  a  high  degree. 
If  metallic  breathing  and  loss  of  vocal  fremitus  are  demonstrable,  the 
error  will  be  readily  avoided ;  but  when  these  signs  are  absent,  the 
mistake  has  been  occasionally  made,  else  the  differential  diagnosis 
would  not  be  described  so  extensively  in  all  the  text-books. t  In 
phthisis,  pulmonary  abscess,  and  pulmonary  gangrene  the  possibility, 
of  emphysema  will  be  borne  in  mind. 

Emphysema  may  also  be  confounded  with  compression  of  the 
trachea  or  of  the  main  bronchi.  The  question  whether  pneumono- 
mycosis  simulating  emphysema  exists  is  still  under  debate.  J 

Except  during  an  asthmatic  attack,  emphysema  will  scarcely  be 
confounded  with  the  stage  of  asthma  in  which  emphysema  has  not 
yet  developed.  When  emphysema  was  still  sharply  separated  from 
asthma  as  a  distinct  disease,  the  differential  diagnosis  between  the  two 

*Lermoyez,  France  medicale,  1891,  p.  641. 

t  HomoUe,  in  "Nouveau  Dictionnaire,"  Paris,  1880;  Rilliet  et  Barthez,  and 
Riegel  report  cases  of  this  kind. 
X  Lancet,  1894,  vol.  l,  p.  1252. 
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conditions  was  much  clisciissecl.     Dilatation  of  the  thorax  is  absent 
and  retraction  of  the  lower  portion  of  the  thorax  is  present  in  asthma. 

Hypertrophy  of  the  lungs  is  also  mentioned  in  the  text-books,  but 
experience  shows  that  symptoms  of  emphysema  do  not  occur  in  this 
condition.  The  vesicular  breathing  is  not  impaired,  the  respiratory 
and  vital  capacities  are  normal,  although  the  boundaries  of  the  lungs 
are  enlarged.  In  the  rare  cases  so  far  reported  the  conditions  were 
quite  abnormal,  and  were  never  understood  before  the  autopsy. 

The  diagnosis  of  emphysema  having  once  been  established,  it 
remains  to  decide  whether  the  case  is  one  of  acute  emphysema,  as  in 
whooping-cough  and  in  capillary  bronchitis,  for  example,  or  a  case  of 
chronic  emphysema. 

During  the  cardiac  stage  it  is  sometimes  difficult  to  determine 
the  origin  of  the  condition,  as  cardiac  disease  alone  or  a  combination 
of  renal  with  cardiac  disease  may  simulate  emphysema.  Errors  will, 
how^ever,  usually  be  avoided  unless  the  cHnical  picture  is  complicated 
by  the  presence  of  pulmonary  catarrh.  As  long  as  this  complication 
persists  it  will  be  impossible  to  arrive  at  any  definite  decision. 

It  is  necessary  to  distinguish  between  asthmatic  and  bronchitic 
emphysema. 

Vicarious  emphysema  occasionally  masks  other  changes;  thus, 
phthisis  Ls  often  concealed  by  the  condition  and  leads  to  the  error  of 
diagnosticating  a  primary  emphysema.  When  emphysema  develops 
in  the  case  of  individuals  who  have  formerly  suffered  from  disease 
of  the  lungs  and  show  areas  of  dulness,  retraction  of  the  lung,  changes 
in  the  shape  of  the  thorax,  and  a  general  deviation  from  the  character- 
istic emphysematous  habit,  the  correct  diagnosis  will  usually  be 
suggested  by  the  depression  of  the  diaphragm,  by  a  diminution  in 
its  excursions,  and  by  the  displacement  of  the  heart.  [Such  condi- 
tions are  more  readily  determined  by  a  fluoroscopic  examination. 
—Ed.] 

An  emphysematous  subject  may  develop  tuberculosis  secondarily, 
and  there  is  no  reason  to  be  astonished  at  the  apparent  parodox  of  an 
emphysematous  thorax  and  the  finding  of  tubercle  bacilli  in  the 
sputum. 

Whether  emplwsema  may  coexist  with  a  valvular  lesion  is  often 
difficult  to  decide,  since  the  picture  of  mitral  insufficiency  is  often 
directly  produced  by  emphysema.  The  question  will  have  to  be 
determined  by  percussion.  If  the  two  conditions  are  present  to- 
gether, a  correct  diagnosis  may  be  obtained  through  the  history. 

In  children  the  diagnosis  of  emphysema  is  often  extremely  difficult, 
because  the  characteristic  barrel-shape  of  the  thorax  does  not  develop, 
especially  in  the  earlier  years  of  cliildhood.  The  furrow  of  peripneu- 
monic  retraction  may  be  produced  by  any  form  of  dyspnea  and  is 
not  in  the  least  characteristic  of  emphj^sema.  A  more  trustworthy 
sign  is  the  expiratory  distention  of  the  upper  portion  of  the  lungs 
during  violent  paroxysms  of  coughing.  This  sign  is  often  very  con- 
spicuous, and  w^as  long  ago  pointed  out  by  Fiirst.     Those  who  pre- 
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tend  to  distinguish  alveolar  ectasia,  " volumen  pulmonum  auctum," 
from  "genuine"  emph^-sema,  and  claim  that  the  term  emphysema 
should  be  used  only  in  the  presence  of  profound  pathologic  changes 
in  the  tissues,  will  find  great  difficulty  in  making  a  differential  diag- 
nosis in  the  case  of  children. 

Niemeyer  attempts  to  draw  a  sharp  hne  of  distinction  between  per- 
manent inspiratory  distention  of  the  pulmonary  alveoli  and  vesicular 
emphysema.  This  author  asserts  that  in  the  former  case  the  pul- 
monary alveoli  maintain  the  degree  of  distention  wliich  they  normally 
possess  at  the  height  of  inspiration,  while  in  emphysema,  on  the  other 
hand,  the  distention  exceeds  the  normal,  "two  very  different  condi- 
tions, and  it  seems  very  strange  that  they  have  so  often  been  united 
in  the  same  description. "  But  it  seems  to  me  that  this  is  only  natural, 
for  how  is  it  possible  to  recognize  this  permanent  distention?  If  the 
condition  has  developed  rapidly  and  there  is  prospect  of  recovery,  one 
may  speak  of  an  acute  pulmonary  distention;  but  there  is  no  such 
thing  as  a  permanent  respiratory  distention — either  the  distention 
returns  to  normal  or  it  goes  on  to  the  development  of  genuine  chronic 
emphysema.  The  clinician  cannot  allow  his  diagnosis  of  emphysema 
to  hinge  on  symptoms  that  develop  only  in  an  advanced  stage  of  the 
disease,  or  even  require  an  autops}^  for  their  full  recognition.  I  shall 
leave  it  to  the  pathologists  to  decide  whether  Niemeyer 's  division  is 
to  be  retained  for  their  purposes. 

It  is  true  that  there  are  cases  in  which  the  term  emphysema  is 
incorrectly  applied.  In  the  case  reported  by  Hecker,*  in  which  labor 
was  terminated  without  artificial  intervention  after  twenty-four  hours 
of  labor  pains,  eighteen  hours  after  the  rupture  of  the  membranes, 
and  one  hour  after  the  heart  sounds  had  ceased  to  be  heard,  and  a 
still-born  child  was  born  presenting  distention  of  the  lungs  and  even 
laceration  of  the  alveoli,  it  is  right  enough  to  say  that  the  case  was  not 
one  of  disease,  so  much  as  of  a  suddenly  produced  condition — an  acci- 
dent, as  it  were.  In  a  similar  way  excessive  dyspnea  during  the 
agonal  period  may  lead  to  a  distention  of  the  lungs  wliich  is  designated 
by  many  authors  as  an  acute  emphysema.  It  is  for  this  reason  that 
I  have  said  that  for  practical  reasons  the  term  emphysema  should 
be  used  only  when  the  distention  of  the  lungs  has  continued  for  at 
least  eight  days,  this  period  having  been  chosen  as  sufficient  for  the 
development  of  an  actual  morbid  condition  (see  p.  293).  If  the  condi- 
tion lasts  less  than  a  week,  I  prefer  the  term  acute  pulmonary  disten- 
tion. In  the  great  diversity  of  opinions,  however,  the  boundary-line 
between  simple  pulmonary  distention  and  acute  emphysema  cannot 
always  be  positively  determined. 

*  Virchow's  Archiv,  vol.  xvi;  see  also  Ruge,  Berliner  klin.  Wochenschr.,  1877. 
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The  former  hopeless  views  on  the  subject  of  the  treatment  of  em- 
physema have  long  given  way  to  the  knowledge  that  a  regeneration 
of  distended  pulmonary  alveoli,  even  when  the  lesion  is  quite  exten- 
sive, is  possible,  that  elasticity  can  be  regained;  and  that,  even  though 
old  scars  and  atrophic  areas  cannot  be  remo\'ed,  nature  is  ever  striving 
by  compensatory  processes  to  repair  the  injury  as  completely  as 
possible.  It  is  therefore  a  most  promising  task  to  assist  the  reparative 
efforts  of  nature,  or  at  least  to  remove  anything  that  tends  to  disturb 
the  processes  of  repair.  The  treatment  of  emphysema  has  developed 
along  these  lines  until  it  now  constitutes  a  complicated  and  difficult 
chapter  in  medicine. 

A  number  of  prophylactic  measures  are  recommended  by  various 
authors.  Individuals  suffering  from  hereditar}^  predisposition  must 
use  every  means  to  strengthen  the  lungs  from  childhood  on  by  proper 
diet  and  mode  of  life ;  thej^  must  avoid  an}-  occupation  that  necessi- 
tates the  inhalation  of  dust  and  vapors,  and  must  not  become  singers, 
preachers,  orators,  or  performers  on  wind-instruments.  Catarrh  de- 
veloping in  such  individuals  must  be  treated  seriously  from  the 
begimiing.  Affections  accompanied  by  \dolent  attacks  of  coughing 
require  prompt  and  thorough  treatment,  and  a  sufficient  period  must 
be  allowed  for  convalescence  before  the  patient  is  permitted  to  return 
to  work.  An  occasional  visit  to  the  south,  the  seashore,  or  the  moun- 
tains should  be  urged  for  such  patients  early  in  their  career.  It  is  still 
impossible  to  protect  our  children  against  whooping-cough  and  other 
infectious  diseases  incident  to  childhood  in  the  present  questionable 
state  of  school  hygiene ;  but  even  if  the  cliild  does  contract  these  dis- 
eases, much  can  be  done  to  limit  the  evil  consequences.  To  discuss 
this  subject  in  detail  would  necessitate  a  complete  re\iew  of  the 
treatment  of  those  diseases. 

In  addition  to  infectious  diseases,  chronic  bronchitis  and  asthma 
demand  especial  attention.  I  must  once  more  repeat  my  warning 
against  the  excessive  use  of  drugs;  they  should  be  given  only  with 
the  greatest  caution  and  reserve.  The  ordinary  expectorants,  as  a 
rule,  have  only  a  temporary  value,  and  can  be  dispensed  with  alto- 
gether* ;  hydrotherapeutic  procedures  occupy  the  first  place  in  the 
treatment.  Hygienic  measures  cannot  be  too  highl}^  commended. 
The  use  of  alcohol  and  tobacco  must  be  prohibited  absolutely.  If  it 
is  possible  to  secure  implicit  obedience  to  these  simple  directions,  the 
patient  will  himself  combat  the  development  of  emphysema  step  by 
step,  and  is  practically  certain  to  escape  a  severe  grade  of  the  affec- 
tion. That  the  disease  nevertheless  is  destined  always  to  be  wide- 
spread is  easily  comprehensible  for  reasons  that  need  no  special  ex- 
position. 

In  the  treatment  of  pronounced  emphysema  hygienic  measures 

*  This  antiquated  custom  was  condemned  in  the  first  edition  of  the  "  Allegemeine 
Therapie,"  but  it  will  no  doubt  take  some  time  to  abolish  it  altogether. 
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again  occupy  the  first  place.  In  a  distinctly  chronic  disease  like 
emphysema  the  mode  of  life  is  of  immeasurably  greater  importance 
than  any  course  of  treatment  that  never  lasts  more  than  a  few  weeks, 
or  at  most  a  few  months.  It  is  possible  in  some  cases  to  have  the 
patient  consider  his  infirmity  in  the  choice  of  residence,  but  it  is  not 
to  be  supposed  that  any  one  locality  possesses  any  special  curative 
influence  for  emphysema.  It  was  formerly  the  custom  to  advise  high 
altitudes.  It  appears  to  me  that  a  change  of  residence,  the  patient 
spending  a  good  deal  of  time  in  various  places,  is  to  be  commended 
as  particularly  useful.  A  cold,  moist  climate  should  always  be 
avoided  by  emphysematous  subjects;  but  after  a  sojourn  in  a  mild 
and  dry  climate,  a  change  to  a  mild  moist  region  is  often  very  bene- 
ficial, or,  again,  a  change  from  a  moist  to  a  dry  climate.  A  constantly 
mild  and  bland — that  is  to  say,  moist — atmosphere  need  only  be 
recommended  in  cases  of  cachexia.  The  chief  requisites  are  freedom 
from  dust,  therefore  a  sufficient  distance  from  industrial  centers, 
from  important  public  roads,  and  all  great  centers  of  population. 
Hill-climbing  is  beneficial  to  a  certain  extent  in  emphysema ;  its  value 
depends  on  the  condition  of  the  heart,  which  must  be  taken  into  con- 
sideration in  advising  its  employment  and  specifying  the  amount. 

The  question  of  clothing  may  be  considered  in  connection  with  the 
climatic  treatment.  On  this  point  also  there  is  a  great  diversity  of 
opinion.  Some  recommend  wrapping  the  body  in  wool ;  others  prefer 
linen  or  muslin,  and  adapt  their  prescriptions  to  the  season.  I  cannot 
subscribe  to  any  extreme  view.  Individuals  differ  so  much,  and  habit 
and  mode  of  life  necessarily  influence  the  question  so  largely,  that 
I  cannot  see  the  justice  of  prescribing  definite  rules  in  the  matter  of 
dress,  as  those  who  believe  in  exact  prescription  would  have  us  do. 
It  is  quite  proper  to  discuss  the  question  of  dress  with  the  patient 
and  to  call  his  attention  to  manifest  imprudences  and  mistakes,  but 
one  should  not  be  tyrannical.  Ordinary  common  sense  is  of  more 
value  in  this  connection  than  so-called  scientific  principles. 

The  patient  must  at  least  not  be  exposed  to  the  danger  of  constant 
relapses  by  too  much  wrapping  up  and  coddling.  He  must  subject 
himself  to  a  regular  and  systematic  process  of  hardening,  so  as  to 
acquire  and  preserve  sufficient  power  of  resistance  against  changes 
in  temperature.  If  he  is  regular  in  the  matter  of  sponging  or  bathing 
in  cool  water,  spends  a  good  deal  of  his  time  in  the  open  air,  and 
takes  plenty  of  exercise,  he  is  to  a  certain  extent  independent  of  dress, 
and  is  relieved  of  the  constant  worry  of  taking  cold  which  in  patients 
of  this  kind  often  becomes  a  perfect  obsession ;  they  cannot  live  without 
it  and  it  robs  life  of  all  its  pleasures. 

The  diet  itself  is  also  of  considerable  importance.  It  is  not  so 
much  necessary  to  forbid  certain  dishes  and  recommend  others,  as  it 
is  to  insist  upon  a  proper  moderation  and  to  avoid  any  extravagance, 
or  indulgence  in  unusual  food.  It  would  be  quite  wrong  to  assert 
that  any  one  dish  in  itself  is  harmful.  Every  one  should  eat  what 
agrees  with  him;  in  other  words,  he  should  regulate  his  diet  so  that 


TREA  TMENT.  347 

he  is  free  from  abdominal  discomfort  and  goes  to  stool  regularly; 
only  he  must  not  eat  moi-e  than  is  absolutely  necessary.  This  rule  is 
often  and  flagrantly  violated,  and  so  the  physician  is  often  forced  to 
prepare  a  diet  list  with  quantitative  prescriptions.  This  applies 
especially  to  cases  characterized  b}'  a  tendency  to  obesity,  which  are 
quite  frequent.  The  amount  of  fluid  to  be  taken  must  also  be  regu- 
lated according  to  general  therapeutic  principles.  In  difficult  cases 
a  complete  change  in  the  entire  mode  of  life,  as  carried  out  in  many 
of  the  well-known  sanatoria,  offers  the  only  hope  of  success.  A  strict 
milk  diet  sometimes  gives  brilliant  results  in  patients  who  have  been 
addicted  to  overfeeding,  as  is  shown  by  an  instructive  and  interesting 
case  recently  reported  by  Lenhartz.* 

The  disease  has  also  been  attacked  directly  by  means  of  physio- 
logic methods  of  treatment.  The  most  important  of  these  methods 
consists  in  the  use  of  the  pneumatic  cahinet.  Cabinets  of  this  kind 
are  now  found  in  various  cities,  and  several  writers  have  given  us  the 
results  of  their  observations  in  such  places  in  carefully  prepared 
monographs.  The  work  of  Vivenot  forms  the  foundation  for  every- 
thing that  has  been  done  in  this  field.  Other  material  additions  to 
our  knowledge  are  due  to  the  vast  amount  of  original  work  that  has 
been  done  in  the  Jewish  Hospital  in  Berlin  under  the  guidance  of 
Lazarus. t  In  a  cabinet  of  this  kind  the  air  pressure  is  gradually 
raised  during  the  first  half  hour.  The  patients  then  breathe  air  at  a 
pressure  of  U-  to  2  atmospheres,  from  one-half  to  one  hour,  and  finally 
another  half-hour  is  consumed  in  bringing  the  pressure  back  to  the 
normal.  The  latter  precaution  is  very  necessary,  as  rapid  increase  of 
pressure  and,  still  more,  rapid  decrease  of  pressure  have  often  led 
to  disastrous  results. 

A  good  many  emphysematous  patients  experience  great  relief 
from  the  treatment,  but  the  difficulty  of  explaining  this  good  effect  is 
still  considerable.  It  has  been  known  since  the  time  of  Vivenot  that 
the  depth  of  the  respiratory  movements  is  increased  in  the  cabinet, 
while  the  frequency  of  respiration  is  diminished.  These  effects  persist 
after  the  patient  has  left  the  cabinet,  and,  by  repeating  the  sitting 
often  enough,  thej^  may  be  made  to  continue  for  some  time.  J 

The  effect  on  blood  pressure  is  neither  great  nor  constant.  It  is 
certain,  at  least,  that  the  pressure  is  not  diminished.  The  painstaking 
and  laborious  investigations  of  Liebig  are  absolutely  depressing  in 
their  dearth  of  results.  The  effect  on  blood  distribution  is  favorable, 
inasmuch  as  the  blood  is  withdrawn  from  the  peripheral  portions,  and 

*"Handbuch  der  praktischen  Medicin,"  by  Ebstein  and  Schwalbe,  vol.  i,  p. 
199.  (A  woman  sixty-seven  years  of  age,  a  teacher  by  profession,  was  affected 
with  bronchitis  and  emphysema,  edema  in  various  portions  of  the  body,  albuminuria, 
and  intense  subjective  symptoms.  Temporary  relief  only  was  obtained  with 
digitalis.  After  a  diet  consisting  of  200  c.c.  (say,  6  ounces)  of  milk  four  times  a 
day,  continued  for  six  daj^s,  a  permanent  improvement  took  place.  Dyspnea, 
edema,  and  albuminuria  disappeared  altogether.) 

t  Lazarus,  "The  First  Twenty-five  Years  of  the  Pneumatic  Institute." 

X  Aron  denies  this  at  present. 
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tends  to  accumulate  in  the  inner  portions  of  the  body.  The  effect 
of  a  seance  on  the  absorption  of  oxygen  and  the  eUmination  of  carbon 
dioxid,  as  well  as  on  metabolism,  is  so  insignificant  that  it  has  not  been 
possible  so  far  to  obtain  any  definite  results  in  this  matter.  It  was 
thought  that  the  effect  of  the  pneumatic  cabinet  might  be  enhanced 
by  placing  the  patient  in  compressed  air  and  having  him  expire  into 
free  atmospheric  or  rarefied  air.  Pircher  has  reported  valuable  re- 
sults by  this  method.*  The  effect  of  expiring  into  rarefied  air,  while 
the  patient  himself  is  in  compressed  air,  is  said  to  be  equivalent  to 
negative  pressure  in  the  lungs,  and  even  a  small  difference,  of,  say, 
0.2  atmosphere,  is  sufficiently  efficacious  to  obviate  the  necessity  of 
risking  the  dangers  incident  to  a  great  difference  in  pressure.  I  am 
not  aware,  however,  that  this  method  is  carried  out  systematically 
anywhere  at  the  present  time.  The  investigations  carried  out  at  the 
Jewish  Hospital  and  the  work  of  Schreiber  throw  some  light  on  the 
value  of  this  method.  They  will  be  referred  to  in  another  place. 
But  favorable  results  have  been  reported  even  without  this  feature 
of  expiration  into  rarefied  air;  for  instance,  in  liebig's  case,t  which 
was  one  of  fairly  recent  emphysema  associated  with  asthma. 

It  appears,  then,  that  the  indications  for  the  employment  of  these 
cabinets  cannot  be  deduced  or  even  controlled  by  scientific  reasoning, 
but  nmst  depend  on  empiric  results  as  reported  by  the  experienced 
men  in  charge  of  institutions  of  this  kind,  among  whom  Lazarus,  at 
the  present  time,  is  to  be  regarded  as  the  chief  authority.  He  is 
extremely  guarded  in  his  opinions,  and  absolutely  refuses  to  admit 
patients  with  rigid  thorax  and  arteriosclerosis  into  his  apparatus,  so 
that  a  large  proportion  of  emphysematous  patients  is  excluded  from 
the  method.  The  cabinet  is  indicated  in  the  case  of  catarrhal  condi- 
tions of  the  bronchial  mucous  membrane,  and  the  good  results  ob- 
tained are  inversely  proportionate  to  the  degree  of  pulmonary  disten- 
tion that  has  already  developed.  Increased  pressure  within  the  bron- 
chi facilitates  their  expansion  and  acts  as  a  stimulant  to  the  torpid 
character  of  the  chronic  catarrh.  Of  course,  the  distention  of  the 
pulmonary  tissue  cannot  be  influenced.  In  a  pronounced  case  of 
emphysema  the  compressed  air  treatment  is  of  no  value.  It  is  more 
likely  to  be  useful  in  cardiac  forms  accompanied  by  congestive  hyper- 
emia of  the  bronchial  walls,  the  removal  of  which  has  a  valuable 
reactive  effect  on  the  circulation  of  the  heart  and  lungs.  Such  are  the 
views  of  Lazarus.  I  have  the  impression  that  even  arteriosclerotic 
emphysematous  subjects  often  experience  great  relief  in  places  like 
Reichenhall,  and  am  therefore  inclined  to  take  exception  to  the  dictum 
that  in  a  pronounced  case  of  emphysema  the  compressed  air  treatment 
is  of  no  value. 

For  a  time  the  hope  was  entertained  that  this  method  would  furnish 
a  remedy  for  emphysema,  because  it  was  thought  possible  that  an 
increase  in  the  absorption  of  oxygen  might  be  brought  about  during 
the  procedure;  but,  to  judge  from  the  great  number  of  observations 

*  Wiener  med.  Wochenschr.,  1877,  Hill.  t  Wiener  med.  Presse,  1876. 
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now  at  our  disposal,  this  does  not  seem  probable ;  although  it  possibly 
does  take  place  to  a  very  slight  degree,  the  benefit  is  then  correspond- 
ingly small.  If  it  is  desired  to  induce  a  greater  absorption  of  oxygen 
in  the  body,  direct  inhalations  of  oxygen  can  now  be  resorted  to. 
The  gas  can  be  obtained  anywhere  compressed  in  cylinders,  and  is 
readily  inhaled  by  the  patient  with  the  aid  of  a  suitable  mask. 

Michaelis  lately  collected  a  number  of  data  from  Ley  den's  clinic* 
bearing  on  the  use  of  this  method,  and  his  results  are  such  as  to 
encourage  further  experiments.  When  the  general  appearance  and 
habit  of  the  patient  betray  the  want  of  oxygen,  especially  when 
pronounced  cyanosis  is  present,  these  artificial  inhalations  may  be 
resorted  to.  Michaelis  observed  a  complete  change  to  come  over  a 
cyanotic  face  with  dark,  bluish  lips  after  the  inhalation  of  20  liters 
of  oxygen;  the  lips  became  bright  cherry-red  and  shining,  and  the 
face  assumed  a  fresh,  rosy  look.  The  anxious  look,  which  had  been 
marked  before  on  account  of  the  dyspnea,  gave  place  to  a  pleasant 
expression.  In  addition,  the  use  of  the  method  has  a  psychic  effect. 
The  patients  believe  in  the  remedy ;  in  fact,  they  as  a  rule  entertain 
extravagant  hopes,  and  so  it  affords  an  excellent  symptomatic  meas- 
ure. If  the  inhalations  of  oxygen  are  persisted  in  for  some  time,  it 
is  quite  possible  that  a  favorable  effect  is  produced  on  the  heart  and 
on  the  nervous  system,  and  in  this  good  effect  the  lungs  will  also  share 
to  some  extent.  Whether  the  treatment  has  any  permanent  influence 
on  the  disease  still  remains  to  be  seen. 

To  return  to  the  physical  treatment  of  emphysema,  there  remains 
to  be  considered  the  apparatus  of  Waldenburg  and  others  like  it,  a 
method  which  is  called  by  Lazarus  the  active  pneumatic  method,  in 
contradistinction  to  the  cabinet  treatment,  which  he  calls  the  passive 
pneumatic  method. 

Waldenburg  is  chiefly  responsible  for  the  development  of  this 
method  and  promised  wonders  from  its  action.  The  portable  appa- 
ratus which  usually  bears  his  name,  although  it  was  used  long  before 
his  time  and  has  been  improved  by  other  men,t  is  generally  familiar, 
and  need  not  be  described  here.  The  patient  inspires  moderately 
compressed  air,  at  an  excess  of  -^  to  g-^  of  an  atmosphere,  and  expires 
into  the  normal  air  of  the  surroundings.  Debilitated  individuals 
should  take  a  long  rest  after  consuming  the  first  cylinder;  later,  the 
dose  may  be  increased  to  three  or  even  five  cylinders.  When  the 
catarrh  iDegins  to  subside  and  the  irritability  of  the  bronchi  is  not 
great,  the  patient  may  expire  into  rarefied  air  (-^-^  to  g-^  of  an  atmos- 
phere), using  one  to  five  cylinders  interrupted  by  periods  of  rest. 
Great  benefit  was  expected  to  result  from  this  method.  On  theoretic 
gromids  it  is  evident  that  the  air  is,  as  it  were,  drawn  out  of  the 
thorax  when  the  patient  expires  into  rarefied  air,  and  that  the  tension 
of  the  alveoli  is  thus  diminished.  The  succeeding  inspiratory  effort 
must  accordingly  be  facilitated,  and  the  circulation  in  the  capillaries 

*  Zeitschr.  fur  didtetische  und  physikalische  Therapie,  vol.  iv,  No.  2. 
t  Geigel-Mayer  exhaust-wheel  ventilator,  for  instance. 
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of  the  lungs  encounters  less  resistance.  The  portions  of  the  lungs  that 
are  merely  ectatic  and  have  not  yet  undergone  atrophy,  are  said  to 
regain  their  elasticity  by  this  means. 

For  these  theoretic  results,  which  appeared  a  priori  plausible, 
Waldenburg  later  brought  experimental  support,  but  his  beautiful 
structure  collapsed  so  ignominiously  that  it  is  impossible  to  believe 
that  his  studies  of  the  subject  were  thorough.  His  bulky  volumes 
now  stand  neglected  and  covered  with  dust  on  the  shelf,  and  no  one 
dares  to  touch  them.  Very  soon  after  their  appearance,  skeptics 
and  critics  made  themselves  heard.  In  a  most  commendable  little 
monograph  by  Josephson,  entitled  '' Wirkungslosigkeit  und  Nach- 
theile  der  trans portablen  pneumatischen  Apparate  von  und  nach 
Waldenburg,"  Hamburg,  1877,  the  coarser  errors  of  that  author  are 
exposed,  and  other  authors  are  cited  who  oppose  his  views;  but  the 
authority  of  the  eminent  clinician  and  of  his  followers  sufficed  to 
secure  recognition  for  his  work  for  some  time. 

The  merit  of  clearing  up  the  question  in  all  its  bearings  is  again 
due  to  the  work  performed  under  the  inspiration  of  Lazarus  at  the 
Jewish  Hospital  at  Berlin.  It  was  found,  by  ha^dng  healthy  subjects 
expire  into  rarefied  air,*  that  an  increase  in  the  rarefaction  of  the  air 
was  accompanied  by  a  decrease  in  the  vital  capacity  and  of  the  quan- 
tity of  carbon  dioxid.f  The  same  experiments  were  then  repeated 
on  emphysematous  subjects, |  with  the  result  that  neither  the  vol- 
ume of  expired  air  nor  the  elimination  of  carbon  dioxid  was  increased ; 
in  fact,  the  results  were  the  same  in  every  respect.  These  findings 
are  confirmed  by  the  results  of  other  investigators.  J.  Schreiber 
expended  much  time  and  effort  on  this  subject.  §  Although  I  am  not 
prepared  to  admit  the  correctness  of  his  first  calculations  in  regard 
to  the  inspiration  of  compressed  air,  the  experiments  which  here 
concern  us  particularly  are  those  performed  with  the  expiration  into 
rarefied  air,  and  the  results  of  these  harmonize  in  every  respect  with 
those  obtained  by  Lazarus.  Schreiber,  however,  finds  that  in  the 
case  of  emphysematous  subjects  the  quantity  of  air  abstracted  from 
the  lungs  during  expiration  into  rarefied  air  exceeds  by  about  L50 
c.c.  the  quantity  abstracted  during  expiration  into  the  atmosphere. 
With  the  aid  of  a  stethographic  examination  and  certain  other  ob- 
servations he  then  explains  why  even  this  small  result  is  only  ap- 
parent, and  does  not  depend  on  an  actual  diminution  in  the  capacity 
of  the  thorax,  which  is  absolutely  enlarged.  The  value  of  the  pro- 
cedure, he  says,  consists  in  the  removal  of  acute  and  subacute  alveolar 
ectasia  only.  It  follows,  then,  that  Schreiber  considers  expiration 
into  rarefied  air  to  possess  a  certain  value  if  the  acute  or  subacute 
alveolar  ectasia  of  which  he  speaks  is  the  condition  which,  as  emphy- 
sema progresses,  must  eventually  lead  to  the  constantly  increasing 
enlargement  of  the  alveoli.     Would  not  the  method,  therefore,  be  a 

*  Lebegoff.  t  Schlesinger. 

X  Lanz.  Randazzo,  Med.  Centralblatt,  1887,  No.  12. 
§  Zeitschr.  fiir  klin.  Med.,  vol.  xiii. 


TREATMENT.  351 

valuable  auxiliary  measure  to  counteract  the  development  of  em- 
physema? On  the  other  hand,  Schreiber  admits  that  there  are  certain 
drawbacks :  (1)  The  decrease  in  intrabronchial  pressure  brought  about 
b}^  expiration  into  rarefied  air  must  cause  a  more  abundant  afflux 
of  blood,  which  appears  to  be  practically  indispensable  in  emphy- 
sema*; (2)  the  results  of  the  treatment  are  often  only  evanescent, 
and  disappear  when  expiration  ceases.  In  severe  cases  expiration 
into  rarefictl  air  may  do  harm  by  increasing  the  work  necessary  for 
respiration. 

The  practical  result  of  all  these  reservations  would  seem  to  be 
that  an  emphysematous  subject  should  not  be  allowed  tomidergothe 
treatment.  If  it  is  desired  to  use  it  prophylactically  in  acute  and 
subacute  distention  of  the  lung,  there  may  be  no  objection  under  favor- 
able circumstances  and  in  the  case  of  sensible  persons  in  fairly  good 
health  who  have  time  and  money  to  spend.  In  most  cases,  however, 
the  method  is  too  expensive  and  too  uncertain,  and  is  not  as  effective 
as  simpler  methods.  I  am  inclined  to  prefer  the  latter,  particularly 
as  I  cannot  help  thinking  that  very  unequal  effects  must  be  produced 
in  different  portions  of  the  lungs  by  the  employment  of  the  apparatus. 
The  portions  that  are  weakest  and  most  diseased  are  probably  bene- 
fited least,  or  possibly  even  affected  unfaA'orably,  and  I  have  the 
distinct  impression  that  more  harm  than  good  is  done  with  these 
artificial  methods  of  treatment. 

If,  then,  there  is  some  virtue  in  the  use  of  Waldenburg's  apparatus, 
— and  in  view  of  the  numerous  reports  of  favorable  results  and  the 
enthusiasm  that  prevailed  at  the  time  I  am  not  prepared  to  den}^  it, — 
the  success  is  to  be  attributed  in  part  to  suggestion  and  in  part  to  the 
fact  that  the  patients,  in  using  the  apparatus,  go  through  a  kind  of 
respiratory  gymnastics  w^hich  we  are  still  constanth^  in  the  habit  of 
using  with  as  much  benefit  as  confidence.  The  beginning  of  respira- 
tory gymnastics  consisted  in  simple  compression  of  the  thorax. 
Gerhardt  f  proposed  to  have  the  patient  go  through  respiratory  ex- 
ercises while  an  assistant,  during  expiration,  compressed  the  inferior 
and  lateral  portions  of  the  thorax.  The  proposition  was  well  received, 
and  has  since  been  further  developed.  It  later  led  to  the  construc- 
tion of  the  breathing  chair  of  Rossbach.  The  patient  sits  on  this 
contrivance  and  by  means  of  two  levers  to  which  broad  straps  are 
attached  compresses  the  lower  portion  of  the  thorax  at  each  expira- 
tion. | 

Ivanhofff  used  Rossbach 's  chair  in  the  treatment  of  ten  emphy- 
sematous patients,  and  reports  that  the  circumference  of  the  thorax 

*  Some  authorities  consider  the  stimulation  of  the  circulation  an  advantage, 
and  personally  I  am  not  inclined  to  regard  it  with  suspicion. 

t  Berliner  klin.  Wochenschr.,  1873. 

X  A  full  description  of  this  apparatus  will  be  found  in  Klin.  Cenfralblatt,  1887, 
p.  31,  Supplement. 

§  Dissertation,  St.  Petersburg. 
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was  diminished  on  the  average  by  0.5,  while  the  pulmonary  capacity 
was  increased  by  350  to  930  c.c. 

Striimpell  recommends  a  simpler  and  much  cheaper  apparatus 
consisting  of  two  boards  joined  at  one  extremity  b)"  an  elastic  band. 
The  boards  are  applied  to  the  sides  of  the  thorax,  the  patient  takes 
hold  of  the  anterior  extremities  and  brings  them  together  at  each 
expiration,  thus  compressing  the  thorax  laterally.  Langerhans  * 
added  a  pneumatic  rubber  padding  to  the  inner  surface  of  the  boards 
and  used  the  apparatus  extensively  in  my  clinic. 

Schreiber  recommends  uniform  compression  of  the  thorax  by  means 
of  elastic  corsets.  The  abnormal  emphysematous  breathing  he  claims 
is  thus  rendered  practically  normal.  Expiration  is  facilitated  and 
accelerated,  inspiration  is  somewhat  prolonged,  and  the  respiratory 
pause  make  its  appearance.  He  shows  by  means  of  mensuration  and 
spirometry  that  by  wearing  the  corset  a  diminution  of  the  thorax 
is  brought  about  which  exceeds  that  which  can  be  produced  spon- 
taneously in  the  expirator}^  position.  This  therapeutic  effect  can 
be  temporarily  enhanced  by  simultaneous  expiration  into  rarefied  air.f 
Another  form  of  compression  by  means  of  a  girdle  was  practised  by 
Steinhoff.J 

As  early  as  1883  Feris  §  recommended  a  bandage  similar  in  form 
to  a  double  hernial  truss;  the  two  pads  were  so  applied  as  to  exert 
pressure  in  front  on  the  upper  intercostal  spaces,  and  in  this  way  are 
said  to  diminish  the  dyspnea.  I  have  had  no  experience  with  these 
various  forms  of  compression  apparatus  nor  have  I  ever  met  any  em- 
physematous patients  who  had  worn  them  permanently  or  had  any- 
thing to  say  in  their  favor. 

The  dangers  that  have  been  attributed  to  this  method — namely, 
a  tendency  to  hemoptysis,  vertigo,  and  albuminuria — are  to  be 
dreaded  only  when  the  manipulations  are  performed  carelessly  or 
with  excessive  violence.  Simple  compression,  as  advised  by  Ger- 
hardt,  has  long  been  abandoned,  but  respiratory  exercises  are  destined 
to  remain  as  a  valuable  therapeutic  aid.  None  of  these  mechano- 
therapeutic  methods  are  to  be  employed  in  very  old  or  very  feeble 
patients,  or  in  persons  with  cardiac  disease  or  a  tendency  to  hemop- 
tysis. 

I  am  convinced  that  with  the  persistent  use  of  respiratory  gymnas- 
tics, supplemented  by  moderately  active  hydrotherapeutic  measures, 
adapted  to  the  age  and  strength  of  the  patient,  much  good  can  be 
accomplished.  These  principles,  which  I  laid  down  in  the  first  edition 
of  my  lectures  on  "Allgemeine  Therapie,"  will  be  found  more  fully 
elaborated  and  emphatically  inculcated  in  my  numerous  later  writings. 
Generally  speaking,  the  use  of  any  apparatus,  and  particularly  the 

*  Zeitschr.  fur  diatetischz  und  physikalische  Therapie,  vol.  ii. 
t  I  take  exception  to  this  statement  for  reasons  already  explained. 
J  His  method  is  fully  described  in  Berliner  klin.  Wochenschr.,  1890,  No.  40? 
and  additional  observations  are  found  in  the  same  periodical,  1892,  Nos.  31,  38. 
§  Societe  de  therapeutique,  July  12,  1883. 
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more  complicated  ones,  is  to  be  deprecated.  People  in  easy  circum- 
stances may  be  advised  with  a  clear  conscience  to  invest  in  them,  and 
they  will  no  doubt  use  them  with  enthusiasm  for  a  few  days  or  even 
weeks,  but  before  long,  when  the  hoped-for  miracle  fails  to  be  realized, 
the  apparatus  is  relegated  to  the  lumber-room.  The  essentials  in 
respiratory  gymnastics,  which  any  educated  physician  can  deduce 
for  himself  from  our  anatomic  and  physiologic  knowledge,  have  been 
collected  in  an  attractive  form  by  Hughes,*  and  his  book  may  be 
placed  in  the  patient's  hands  for  the  purpose  of  educating  him  in 
an  intelligent  and  persevering  employment  of  the  method.  Lan- 
'derer  f  also  gives  a  full  description  of  respiratory  gymnastics.  The 
simplest  form  consists  in  deep  breathing.  In  the  case  of  emphysema 
the  accessory  movements  that  are  especially  adapted  to  assist  ex- 
piration are  most  important;  all  tight  clothing  is  to  be  removed;  the 
exercises  should  be  performed  only  with  the  mouth  closed.  The 
fundamental  rule  is,  that  movements  in  which  the  arms  are  moved 
away  from  the  chest  assist  inspiration,  while  movements  in  which 
the  arms  are  brought  near  the  chest  assist  expiration,  whether  the 
movements  be  active  or  passive.  In  ordinary  cases  the  patient  may 
hold  a  Ught  dumbbell,  weighing  about  one  pound,  in  each  hand  and 
raise  the  arms  from  the  ordinary  position  at  the  sides  to  the  horizontal 
position;  the  hands  are  then  brought  into  supination,  palm  upward, 
and  during  this  movement  an  inspiration  should  be  taken.  The 
same  movements  are  then  repeated  in  the  inverse  order  until  the  arms 
are  brought  to  the  sides  of  the  body,  and  the  patient  then  bends  the 
knees  until  the  dumbbells  touch  the  floor.  During  this  movement 
an  expiration  is  performed. 

In  the  beginning  of  the  course  the  patient  must  rest  even  after  a 
single  movement,  and  I  have  come  to  regard  six  inspiratory  move- 
ments of  this  kind  as  a  very  respectable  performance  that  should  not 
be  exceeded  by  most  emphj^sematous  patients.  In  many  cases  it 
is  better  not  to  order  the  entire  movement,  but  to  use  only  the  eleva- 
tion of  the  arms  or  the  bending  of  the  knees.  If  the  movement  is  con- 
fined to  elevation  of  the  arms,  a  staccato  expiration  consisting  of  two 
or  three  brief  vigorous  contractions  of  the  abdominal  muscles  is  to  be 
recommended  at  the  end  cf  the  ordinary  expiration. 

The  number  of  movements  to  be  performed  is  to  be  accurately 
prescribed  by  the  physician.  To  insure  their  being  carried  out 
regularly  and  correctly,  the  patient  must  go  through  his  exercises 
regularly  under  the  physician's  supervision.  After  a  time,  when  the 
patient  has  been  fairly  well  trained,  the  physician  ma}^  give  him  a 
similar  form  of  exercises  to  go  through  at  different  periods  of  the  day 
when  the  physician  cannot  be  present,  the  frequency  of  the  move- 
ments and  the  duration  of  the  pauses  to  be  accurately  prescribed. 
But  he  must  always  retain  a  sharp  control,  as  later  on  the  patient  is 
inclined  to  sin  quite  as  much  through  neglect  as  he  was  in  the  begin- 

*"Lehrbuch  der  Athmungsgymnastik,"  Wiesbaden,  1893. 
t  "  Mechano-Therapie,"  Leipzig,  1894. 
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ning  to  overdo  the  exercises.  In  all  the  larger  cities  institutes  are  now 
found  in  which  exercises  of  this  kind  can  be  carried  out  successfully 
under  a  competent  teacher.  Among  these  institutions  are  the  Zander 
institutes,  and  exercises  with  Zander's  apparatus  may  often  be  added 
to  the  treatment  mth  advantage  if  cardiac  weakness  is  to  be  combated 
at  the  same  time.  The  principles  that  underlie  the  exercises  directed 
to  the  invigoration  of  the  heart  will  not  be  discussed  in  this  place, 
but  must  nevertheless  always  be  borne  in  mind. 

The  following  method,*  recently  proposed  by  Gerhardt,  may  be 
found  useful  in  certain  cases:  The  patient  lies  prone  with  the  arms 
crossed  on  the  back  and  the  soles  of  the  feet  pressed  against  the  foot 
of  the  bed,  or  wdth  the  toes  bmied  in  the  mattress ;  a  small  pillow  is 
interposed  between  the  upper  portion  of  the  chest  and  the  mattress, 
while  another  pillow  supports  the  forehead.  The  patient  is  told  to 
breathe  deeply  and  at  each  expiration  to  extend  the  ankle-joint 
forcibly  so  as  to  press  the  chest  against  the  pillow.  This  method 
reminds  me  of  the  history  of  an  emphysematous  patient  of  Schmidt- 
lein's  who  always  felt  most  comfortable  w^hen  he  w^as  lying  on  his 
stomach.  As  a  rule,  these  patients  do  not  like  the  prone  position, 
so  that  the  method  of  Gerhardt  will  probably  not  be  applicable  in  a 
very  large  circle  of  patients. 

In  the  constant  endeavor  to  improve  on  the  results  obtained  with 
expiratory  gymnastics,  massage  of  the  thorax  was  gradually  added. 
It  is  undeniable  that  all  kinds  of  unpleasant  subjective  symptoms 
can  be  removed  by  this  procedure.  When  there  are  rending  or 
lacerating  pains  in  the  chest,  massage  is  often  of  great  advantage; 
but  the  extravagant  claims  that  the  circulation  in  the  rigid  w^alls  can 
be  improved  and  their  elasticity  restored  are  quite  properly  received 
with  suspicion.  If  the  patient  is  wealthy  enough  to  afford  it,  there  is 
no  objection  to  trying  what  a  prolonged  course  of  massage  will  do. 
As  a  rule,  subjective  symptoms  are  greatly  improved,  the  patient 
himself  is  satisfied,  and  the  suggestion  of  the  masseur,  who  is  naturally 
interested  in  the  success  of  the  treatment,  is  not  to  be  despised  either. 
Other  authorities  even  maintain  that  a  good  effect  is  exerted  directly 
on  the  circulation  in  the  lungs,  but  I  think  this  is  a  mistake.  Such 
an  effect  might  possibly  be  produced  with  the  aid  of  concussion  mas- 
sage, which  is  performed  with  the  so-called  "concussor."  With  this 
apparatus,  which  is  unquestionably  not  without  value  in  physical 
therapeutics,  and  which  I  have  often  used  with  great  advantage  in 
the  public  clinic,  it  is  possible  to  bring  about  a  number  of  small  concus- 
sions in  rapid  succession  that  are  not  confined  to  the  smiace  but  also 
affect  the  deeper  tissues.  Its  use  is  not  attended  by  any  discomfort 
or  pain,  as  is  frequently  the  case  in  other  forms  of  massage;  on  the 
contrary,  the  patients  assert  that  the  concussion  is  agreeable  and 
makes  them  feel  better.  Its  effect  on  the  thorax  is  quite  as  favorable 
as  that  of  the  ordinary  method  of  massage,  and  it  undoubtedly  exerts 
more  influence  on  the  pulmonary  tissues,  at  least  on  the  superficial 

*  Zeitschr.  fur  didtetische  und  physikalische  Therapie,  vol.  i,  No.  1. 
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layers,  so  that  it  is  quite  possible  that  it  may  stimulate  the  circula- 
tion and  favorably  influence  the  nutrition.  Next  to  respiratory 
gymnastics,  I  should  coasider  this  method  as  specialh'  worthy  of 
thorough  and  persevering  trial. 

A  more  trustworthy,  not  to  say  absolutely  indispensable,  auxil- 
iary in  the  treatment  of  emphy.sematoas  patients  is  found  in  hydro- 
therapy. I  have  long  been  in  the  habit  of  sending  these  patients 
to  hydrotherapeutic  institutions  and  find  the  practice  very  satisfac- 
tory. The}'  usually  carry  away  with  them  one  or  more  of  the  pro- 
cedures that  have  been  used  on  them,  choosing  the  one  that  they  find 
most  agreeable,  and  use  it  again  and  again  at  home.  Brief  affusions 
and  douches  at  various  temperatures,  and  a  cold  rub  or  partial  packs, 
are  always  useful  and  are  often  followed  by  brilliant  results.  The 
good  effects  acliieved  are  readily  understood.  It  is  to  be  borne  in 
mind  how  important  for  the  emphysematoas  patient  is  the  favorable 
influence  on  the  heart  which  always  attends  hydrotherapeutic  pro- 
cedm'es. 

Compresses  and  inunctions  to  the  thorax  are  employed  partly  to 
alleviate  pain  and  partly  to  combat  dyspnea:  For  the  alle^•iation  of 
pain  warm  poultices,  the  Priessnitz  compress,*  and  inunctions  of 
chloroform  oil  and  saUcylic  acid  t  are  cliiefly  used,  and  are  found  to 
give  the  patient  great  relief.  Dyspnea  is  treated  with  mustard 
plasters  and  occasionally  with  the  aid  of  acupimcture. 

Mineral  waters  play  an  important  part  in  the  treatment  of  emphy- 
sema. Their  chief  utiUty  depends  on  the  same  principles  that  have 
induced  me  to  reconmaend  them  in  bronchitis,  and  the  reader  is 
referred  to  what  I  have  said  in  that  comiection.  In  many  cases  direct 
laxative  cures  are  recommended,  and  the  patients  are  then  sent  to 
Carlsbad,  Marienbad,  Hombm-g,  and  other  similar  resorts.  The 
patients  for  whom  these  waters  are  suitable  are  usually  recognized 
at  once  by  the  fact  that  they  have  always  been  great  admirers  of 
aloes  and  rhubarb.  Of  course,  these  water  cures  have  no  specific 
influence  on  emphysema,  but  the  large  number  of  cases  in  which  the 
emphysema  is  combined  with  obesity  and  the  heart  still  retains 
its  vigor  are  pecuharly  adapted  for  this  form  of  treatment. 

Numerous  medicinal  agents  are  used  in  emphysema,  but  their 
effects  are,  of  course,  merel}'  symptomatic;  nevertheless  they  are 
often  of  great  value,  and  in  the  advanced  stages  absolutely  indis- 
pensable. What  has  been  said  in  regard  to  drugs  in  connection  vnxh 
bronchitis  and  asthma  should  be  carefully  read,  and  as  I  should  only 
have  to  repeat  in  the  main  what  I  have  already  said  imder  that  head, 
I  shall  cut  the  present  description  short  and  pass  over  the  expectorants 
in  silence. 

Nux  vomica  is  said  to  influence  the  smooth  muscles,  and  this  is 

*  Or  the  Japanese  warming-pan,  the  thermophore. 

t  Ten  per  cent,  in  vasogen  (vasogenum  spissum)  to  be  rubbed  in  and  covered 
with  cotton.     A.  W.  Muller,  "Therapie  der  Gegenwart,"  1899. 
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undoubtedly  true ;  but  how  long  can  we  expect  to  lighten  the  burden 
of  the  bronchi  by  such  artificial  stimulation? 

Digitalis  is  always  a  useful  symptomatic  remedy  in  advanced 
cases,  in  which  the  heart  and  circulatioi|i  have  begun  to  suffer.  Stro- 
phanthus  and  caffein  are  also  useful  drugs  in  the  same  condition. 

In  the  senile  forms  of  emphysema  alcohol  is  a  valuable  auxiliary 
remedy.  Sometimes  mild  chalybeate  i)reparations  may  be  added 
with  advantage. 

Calomel,  which  was  highly  lauded  by  Stokes,  finds  its  usefulness 
in  the  cyanotic  form  of  the  terminal  stage.  T  regard  it  as  a  dangerous 
remedy,  unsuitable  in  private  practice.  In  the  worst  cases  one 
always  has  to  fall  back  on  our  old  and  tried  narcotics,  of  which 
morphin  is  of  course  the  most  important.  Numerous  competitors 
have  recently  appeared;  among  them  codein,  heroin,  peronin,  and 
dionin. 

Heroin  has  received  as  much  praise  as  condemnation;  after  it  had 
been  found  to  act  well  in  a  series  of  cases,  its  use  was  occasionally 
followed  by  unpleasant  and  unlocked  for  after-effects,  and,  although 
even  our  best  and  most  trustworthy  remedies  are  not  quite  free  from 
this  reproach,  it  is  especially  necessary  in  the  case  of  heroin  to  enjoin 
caution  and  to  begin  with  small  doses.  It  necessarih^  follows,  how- 
ever, that  the  effect  must  always  be  more  or  less  doubtful. 

Codein  has  been  known  for  some  time ;  it  has  recently  been  brought 
to  our  attention  again  by  artificial  means.  It  is  always  a  valuable 
remedy  in  cases  where  there  is  reason  to  dread  the  effects  of  the 
continued  use  of  morphin,  and  wherever  a  change  is  desirable.  It 
can  only  be  given  internally,  as  subcutaneous  injections  are  always 
very  painful. 

Dionin  appears  to  be  a  remedy  that  deserves  a  good  deal  of  interest; 
it  is  chlorid  of  ethyl — 

— easily  soluble  in  water  (1  :  7),  alcohol,  and  syrup,  and  in  doses  of 
0.002  to  0.004  (^  to  -^  grain)  for  children  from  three  to  twelve 
years  of  age  and  0.002  to  0.02  (g^-  to  ^  grain)  for  adults,  acts  as 
promptly,  on  the  average,  as  morphin;  the  dose  must  be  increased 
gradually.  In  cases  where  morphin  has  already  been  used  for  some 
time,  dionin  loses  its  effect.  Like  morphin,  dionin  is  very  well 
adapted  for  subcutaneous  injection.  It  is  said  to  possess  advantages 
over  morphin  in  that  it  is  not  as  likely  to  produce  the  drug  habit; 
that  a  tendency  to  palpation  and  a  feeling  of  pressure  in  the  head 
are  observed  more  rarely  than  in  the  case  of  morphin ;  and  that  it  has 
a  favorable  effect  on  the  night-sweats  of  phthisis  (Jarisch),  while 
morphin  usually  has  the  opposite  effect.  Jarisch  prefers  it  to  morphin 
in  the  treatment  of  emphysema  and  asthma,  for  the  reason  especially 
that,  according  to  his  experience,  the  amplitude  of  the  respiratory 
movements  is  materially  diminished  during  the  use  of  morphin  or 
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heroin;  while  if  codein  is  used,  the  depth  of  the  respiratory  move- 
ments is  shghtl}^  increased,  and  (hiring  the  administration  of  dionin 
the  increase  is  still  greater.  Ox3'gen  absorption  and  carbon  dioxid 
proiluction  are  increased  in  ])roportion  to  the  increase  in  the  respira- 
tory labor.  This  result  harmonizes  with  the  interesting  statements 
of  Winternitz,*  who  asserts  that  heroin  distinctly  diminishes  the 
irritability  of  the  respiratory  center,  as  shown  by  the  fact  that  the 
amjilitude  and  frequency  of  respiration  are  diminished,  while  codein 
or  dionin  do  not  produce  the  same  effect.  In  this  respect  heroin  acts 
precisely  like  morphin,  in  regard  to  which  Filehue  reports  the  same 
observation.  One  must  not  be  misled  by  these  theoretic  results  to 
say  offhand  that  morphin  is  unsuitable  in  bronchitis,  emphysema, 
painful  cough,  and  conditions  of  dyspnea,  and  should  be  aban- 
doned for  dionin;  such  hasty  conclusions  are  dangerous,  as  ever}' 
one  sufficiently  knows.  Niemeyer  has  rightly  said  that  morphin  is 
an  excellent  expectorant,  and  such  it  will  remain  in  spite  of  all  theo- 
retic speculations.  The  superiority  of  dionin  must  be  proved  at  the 
bedside,  and  cannot  be  deduced  theoretically  from  laboratory  ex- 
periments. I  shall  not  say  any  more  than  that  dionin  and  morphin 
are  not  quite  equivalent,  and  that  the  former  may  in  certain  cases 
be  the  better  drug.  I  believe,  however,  that  morphin  is  certainly 
to  be  preferred  in  a  conservative  course  of  treatment,  and  to  use 
dionin  as  a  supportive  measure  in  connection  with  mechanotherapy 
seems  to  me  absolutely  wrong.  Jarisch's  words,  "especially  in  the 
mitral  stages  of  phthisis  and  when  codein  or  dionin  often  have  to  be 
used  for  considerable  periods,"  suffice  to  show  that  we  are  antipodes 
so  far  as  therapeusis  is  concerned.  On  the  other  hand,  it  would  appear 
from  the  practical  results  obtained  by  Korte,t  Freymuth,  and  Jenisch 
that  dionin,  so  far  as  we  know,  should  find  a  place  among  symptomatic 
remedies  to  be  recommended  in  severe  cases  of  emphysema  for  the 
purpose  of  further  trial.  The  use  of  paraldehyd  is  distinctly  to  be 
deprecated.  { 

In  the  cyanotic  form  of  the  terminal  stage  puncture  of  the  lower 
extremities,  if  they  are  swollen  and  edematous,  is  often  followed  by 
great  relief,  and  is  therefore  to  be  recommended  in  all  cases  even  if 
it  only  has  the  effect  of  prolonging  life  by  a  short  period.  In  very 
cachectic  patients  puncture  may  directly  hasten  the  fatal  termination. 

The  older  physicians  sometimes  recommended  venesection  for  the 
relief  of  marked  congestive  phenomena  in  patients  that  were  not  too 
greatly  debilitated,  and  the  procedure  is  perhaps  not  without  some 
value. 

*  "  Therapeutische  Monatshefte,"  1899. 
t  "  Therapeutische  Monatshefte,"  1899. 
t  RoUeston,  Med.  Centralblatt,  1889. 
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COMPENSATORY  EMPHYSEMA. 

PATHOGENESIS* 

This  condition  cannot  be  regarded  as  an  idiopathic  and  well- 
defined  disease.  A  great  variety  of  pulmonary  diseases  in  which  por- 
tions of  the  bronchial  tree  are  almost  or  quite  impermeable  to  air  are 
attended  with  the  production  of  circumscribed  emphysema,  just  as 
diffuse  disease  of  the  bronchi  is  followed  by  the  production  of  diffuse 
emphysema.  But  as  it  appears  obvious  that  distention  of  the  lung 
takes  place  in  portions  that  were  not  primarily  diseased,  and  that  the 
purpose  of  this  distention  is  to  fill  out  the  vacuum  which  is  left  by  the 
failure  of  the  diseased  portion  to  expand,  the  conception  that  the 
distended  portions  perform  the  work  that  the  diseased  portions  fail 
to  do  suggests  its  nature,  and  thus  the  name  compensatory  emphy- 
sema was  introduced.  The  essential  part  of  the  definition,  therefore, 
is  that  tissue  which  was  previously  healthy  has  become  emphyse- 
matous. The  direct  result  of  this  definition  is  the  view  that  the 
elasticity  of  the  lung  can  be  permanently  injured  simply  by  exces- 
sive inspiratory  efforts,  a  view  which  I  was  unwilling  to  accept  in  the 
case  of  primary  emphysema. 

In  this  connection,  also,  I  adhere  to  the  stand  I  have  taken. 
Even  though  this  view  corresponds  in  the  main  with  Andral's  ex- 
position of  the  matter,*  and  has  found  many  supporters,  I  do  not 
regard  it  as  at  all  certain  that  the  distention  really  affects  portions 
of  the  lung  that  are  absolutely  sound.  Such  a  view  would  imply  (1) 
that  circumscribed  diseases  may  exist  in  the  lung  without  influencing 
the  integrity  of  neighboring  parts,  a  possibility  that  seems  to  me 
extremely  improbable;  (2)  that  the  organism  regulates  the  degree  of 
respiratory  effort  according  to  its  need  for  oxygen  without  any 
regard  to  the  condition  of  the  lungs,  an  assumption  that  also  offends 
my  notions  of  biologic  processes. 

That  the  expanding  thorax  is  not  entirely  independent  of  the 
distending  power  of  the  lungs,  and  that  the  mechanism  must  be  pro- 
vided with  some  regulating  apparatus,  is  evident,  for  example,  in 
many  cases  in  which  one  side  or  part  of  one  side  remains  immovable 
during  respiration  because  the  portion  of  the  subjacent  lung  is  in- 
filtrated and  cannot  expand.  This  occurs,  for  example,  in  cases  of 
recent  pneumonia  where  the  presence  of  contraction  or  adhesions  is 
still  out  of  the  question. 

I  do  not,  therefore,  admit  that  the  unqualified  inspiration  theory 
is  sufficient  to  explain  the  production  even  of  compensatory  emphy- 
sema; how^ever,  I  am  wilhng  to  admit  that  it  is  relatively  most  im- 
portant in  this  form  of  the  disease.     I  will  also  admit  that  cases  of 

*  Andral,  "  Clinique  med..,"  vol.  iii,  1st  edition,  p.  62;  see  also  Gairdner, 
Archives  Generales,  1854,  vol.  ii. 
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sudden  and  profound  disturbances  may  sometimes  occur  in  which  the 
utmost  efforts  at  com})ensation  and  correction  are  inadequate,  and 
the  course  rapidly  follows  the  schedule  of  compensatory  distention. 
This  happens,  for  example,  when  a  large  jjortion  of  the  lung  suddenly 
loses  its  power  of  distention,  so  that  the  entire  negative  pressure  (suc- 
tion power)  of  the  thorax  is  exerted  on  a  comparatively  small  portion 
of  the  lung,  as  in  sudden  occlusion  of  the  main  bronchus,  embolism 
in  a  branch  of  the  pulmonary  artery  supplying  a  large  portion  of  the 
lung,  and  extensive  infiltrations  of  ver}^  sudden  development.  But 
e\'en  such  cases  are  not  free  from  suspicion,  as  it  is  not  probable  that 
the  portions  of  the  lung  that  are  not  involved  in  the  disease  escape 
without  edema  or  some  marked  circulatory  disturbance;  and  it  is 
well  known  that  any  form  of  edema  leads  to  acute  pulmonary  dis- 
tention. 

I  myself  saw  a  case  of  mediastinal  tumor  in  which  the  gro^\i;h  of  the 
neoplasm  rapidly  produced  occlusion  of  the  main  bronchus;  the  other 
lung  became  cUstended  so  rapidly  as  to  suggest  the  presence  of  pneumo- 
thorax. 

The  rule  is  that  compensatory,  like  primarv^  emphysema,  is  pro- 
duced by  various  injuries,  often  acting  together,  during  both  in- 
spiration and  expiration,  and  by  disturbances  of  the  circulation.  It 
is  therefore  not  characteristic  of  this  particular  form  of  emphysema 
to  develop  in  sound  tissue;  only,  as  a  rule,  a  focal  disease  exists  in 
the  lung  which  dominates  the  clinical  picture  and  determines  its 
natiu"e.  The  reaction  of  this  focal  disease  on  the  remaining,  healthy 
tissue  of  the  lung  in  a  number  of  cases  leads  to  the  development  of 
compensatory  emphysema  in  the  soimd  tissue  through  the  medium 
of  various  conditions,  such  as  catarrh  or  edema,  that  interfere  with 
the  free  ventilation  in  the  bronchi.  Quite  often  it  amounts  to  no 
more  than  an  acute  distention  of  the  limgs  developing  in  the  last  hours 
or,  at  most,  in  the  last  days  preceding  death.  Such  a  condition  is 
observed  particularly  in  acute  pulmonary  edema,  or  in  hemoptysis 
w^hen  the  blood  coming  from  the  seat  of  the  hemorrhage  is  aspirated 
into  the  various  portions  of  the  bronchial  tree.  Care  is  therefore 
necessary  in  interpreting  an  emphysema  found  at  the  autopsy. 

The  fallacy  of  the  belief  that  this  purely  mechanical  explanation 
applies  in  all  cases  is  shown  by  the  fact  that  in  many  indi\dduals  a 
large  portion  of  the  lung  becomes  atrophic  in  earliest  youth  without 
the  remaining  portions  becoming  emphysematous,  as  would  neces- 
sarily follow  if  the  theory  w^ere  correct.  Numerous  cases  of  this 
kind  have  been  described,*  and  the  reports  of  Recklinghausen  and 
Coats  are  particularly  convincing.  The  sound  lung  becomes  hyper- 
trophic, and  is  thus  able  to  equalize  defects  of  considerable  magnitude. 
The  two  sides  of  the  thorax  will  appear  equally  well  developed  although 
one  lung  is  wanting.  Youth  is  probably  an  important  factor  in  this 
mechanism.     In  advanced  age  a  curative  hj^pertrophy  of  this  kind 

*  For  an  analysis  of  cases  see  Schuchard,  Virchow's  Archiv,  vol.  cl,  p.  71. 
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can  hardly  be  expected ;  possibly  such  a  condition  may  take  place 
during  the  third  decade  of  life.  There  is  a  complete  dearth  of  exact 
observations  on  this  point,  although  the  question  possesses  consider- 
able interest  in  connection  with  the  cure  of  phthisis.  Some  thera- 
peutists speak  of  hj^pertrophy,  others  of  compensatory  emphysema. 
The  question  is  whether  the  former  has  really  been  clearly  established ; 
the  latter  is  demonstrated  daily  at  the  autopsy  table. 

In  any  well-marked  case  of  tuberculosis  of  both  upper  lobes  an 
increase  in  the  volume  of  the  lower  lobes  is  usually  present.  The 
lungs  invade  the  complementary  spaces  and  force  the  diaphragm 
directly  downward — for  in  reality  they  do  force  the  diaphragm  down- 
ward, although  of  course  expansion  is,  in  the  first  place,  made  pos- 
sible only  by  an  energetic  inspiratory  movement  on  the  part  of  the 
diaphragm  drawing  the  air  outward  into  the  lower  portions  of  the 
lungs,  and  the  depression  of  the  diaphragm  is  due  to  the  fact  that 
the  lungs  fail  to  regain  their  original  volume.  This  mechanism 
clearly  shows  that  the  enlargement  of  the  lungs  does  not .  depend 
merely  on  the  walls  of  the  cavity, — the  thorax  and  the  diaphragm,— 
but  represents  an  active  movement,  inasmuch  as  they  are  capable 
of  resisting  contraction.  If  they  are  able  to  do  this,  however,  it  is 
because  of  some  lesion  impeding  the  exit  of  air  from  the  bronchi 
and  alveoli,  either  an  accumulation  of  mucus  or  a  diminution  in  the 
elasticity  of  the  tissues.  This  practically  brings  us  back  to  the  point 
of  view  which  was  defined  in  the  discussion  on  diffuse  emphysema; 
there  is  no  sharp  dividing-line  between  primary  and  compensatory 
emphysema,  the  two  terms  are  mischievous  in  so  far  as  they  tend  to 
maintain  a  one-sided  view  of  the  question. 


VARIETIES  AND  DISTRIBUTION. 

As  emphysema  manifests  itself  in  various  forms,  a  classification 
has  been  introduced. 

1,  Bullous  Marginal  Emphysema. — This  occurs  practically  only 
at  the  edges  of  the  lung,  and  may  be  characterized  by  the  formation 
of  blebs  varying  in  size  from  that  of  a  hazelnut  to  that  of  a  lemon. 
They  are  frequently  pedunculated  and  the  walls  are  covered  with  a 
thick  layer  of  pleura,  but  they  are  almost  never  adherent  to  the  cos- 
tal pleura. 

2.  Lobar  Emphysema. — This  develops  in  connection  with  atelec- 
tasis of  an  entire  pulmonary  lobe;  does  not,  as  a  rule,  attain  a  high 
degree  of  severity;  and,  more  than  any  other  variety,  suggests  that 
healthy  portions  of  the  lung  have  undergone  distention  because  a 
large  portion  of  the  tissue  has  become  contracted  and  lost  its  func- 
tional activity  from  disease.  Cases  of  lobar  emphysema  are  noted 
particularly  in  the  atelectasis-  of  kyphotic  individuals,  in  chronic 
tuberculosis,  in  contractions  and  adhesions  following  extensive 
pleurisy,  and  in  fibrinous  bronchitis.     The  group  also  includes  the 
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emphj'seiiui  which  in  children  suffering  from  pneumonic  disease  of 
the  posterior  and  inferior  portions  of  the  lung  develops  in  the  anterior 
and  upper  portions  of  both  lungs,  especially  when  the  dyspnea  is 
great.  It  is  also  caused  by  other  lung  affections  in  children.  Numer- 
ous examples  are  cited  by  Hervieux,*  and  Rilliet  and  Barthez  have 
also  observed  it. 

Rachitic  changes  in  the  walls  of  the  thorax,  like  kyphosis,  are 
almost  regularly  accompanied  by  emph3'sema  of  large  portions  of 
the  lungs  which  in  their  development  rationally  follow  the  com- 
pensatory dilatation  of  the  thorax.  The  term  compensatory  emphy- 
sema is  applied  to  these  forms  with  special  preference. 

3.  Lobular  Emphysema. — ^This  occurs  in  the  tissue  surrounding 
small  multiple  foci,  and  possesses  only  a  pathologic  interest. 

It  is  met  most  commonly  in  tuberculosis;  it  also  occurs  in  chronic 
bronchopneumonia ;  in  peribronchitis,  particularly  in  the  variety  due 
to  pneumonokoniosis ;  in  chronic  pleurisy  and  its  remains;  in  tumors; 
in  atelectatic  foci  of  limited  extent,  such  as  particularly  accompany 
valvular  disease  ^^dth  brown  induration.  It  is  seen  most  rarely  in 
connection  wdth  gangrenous  foci  or  bronchiectatic  ca^dties. 

An  exhaustive  paper  on  the  subject  of  emphysema  in  tuberculosis 
has  been  contributed  by  Gallard.f  Compensatory  emphysema  mani- 
fests itself  in  a  variety  of  forms  in  tuberculosis.  A  certain  interest 
is  attached  to  the  condition  from  the  fact  that  it  has  been  thought 
by  some  to  indicate  a  curative  effort  on  the  part  of  nature.  I  agree 
with  Gallard  that  the  effort,  if  it  exists,  is  certainly  not  a  favorable 
one.  If  a  certain  amount  of  lung-tissue  has  been  lost  and  a  vacuum 
is  to  be  filled,  depression  of  the  walls  of  the  thorax  and  elevation  of 
the  diaphragm  will  accomplish  it  much  more  successfully. 

The  acute  pulmonary  distention  that  sometimes  develops  in 
patients  who  die  with  the  symptoms  of  intense  dyspnea  in  the  last 
days  of  life  or  during  the  agonal  period  must  be  distinguished  as  a 
special  form.  The  usual  cause  is  pulmonary  edema.  The  rule  already 
laid  down  in  connection  with  primarj''  emphysema  may  be  followed 
here  as  well.  An  emphysema  should  be  declared  to  exist  only  when 
the  condition  in  question  has  lasted  at  least  a  week. 


SYMPTOMS. 

A  slight  partial  emphysema  in  itself  produces  no  symptoms.  If 
it  becomes  extensive,  the  symptoms  of  diffuse  emphysema  make  their 
appearance,  the  severity  being  in  direct  proportion  to  the  extent  of 
the  disease.  If  it  is  confined  to  one-half  of  the  lungs,  as  happens 
in  some  interesting  cases,  the  symptoms  must,  of  course,  be  confined 
to  that  region.  I  need  not  go  into  the  details  of  the  symptomatology 
again. 

*  Archives  generales,  .June,  1861.     The  paper  is  marred  by  the  fact  that  vesicular 
and  interstitial  emphysema  are  grouped  together, 
t  Archives  generales,  1854,  vol.  11. 
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It  is  said  that  a  circumscribed  tympanitic  area  is  always  found 
when  there  is  a  small  focus  of  emphysema ;  but  I  do  not  believe  that 
this  sign  is  often  present.  The  word  tympanitic  is  often  used  very 
loosely,  and  I  am  convinced  that  it  is  not  infrequently  incorrectly 
used. 

PROGNOSIS. 

The  prognosis  of  partial  emphysema  is,  of  course,  the  same  as 
for  the  diffuse  variety,  provided  the  emphysema  is  sufficiently  ex- 
tensive. A  small  area  of  emphysema  is  quite  without  danger.  It 
may  be  said  that  whenever  emphysema  is  extensive  enough  to  be 
readily  and  positively  demonstrated,  it  is  harmful;  if,  on  the  other 
hand,  it  is  so  limited  that  its  presence  can  only  be  inferred,  it  may  be 
disregarded.  As  a  general  rule,  these  forms  of  emphysema  are  not 
followed  by  any  sequels  such  as  are  observed  after  diffuse  emphysema. 
Cardiac  affections  especially  are  not  apt  to  develop. 

The  treatment  is  determined  entirely  by  the  dominant  disease; 
the  emphysema  itself  is  practically  neglected. 


INTERSTITIAL  EMPHYSEMA  OF  THE  LUNGS. 

PATHOGENESIS  AND  ETIOLOGY. 

Interstitial  or  interlobular  emphysema  of  the  lungs  is  produced 
by  laceration  of  the  mucous  membrane  of  a  bronchus  or  laceration 
of  the  alveoli  themselves.  The  air  penetrates  through  the  laceration 
into  the  connective  tissue  of  the  lung.  If  the  surface  of  the  lung 
is  torn,  a  pneumothorax  as  a  rule  develops ;  but  it  is  possible  for  the 
pleural  investment  to  afford  sufficient  resistance  to  allow  the  air  to 
accumulate  underneath  the  uninjured  pleura.*  If  the  layers  of  the 
pleura  are  adherent,  the  air  always  remains  underneath  the  pulmonary 
pleura.  It  is  conceivable  that  it  might  also  force  itself  into  the 
tissues  of  the  adhesions — that  is  to  say,  between  the  two  layers  of 
the  pleura ;  but,  so  far  as  I  know,  there  is  no  proof  of  this  occurrence. 
Nor  does  the  air  collect  underneath  the  costal  pleura.  If  the  lacera- 
tion is  near  the  root  of  the  lung,  the  air  may  enter  the  mediastinum 
directly  without  going  into  the  lung  or  pleura.  This  is  the  variety 
of  emphysema  that  usually  occurs  in  parturient  women.  It  begins  in 
a  laceration  at  a  definite  point  on  the  hilus,  extends  to  the  medias- 
tinum, and  ultimately  reaches  the  neck.  The  cases  reported  by 
Quincke,  Petersen,  and  Schotten  t  belong  to  the  same  variety. 
Mediastinal  emphysema  and  general  cutaneous  emphysema,  which  is 

*  Z.  B.  Grancher,  Union  med.,  1886,  No.  41. 
t  Berliner  klin.  Wochenschr.,  1884-86. 
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produced  wlieii  in  the  presence  of  adhesions  the  lung  ulcerates  and  a 
communication  with  the  subcutaneous  connective  tissue  is  established, 
so  that  emphysema  of  the  cutaneous  integument  is  formed  directly 
from  the  lung,  will  not  be  considered  in  this  article. 

First  and  abo\'e  all,  the  student  must  be  warned  not  to  mistake 
so-called  cadaver-emphysema  for  one  that  has  been  produced  during 
life.  The  pathologists  have  repeatedly  called  attention  to  the  danger 
of  this  mistake. 

Theoretically  distinctions  are  made  according  as  a  laceration  in 
the  lung  is  produced  by  a  traumatism,  a  morbid  process,  or  excessive 
exertion  during  coughing.  As  a  rule,  the  cough  is  the  final  cause, 
the  pulmonary  tissue  having  already  become  altered  by  traumatism 
or  a  morbid  process.  Nor  can  it  be  doubted  that  even  in  a  perfectly 
sound  lung  violent  cough  is  capable  of  producing  emphysema.  Owing 
to  the  great  variety  of  cases  that  occur,  some  classification  is  indis- 
pensable, although  cases  will  always  be  found  that  defy  all  attempts 
at  subdivision. 

Interlobular  emphysema  may  be  studied  under  the  following 
heads. 

1.  Emphysema  due  to  traumatism  in  the  narroiver  sense. 

(a)  Traumatism  acting  from  mthout,  such  as  a  stab  wound,  a 
blow,  or  contusion  of  the  chest.  The  external  cutaneous  integument 
may  be  quite  uninjured;  the  accident  has  been  especially  attributed 
to  the  effect  of  splinters  from  a  broken  rib,  but  there  have  been  plenty 
of  cases  without  injury  to  the  ribs  in  which  the  force  of  the  contusion 
alone  sufficed  to  bring  about  the  laceration.* 

(6)  Traumatism  acting  from  within.  A  knitting-needle  had 
entered  the  esophagus  and  had  become  wedged  crosswise.  After 
a  short  time  signs  of  cutaneous  emphysema  developed.  Two  weeks 
later  fever  set  in,  the  sputum  became  offensive,  pneumothorax  de- 
veloped, and  the  patient  died.  At  the  autopsy  there  was  found  inter- 
lobular emphysema  of  the  right  lung  in  which  the  point  of  the  needle, 
was  embedded. 

2.  Emphysema  due  to  forcible  insufflation.  This  case  might  be  in- 
cluded in  group  1,  (6).  Insufflation  was  formerly  a  common  practice 
for  the  purpose  of  resuscitating  infants  born  in  a  state  of  asphyxia. 
At  the  present  time  it  would  be  difficult  to  find  an  obstetrician  to 
indorse  the  method,  but  in  adults  the  direct  insufflation  of  air  is  still 
resorted  to  in  desperate  cases.  It  should  certainly  be  employed  with. 
great  care,  and  should  not  be  the  only  means  resorted  to,  but  should 
be  combined  with  the  external  methods  of  artificial  respiration. 

3.  Emphysema  due  to  foreign  bodies  in  the  air-passages. 

4.  Emphysema  due  to  pathologic  products  in  the  air-passages.     This 

*  Holmes,  Lancet,  1886,  vol.  i,  p.  879.  Hemoptysis,  extreme  dyspnea,  com- 
plete absence  of  respiration,  and  immobility  on  the  right  side  without  any  change 
in  the  percutory  note!  On  the  following  day  amphoric  breathing  (?) ;  no  sign  of  air 
or  fluid  in  the  pleura.  Recovery  with  areas  of  thickening  in  the  lung.  Thaal, 
Wiener  klin.  Wochenschr.,  1898. 
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class  includes  principally  tumors  in  the  trachea  and  the  false  mem- 
branes of  diphtheria. 

5.  Emphysema  due  to  external  violence  acting  on  the  air-passages. 
Strangulation  may  here  be  mentioned.  It  frequently  leads  to  em- 
physema. 

6.  Emphysema  due  to  voluntary  (morbid)  spasmodic  closure  of  the 
glottis.  This  group  includes  the  emphysema  of  parturient  women,  the 
emphysema  in  spasmodic  closure  of  the  glottis,  and  the  emphysema 
following  violent  efforts  of  coughing.  But  as  the  paroxysm  of  cough 
is  usually  dependent  on  some  definite  injury,  the  cases  ought  really 
to  be  included  under  1,  3,  and  4;  thus,  for  example,  a  paroxysm  of 
cough  following  the  inhalation  of  irritating  vapors  should  be  in- 
cluded under  3. 

7.  Emphysema  due  to  excessive  inspiratory  efforts. 

8.  Emphysema  due  to  pathologic  conditions  leading  to  perforation  of 
the  lung,  such  as  ulceration  occurring  in  phthisis,  abscess,  gangrene, 
and  in  connection  with  tumors  and  caseous  glands.*  This  subdivision 
cannot  always  be  separated  from  group  4. 

Group  7  calls  for  special  criticism.  A  case  observed  bj^  Virchow 
may  be  cited  in  this  connection.  The  man  had  shot  himself  in  the 
head  and,  owing  to  pressure  on  the  medulla  oblongata,  violent  in- 
spiratory movements  had  been  produced.  The  doubts  that  I  have 
expressed  in  regard  to  the  possibility  of  inspiration  alone  having  such 
an  effect  in  connection  with  vesicular  and  compensatory  emphysema 
do  not  apply  here.  There  are  places  in  the  lungs  that  unquestionably 
are  subjected  to  extreme  traction  in  any  forcible  respiratory  effort. 
They  are  found  particularly  where  the  pleurae  pass  from  the  lung  itself 
to  the  large  bronchi  and  adjoining  tissues.  These  areas  are  to  be 
designated  as  loca  minoris  resistentice.  Such  areas  may  be  produced 
by  external  causes,  and  it  follows  therefore  that  inspiratory  over- 
exertion alone  must  be  recognized  as  a  cause  of  interstitial  emphy- 
sema, although  I  denied  this  causation  in  the  case  of  vesicular  em- 
physema. 

As  regards  the  pulmonary  affections,  it  may  be  stated  a  priori 
that  any  affection  of  the  lungs  may  occasionally  lead  to  interstitial 
emphysema ;  but  those  diseases  are  to  be  particularly  feared  that  give 
rise  to  violent  paroxysms  of  cough.  Interstitial  emphysema  is  prin- 
cipally observed  after  phthisis,  not,  however,  because  the  latter  pre- 
disposes to  emphysema,  but  simply  on  account  of  its  frequenc}''. 
Whooping-cough  and  bronchitis  with  intense  paroxysms  of  cough,  as 
well  as  dry  bronchitis  (bronchitis  sicca),  should  also  be  enumerated 
among  the  more  frequent  etiologic  factors.  Bronchopneumonia, 
vesicular  emphysema,  or  croupous  pneumonia  are  generally  regarded 
as  more  unusual  causes,  and  next  in  order  come  the  diseases  which  are 
rare  in  themselves.  This  point  has  already  been  discussed  else- 
where. 

*  See  Marchand,  Prager  Vierteljahrsschr.,  1876,  who  gives  examples  of  all  these 
conditions. 
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That  even  a  healthy  lung  is  not  absolutely  secure  from  interstitial 
emphysema  is  sliown  by  the  cases  reported  in  parturient  women,  in 
spasmodic  closure  of  the  glottis,  and  after  the  inhalation  of  irritating 
vapors.  Ozanam  *  had  three  cases  of  subpleural  emphysema  of  the 
unaffected  lung  in  children  with  pneumonia. 

In  Thalma's  t  case  a  man  aged  thirty-five  years  was  taken  ill  with  a 
feeling  of  oppression  in  the  chest,  and  fever.  The  latter  gradually  sub- 
sided; but  dull  areas  remained  in  the  lung,  and  in  the  fifth  week  emphy- 
sema made  its  appearance  in  the  neck  and  below  the  clavicle.  At  the 
autopsy  bulla^  filled  with  gas  were  found  underneath  the  pleura,  in  the 
pulmonary  tissue  and  in  the  mediastinum.  Tubercle  bacilli  were  found 
in  the  consolidated  portions.  This  was  e\'idently  a  case  of  tubercular 
pneumonia  with  secondary  interstitial  emphysema — a  condition  that  is 
unquestionably  verj^  rare. 

Another  case  %  "^^'^s  that  of  a  man  ^^'ith  a  severe  vesicular  emph^'sema 
who  is  said  to  have  developed  interlobular  emphysema  after  an  ordinary 
fall  on  the  back. 

In  Guillot's  case  a  phthisical  individual,  forty-two  years  of  age,  was 
suddenly  attacked  while  at  his  work  with  Adolent  dyspnea  and  intense 
pain  in  the  left  half  of  the  chest.  Four  days  later  he  became  aware  of 
a  small  soft  tumor  in  the  left  infraclavicular  region.  The  tumor  rapidly 
grew,  and  extended  to  the  face,  the  upper  extremities,  and  the  trunk. 
Crepitation  could  be  ehcited  on  palpation.  The  man  died  soon  afterward 
and  the  left  pleural  cavity  was  found  free  from  air,  while  the  subpleural 
cellular  tissue  was  emphysematous.  At  the  root  of  the  left  lung  there 
was  a  small  opening  whence  the  emphysema  had  extended  into  the 
mechastinum  and  continued  to  spread  along  the  sheaths  of  the  carotid 
arteries. 

The  mechanism  is  usually  as  follows:  A  small  opening  is  formed 
in  an  alveolus,  from  which  the  air  escapes  into  the  tissue  underneath 
the  pleura  or  into  the  tissue  surroimding  one  of  the  vessels  coursing 
through  it — at  first  only  a  small  bubble  the  size  of  a  hempseed. 
Multiple  small  openings  are  also  said  to  occm-.  Under  the  influence 
of  cough  and  forcible  respiratory  movements  the  beads  of  air  multiply 
to  form  bright  glistening  lines  like  strings  of  beads  which  can  readily 
be  seen  through  the  pleura  in  the  interlobular  tissue.  The  lobules 
are  thus  separated  from  one  another  by  pneumatic  spaces  which  are 
said  to  be  wedge-shaped;  Laennec  compared  them  to  the  sections  of 
an  orange.  The  base  of  the  wedge  is  directed  toward  the  pleura. 
Gradually  the  pneumatic  spaces  may  coalesce  and  form  a  large  cavity. 
The  pleura  is  separated  from  the  imderlying  tissue  over  a  large  area 
and  bulke  of  considerable  magnitude  are  produced.  These  bullae  con- 
tinue to  advance  along  the  pulmonary  vessels,  which  they  dissect  out 
in  the  same  way  as  a  dissecting  inflammation.  Thus  the  an*  reaches 
the  large  bronchi  and  enters  the  mediastinum  along  their  walls.  The 
pathologic  picture  may  varv'  greatly,  according  as  the  air  penetrates 

*  Archives  generales,  1854,  vol.  i,  p.  47. 

t  Zeitschr.  fiir  klin.  Medicin,  vol.  x. 

I  Saussol,  Gaz.  des  Hopitaux,  1882,  p.  141. 


366  EMPHYSEMA. 

into  the  deeper  tissue  or  remains  near  the  surface,  the  distribution 
depending  on  the  position  of  the  starting-point. 


SYMPTOMS, 

There  are  no  well-marked  symptoms  in  the  lungs.  Laennec  was 
mistaken  in  saying  that  the  presence  of  emphysema  could  be  inferred 
from  a  resonant  percussion  note,  or  even  that  the  bubbles  of  air 
under  the  pleura  are  capable  of  producing  a  dry  friction  rale.  If  the 
emphysema  invades  the  mediastinum,  it  probably  gives  rise  to  a 
certain  degree  of  dyspnea,  but  the  phenomena  are  rarely  as  marked 
as  they  have  been  described  in  text-books,  in  which  it  is  usually 
stated  that  a  dangerous  effect  is  produced  by  pressure  on  the  heart 
and  on  the  large  blood-vessels. 


COMPLICATIONS. 

1.  Emphysema  of  the  costal  pleura.  This  condition  cannot  be 
diagnosed,  and  little  attention  has  been  paid  to  it  at  autopsies.  It 
would  appear  that  the  intimate  attachment  of  the  pleura  as  a  rule 
prevents  its  production. 

2.  Mediastinal  emphysema.  As  a  rule,  interstitial  emphysema  is 
not  recognized  until  it  has  produced  a  considerable  degree  of  medias- 
tinal emphysema;  the  latter  can  be  diagnosed,  and  from  it  the 
presence  of  interstitial  pulmonary  emphysema  may  be  inferred.  It 
must  not  be  overlooked,  however,  that  mediastinal  emphysema  may 
occur  without  pulmonary  emphysema,  even  omitting  cases  of  external 
injuries;  thus,  mediastinal  emphysema  may  be  produced  by  disease 
of  other  organs,  the  trachea,  the  right  or  left  bronchus,  the  esoph- 
agus, or  even  the  stomach.*  The  following  symptoms  are  in  favor 
of  mediastinal  emphysema : 

A  fine  crepitant  rale,  usually  synchronous  with  the  cardiac  action. 
Faber  heard  a  crackling  rale  accompanying  the  heart  sounds. 

Disappearance  or  indistinctness  of  the  cardiac  dulness.  Over  the 
heart  a  sonorous,  not  distinctly  tympanitic  percutory  note  develops 
(F.  Miiller).     Disappearance  of  the  apex-beat. 

The  intercostal  grooves  near  the  sternum  are  obliterated  or  may 
even  bulge. 

3.  Cutaneous  emphysema.  Emphysema  is  most  readily  recognized 
imderneath  the  skin,  where  it  gives  rise  to  the  characteristic  crackling, 
elicited  by  palpation.  It  appears  from  the  cases  reported  that  cutane- 
ous may  be  the  result  of  mediastinal  emphysema,  and  it  may  also  be 
directly  derived  from  the  lung,  the  air  having  entered  the  thoracic 
wall  through  adhesions.  The  most  frequent  form  of  emphysema  is 
that  with  "triple  seat,"  as  the  Frenchmen  call  it — lung,  mediastinum, 

*  Case  reported  by  Faber,  Wiirtemberger  Correspondenzblatt,  1885 :  "  Perforation 
of  a  Gastric  Ulcer." 
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and  outor  skin.  Gallard  collected  numerous  cases  of  this  kind.*  As 
most  of  the  cases  recover,  the  condition  of  the  lunj^  is  not  known,  but 
it  is  assumed  as  a  matter  of  course  that  the  lung  is  involved  when  air 
reaches  the  skin  from  the  mediastinum.  But  often  enough  the  lung 
is  quite  unaffected.  This  is  because  the  opening  is  very  frequently 
situated  at  thc^  root  (^f  the  lung,  where  there  is  a  weak  spot,  particu- 
larly favorable  to  the  production  of  emphysema;  it  is  the  point  of 
transition  from  the  pulmonary  to  the  costal,  or,  better,  mediastinal 
pleura,  on  the  anterior  surface  of  the  bronchus.  At  this  point  an 
alveolus  is  apt  to  rupture,  and  the  air  then  passes  directly  into  the 
mediastinum  without  diffusing  itself  in  or  upon  the  lung  to  any 
marked  degree.  It  is,  of  course,  obvious  that  cutaneous  emphysema 
may  be  produced  directly  from  the  lung  without  the  intervention  of 
mediastinal  emphysema,  if  the  lung  is  adherent  and  an  injury  is 
produced  at  the  point  of  adhesion.  Thus,  in  one  case  simple  puncture 
led  to  the  production  of  cutaneous  emphysema,!  while  in  another 
case  the  air  came  from  a  cavity  which  was  adherent  to  the  chest- 
wall.  J 

4.  Pneumothorax  is  not  very  rare  in  extensive  interlobular  em- 
physema. The  pleura  gives  way  at  some  point,  and  air  enters  the 
pleural  sac.§  It  has  also  happened  that  emphysema,  beginning  in 
the  hilus  of  the  lung  on  one  side  and  extending  into  the  mediastinum 
and  external  skin,  was  in  the  end  followed  by  the  development  of 
pneumothorax.  |I 

5.  Entrance  of  odr  into  the  hlood-vessels.  This  is  a  much  mooted 
point.  Many  regard  the  entrance  of  air,  which  is  often  discovered  at 
the  autopsy  under  these  conditions,  as  a  postmortem  production,  the 
presence  of  the  air  being  explained  either  by  fermentation  or  by 
aspiration  through  a  vein  at  the  time  of  opening  the  cadaver. 
There  is  no  question  that  many  accidents  of  this  kind  have  misled 
investigators  in  the  past ;  nevertheless  there  are  cases  in  which  it  has 
been  asserted  to  be  highly  probable  that  air  from  an  emphysematous 
lung  entered  the  vessels  during  life.  There  is  no  doubt  that  the  con- 
dition has  repeatedly  been  induced  experimentally  in  animals  by 
means  of  insufflation.**  The  question  is  especially  important  to 
medicolegal  experts. 

*  Archives  generales,  1880,  vol.  ii,  See  also  vol.  xiii  of  Nothnagel's  "  Encyclo- 
pedia of  Practical  Medicine" — "Diseases  of  the  Mediastinum." 

t  Lancet,  1889,  vol.  i,  p.  273. 

t  Lancet,  1889,  vol.  ii,  p.  1277. 

§  Case  of  bronchopneumonia  after  measles,  eventuating  in  double  pneumo- 
thorax.    Teissier,  Bulletin  de  la  societe  anatome  de  Paris,  1897,  No.  17. 

II  Grancher,  Union  med.,  1886,  No.  41. 

**  See  Marchand,  Prager  Vierteljahrsschr.,  1876,  vol.  cxxxii,  p.  119. 
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Interlobular  emphysema  is  not,  as  a  rule,  dangerous,  unless  the 
individual  is  very  cachectic,  and  weakened  by  the  primary  disease. 
I  have  seen  a  pneumothorax,  which  had  evidently  been  produced  in 
a  case  of  interstitial  emphysema  by  the  laceration  of  subpleural  bullse, 
end  in  recovery.  Koranyi  even  reports  two  cases  of  this  kind  that 
ended  in  recovery.  Death  is  of  course  possible  from  shock  or  from 
the  pleurisy  that  follows ;  in  very  rare  cases  it  may  be  due  to  the  en- 
trance of  air  into  the  blood-vessels.  Even  mediastinal  and  sub- 
cutaneous emphysema  are  less  dangerous,  on  the  whole,  than  might 
be  supposed  after  reading  the  text-books.  In  the  very  worst  cases 
it  may  be  justifiable  to  make  small  incisions  to  relieve  the  tension  of 
the  skin;  but  too  much  must  not  be  hoped  from  the  procedure  ex- 
cept to  alleviate  the  patient's  sufferings.* 

*  Torday,  Klin.  Centralblatt,  1886,  p.  270.  Rapid  cure  of  sn  extensive  sub- 
cutaneous emphysema  after  diphtheria.     Maschner,  ibidem,  p.   125. 


*»• 


ATELECTASIS. 

The  doctrine  of  atelectasis  was  a  serious  stumbling-block  to  the 
older  authors.  The  condition  was  often  regarded  as  inflammatory, 
and  was  confounded  with  pneumonia.  It  was  not  until  the  year 
1832  that  the  condition  was  properly  interpreted  in  a  dissertation  by 
Jorg.  A  historical  abstract  and  the  bibliography  of  the  old  literature 
will  be  found  in  Hertz's  "  Handbuch. "  * 

The  term  atelectasis  {ars^'^,  "incomplete";  exraac:,  "dilatation") 
is  applied  to  a  condition  of  the  pulmonary  alveoli  in  which  the  latter 
are  collapsed  and  almost  or  quite  airless.  No  air  enters  during  in- 
spiration and  the  alveoli  take  no  part  in  the  function  of  the  lung. 

This  condition  is  normal  during  fetal  life ;  but  if  it  persists  to  any 
degree  after  birth,  it  constitutes  a  pathologic  condition.  Such  cases 
form  the  group  known  as  congenital  atelectasis,  or  fetal  condition  of 
the  lungs.  It  is  distinguished  from  acquired  atelectasis,  which  in- 
cludes the  cases  in  which  from  one  cause  or  another  air  ceases  to  enter 
the  alveoli,  while  the  air  contained  in  them  undergoes  absorption 
and  the  alveoli  thus  become  airless. 

Acquired  atelectasis  is  subdivided  into  atelectasis  due  to  obstruc- 
tion of  the  bronchi,  and  that  produced  by  external  pressure  on  the 
lungs,  the  two  varieties  being  termed  respectively  obturation,  and 
coinpression  atelectasis.  The  term  "  pulmonary  collapse  "  is  often  em- 
ployed, but  it  is  not  quite  synonymous  with  atelectasis,  as  it  is  used 
to  designate  a  temporary  condition  developing  very  rapidly  and  not 
accompanied  by  any  changes  in  the  lung  tissue. 

Feustell  suggests  the  following  classification:  (1)  persistence  of 
fetal  condition  of  the  lungs — atelectasis;  (2)  return  to  the  fetal  con- 
dition under  the  influence  of  forces  inherent  in  the  tissue — collapse; 
(3)  return  to  the  fetal  condition  under  the  influence  of  forces  acting 
on  the  tissues  from  without — compression.  This  classification  does 
not  harmonize  with  the  generally  accepted  meanings  of  the  terms 
used,  and  is  of  no  particular  value,  as  the  boundary-line  between  1 
and  2  is  very  indistinct  in  practice. 

The  subdivision  of  atelectasis  into  the  congenital  and  acquired 
forms,  which  theoretically  appears  so  natural,  presents  many  difficul- 
ties, because  in  many  cases  the  infants  at  first  breathe  quite  satisfacto- 
rily and  only  after  a  time  become  apneic.  A  bronchus  becomes  occluded 
with  mucus  or  particles  of  meconium,  and  a  lung,  which  at  first  ex- 
panded normally,  collapses  and  on  the  next  day  is  found  to  be  the  seat 
of  an  extensive  atelectasis.     Even   later,  during   the  first    or   even 

*  Edited  by  Ziemssen,  vol.  v,  p.  418. 
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second  year  of  life,  atelectasis  may  be  produced  in  debilitated  indi- 
viduals by  the  action  of  some  severe  disease,  particularly  one  asso- 
ciated with  fever  and  bronchitis.  This  form  is  practically  the  same 
as  the  atelectasis  that  is  acquired  immediately  after  birth.  Nature, 
with  her  manifold  clinical  pictures,  mocks  all  our  efforts  at  classifi- 
cation. 

I  shall,  however,  distinguish  the  disease  of  the  new-born  from 
that  of  well-developed  individuals,  or,  as  we  usually  say,  adults. 


MORBID  ANATOMY. 

The  atelectatic  area  may  vary  greatly  in  extent,  ranging  from  a 
small  isolated  focus  to  an  entire  lobe;  the  entire  lung  may  even  be 
atelectatic.  These  areas  present  signs  of  shrinking;  the  smaller 
ones  are  depressed  below  the  surface  of  the  healthy  lung;  the  color 
of  the  pleura  is  dark  bluish,  distinctly  darker  than  the  surrounding 
tissue.  The  section  is  brownish-red,  and  the  cut  surfaces  retract, 
are  dry,  not  granulated,  and  no  air  can  be  expressed  from  them. 
Atelectatic  lung  tissue  sinks  in  water. 

For  some  time  an  atelectatic  portion  of  lung  retains  the  power  of 
regaining  its  normal  volume  after  being  artificially  distended  with 
air,  but  gradually  profound  changes  take  place  in  its  structure.  The 
walls  of  the  alveoli  become  completely  adherent,  the  connective  tissue 
is  increased  in  quantity,  and  the  lung  tissue  is  converted  into  an  in- 
durated mass  that  retains  only  the  merest  trace  of  lung  structure. 

The  subsequent  changes  that  take  place  in  atelectatic  lung  tissue, 
when  the  condition  has  existed  for  some  time,  are  still  the  subject  of 
dispute  among  pathologists.  That  the  fetal  condition  may  continue 
for  an  indefinite  length  of  time  is  proved  by  many  findings,  as,  for 
example,  those  of  Franke.*  As  a  rule,  however,  sequels  in  the  form 
of  multiplication  of  connective  tissue  and  bronchiectasis  develop. f 
Schuchardt's  %  case  I  regard  as  a  typical  case  of  this  kind.  But  even 
more  extensive  changes  are  described,  such  as  cyst  formation  (Gra- 
witz  §),  and  proliferation  of  cartilage  (Heller  !|),  but  in  such  cases  it 
is  impossible  to  believe  that  one  has  to  deal  with  a  simple  atelectasis. 
There  must  have  been  some  developmental  anomalies.  But  as  de- 
velopmental anomalies  are  often  enough  complicated  by  atelectasis, 
it  will  be  readily  understood  how  difficult  it  is  to  draw  the  line  be- 
tween conditions  that  must  be  regarded  as  a  consequence  of  one  or 
the  other  of  these  abnormalities.**     The  question  of  the  presence  or 

*  Deiitsches  Archiv  fur  klin.  Medicin,  vol.  lvi. 

t  This  is  shown  by  Kostlin's  case,  Archiv  fur  physiologische  Heilkunde,  viii, 
1849;  and  by  Rokitansky  and  Cohnheim,  "Allgemeine  Pathol.,"  vol.  ii,  p.  180. 

J  Virchow's  Archiv,  vol.  ci.  §  Virchow's  Archiv,  vol.  lxxxii,  1882. 

II  Deiitsches  Archiv  fi'ir  klin.  Medicin,  vol.  xxxvi. 

**  Consult,  for  example,  the  collection  of  cases  by  WoUmann.  A  case  of  agenesis 
of  the  left  lung  with  bronchiectasia,  Freiberger  Dissertation,  Dresden,  1891.     A 
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absence  of  pigment  is  of  consitlcrable  importance  in  the  consideration 
of  this  subject.  But  this  obscure  problem  is  far  from  being  solved. 
It  may  be  stated  that  whenever  mucli  pigment  is  present,  the  con- 
dition has  not  developed  before  the  fiftli  to  the  seventh  year.  On 
the  other  hand,  however,  it  cannot  be  asserted  that  in  cases  in  which 
there  is  no  pigment,  the  condition  is  necessarily  fetal;  because  there 
is  no  doubt  that  under  certain  circumstances  the  pigment  may  be 
absorbed  in  the  course  of  time. 

From  a  practical  standpoint  it  is  quite  correct  to  distinguish 
cases  of  true  atelectasis  from  cases  with  cyst  formation;  cases  with 
proliferations  in  the  bronchial  tissues,  especially  the  cartilage;  and 
cases  associated  with  profound  developmental  anomahes  that  cannot 
be  satisfactorily  explained.* 
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Ix  a  certain  proportion  of  cases  no  air  enters  the  alveoli,  either 
because  the  access  is  completely  cut  off,  as  in  many  malformations, 
or  because  the  obstacles  which  are  present  are  too  great  for  the  in- 
fant's strength  to  overcome;  the  lung  therefore  retains  its  whitish 
fetal  condition.  In  another  series  of  cases  the  lung  becomes  atelec- 
tatic from  compression;  the  air  is  simply  forced  out  and  cannot 
reenter.  Tumors  and  exudates  that  compress  the  lung  regularly  lead 
to  the  production  of  circumscribed  areas  of  atelectasis  in  the  adjacent 
portions  of  the  lung.  Hypertrophy  of  the  heart,  deformity  of  the 
vertebral  column  and  of  the  thorax,  distention  of  the  abdomen  with 
forcing  up  of  the  diaphragm,  and  even  simple  meteorism,  are  to  be 
included  among  the  causes  of  atelectasis.  In  debilitated  patients 
the  mere  dorsal  position,  if  continued  too  long,  suffices,  by  allowing 
the  pressure  of  the  abdominal  organs  to  act  on  the  posterior  lower 
segments  of  the  lung,  to  produce  atelectasis,  the  strength  of  the 
respu-atory  movements  being  inadequate  to  bring  about  expansion. 
On  account  of  the  greater  weight  of  the  liver,  the  atelectasis  produced 
in  this  way  is  much  more  pronounced  on  the  right  than  on  the  left 
side. 

similar  case  is  that  reported  in  the  Lancet,  1885,  vol.  i,  p.  1048 :  The  right  lung  ap- 
peared to  be  completely  wanting  in  a  man  sixty-three  years  of  age  After  a  long 
search  a  rest,  the  size  of  a  sausage,  was  discovered.  The  heart  was  displaced  far  to 
the  right  by  enormous  enlargement  of  the  left  lung.  jMalqueen's  case  in  the  Lancet, 
1899,  vol.  I,  p.  Ill,  presented  the  anomaly  of  a  left  bronchus  obliterated  at  the 
bifurcation,  with  enormous  enlargement  of  the  left  lung ;  in  the  apex  was  a  phthisical 
cavity  from  which  the  hemorrhage  that  caused  the  patient's  death  in  his  forty-third 
year  was  derived.  Sieveking,  in  Munchener  mecl.  Wnchenschr.,  1895,  No.  4,  reports 
the  case  of  a  man  fifty-six  j'ears  of  age  in  whom  the  left  lung  was  hard,  airless,  and 
of  the  size  of  a  child's  fist.  The  lower  lobe  was  yellowish-red  and  free  from  pig- 
ment— fetal  atelectasis;  the  upper  lobe  presented  a  slaty  pigmentation. 

*  See  vol.  XIII,  Nothnagel's  "Specielle  Pathologic  und   Therapie,"  and  Fiirst, 
"  Missbildungen  der  Lunge,"  in  Gerhardt's  "  Handbuch." 
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Rosenbach  *  has  pointed  out  that  in  so-called  compression  atelec- 
tasis it  is  at  first  not  a  true  compression  that  brings  about  the  condi- 
tion, but  rather  a  force  which,  counteracting  the  expanding  pressure 
within  the  thoracic  cavity,  enables  the  elasticity  of  the  lungs  to 
contract  those  organs  to  their  smallest  volume.  It  is  only  when 
complete  collapse  of  the  lungs  has  been  brought  about,  and  the 
pressure  in  the  pleural  sac  is  still  further  increased,  that  the  lung 
actually  becomes  comipressed,  and  the  compression  acts  less  on  the 
parenchyma  itself,  which  has  already  become  contracted  to  its  smallest 
volume,  than  on  the  vessels  and  on  the  bronchi. 

The  third  group  is  formed  by  the  cases  of  so-called  obstruction 
atelectasis.  When  a  bronchus  is  occluded  so  tliat  no  air  can  pass, 
the  air  in  the  spaces  which  it  supplies  logically  undergoes  absorption  ; 
first  the  oxygen,  then  the  carbon  dioxid,  and  lastly  the  nitrogen. f 
Lichtheim  demonstrated  that  when  a  bronchus  really  becomes 
occluded,  the  portion  of  the  lung  which  it  supplied,  as  would  be  ex- 
pected, becomes  completely  airless  within  a  few  hours.  These  experi- 
ments suggested  to  him  the  important  assumption  that  the  elasticity 
of  the  pulmonary  parenchyma  continues  in  its  efforts  to  distend  the 
organ  until  the  last  alveolus  has  yielded;  and  showed  that  the  absorp- 
tion of  air  is  effected  by  the  circulating  blood.  He  calls  attention 
to  the  fact  that  this  absorption  atelectasis  is  responsible  for  those 
cases  of  pleurisy  in  which  the  lung  is  not  excessively  compressed  by 
a  massive  pleural  exudate.  The  capillaries  become  dilated  and  the 
atelectatic  portions  h3^peremic.  These  consolidations  occur  mostly 
in  the  deeper  portions  of  the  inferior  lobe,  and  extend  upward  along 
the  vertebral  column  in  the  form  of  a  band  about  5  cm.  in  width 
which  gradually  becomes  narrower  toward  the  apex  of  the  lung.  In 
time,  however,  serum  is  exuded  into  the  alveoli,  they  become  edema- 
tous, and  the  atelectatic  area  may  actually  bulge  and  show  the  signs 
of  inflammation.  This  is  the  form  of  splenization  or  hepatization  in 
which  the  boundary-line  between  edematous  hyperemic  atelectasis 
and  bronchopneumonic  infiltration  is  difficult  to  establish. 

The  atelectasis  accompanying  pneumothorax  has  excited  peculiar 
interest.  In  the  cases  characterized  by  distinct  excess  of  pressure 
in  the  pleural  cavity  (valvular  pneumothorax)  there  is  evidently  a 
compression.  On  the  other  hand,  in  the  cases  in  which  the  pressure 
of  the  air  in  the  pleural  cavity  is  the  same  as  that  of  the  atmosphere, 
the  explanation  appears  more  difficult,  because  it  was  thought  that 
the  elasticity  of  the  lung  alone  was  not  capable  of  bringing  about 
atelectasis.  It  is  true  that  on  opening  a  pleural  cavity  the  lung 
collapses  and  still  contains  a  large  quantity  of  air,  not  only  in  the 
bronchi  but  undoubtedly  also  in  the  alveoli.  It  is  certain,  however, 
that  if  the  animal  sur^dves  the  experiment  by  a  few  hours,  the  lung 
becomes  completely  airless. 

It  is  not  certain  whether  this  is  the  result  of  absorption  of  the  air 

*  Archiv  fiir  klin.  Medicin,  vol.  xviii. 

t  Lichtheim,  Archiv  fiir  experimentelle  Pathologie  unci  Pharm.,  vol.  x. 
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through  the  circulation,  whicli  still  goes  on,  or  whether  the  remaining 
elasticity  recjuires  a  considerable  period  of  time  to  effect  the  expul- 
sion of  the  last  renmant  of  air.  According  to  Lichtheim's  explana- 
tion, one  is  inclined  to  admit  a  cooperation  of  elasticity  and  absorp- 
tion.* Elasticity  alone  is  unable  to  render  the  lung  completely  airless, 
and  needs  the  assistance  of  the  circulation,  as  Lichtheim's  experiments 
demonstrate.  But  tliis  total  atelectasis  is  compreheasible  only  on 
the  assumption  above  referred  to,  that  elasticity  continues  to  act  as 
long  as  a  trace  of  air  is  contained  in  the  alveoli. 

A  fourth  sul^division  of  atelectasis  would  include  the  cases  which, 
if  Ronmielaire  t  is  right,  develop  after  embolism  of  the  pulmonary 
artery.  But  this  occurrence  is  doubtful,  and  I  am  not  prepared  as 
yet  to  admit  it.  The  weight  of  experimental  evidence  is  decidedly 
against  such  a  possibilit}'. 


ATELECTASIS  IN  THE  NEW-BORN. 

This  form  of  atelectasis,  also  called  congenital,  occurs  in  de- 
bilitated, premature  infants  or  infants  apparently  stillrborn  after 
difficult  labor. 

As  a  rule,  some  mechanical  obstacle  is  present  in  the  respiratory 
passages;  or  the  irritability  of  the  respiratory  centers  may  have  been 
reduced  by  some  injury  to  the  brain,  such  as  hydrocephalus  or  a 
hemorrhage  during  birth.  ]\Iechamcal  obstruction  is  most  commonly 
due  to  the  presence  of  meconium,  which  is  di-a-^m  into  the  air-passages 
if  the  child  prematurely  engages  in  respirator}''  movements,  either 
becaase  placental  respiration  too  early  becomes  insufficient  or  because 
respiration  is  induced  by  external  stimuli  before  the  head  has  been 
delivered. 

In  a  certain  proportion  of  cases  the  children  are  at  first  able  to 
breathe  quite  well,  but  later  the  respiratory  movements  gradually 
become  weaker  and  the  lung  retui-ns  to  its  primitive  concUtion  of 
atelectasis.! 

This  question  has  often  been  discussed  by  medicolegal  experts 
and  obstetricians,  and  no  one  can  doubt  that  the  condition  actually 
occurs.  The  air  may  disappear  from  the  lung  by  absorption  if  the 
breathing  is  too  weak. 

A  small  focus  does  not  always  give  rise  to  marked  s}Tnptoms; 
in  weakl}^  children  with  a  tendency  to  stupor  and  cyanosis  atelectasis 
should  always  be  looked  for.  On  percussion  dulness  is  usuall}'  found 
in  such  cases,  most  pronounced  in  the  inferoposterior  portions  of 
both  lungs.     The  dulness  is  not  xery  intense;  often  the  note  is  some- 

*  Loc.  cit.,  p.  90.  t  Gaz.  des  hopitaux,  1883,  p.  7.55. 

J  Pincus,  Vierteljahrsschr.  filr  gerichtliche  Medicin,  vol.  xviii,  1873;  Winter, 
ibidem,  1887;  Seydel,  1891;  Klein,  ibidem,  1892;  Schroder,  Deutsches  Archiv  fur  klin. 
Medicin,  vi;  Ermann,  Virchoiv's  Archiv,  vol.  lxvi. 
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what  tympanitic.  The  respiratory  murmur  is  weakened  or  alto- 
gether inaudible;  but  if  the  atelectatic  focus  is  extensive,  and  the 
bronchi  are  clear,  bronchial  breathing  may  also  be  heard.  In  many 
cases  a  stenotic  type  of  breathing  is  well  marked;  the  yielding 
portions  of  the  thorax,  the  infraclavicular  fossa  and  intercostal 
spaces,  retract  during  inspiration  and  the  peripneumonic  furrow  be- 
comes very  distinct.     The  dyspnea  is  inspiratory  in  type. 

Cough  is  frequently  absent;  if  it  exists,  it  depends  on  some  con- 
comitant condition.  The  degree  of  cyanosis  present  depends  on  the 
extent  of  the  process.     There  is  no  fever. 

The  symptoms  depend  altogether  on  the  extent  of  the  atelectatic 
area;  every  gradation  occurs,  from  cases  in  which  nothing  at  all 
is  found,  to  cases  which  give  all  the  signs  of  a  well-marked  lobar 
pneumonia. 

In  view  of  the  well-known  variations  observed  in  the  pulse  of 
normal  infants,  the  statements  in  regard  to  retardation  and  accelera- 
tion of  the  pulse  in  atelectasis  are  to  be  received  with  great  caution. 
It  has  never  been  determined  that  there  is  anything  characteristic 
about  the  frequency  of  the  pulse  in  asphyxia  or  atelectasis;  the 
force  of  the  pulse  corresponds  approximately  to  the  other  vital 
phenomena. 

After  a  time  the  condition  undergoes  a  change  for  better  or  worse : 
in  the  former  case  the  symptoms  subside;  in  the  latter,  the  cyanosis 
increases ;  the  pulse  becomes  small  and  rapid,  the  right  heart  engorged, 
the  liver  enormously  congested,  edema  and  urinary  symptoms  point- 
ing to  congestion  make  their  appearance.  Death  is  usually  brought 
about  by  an  intercurrent  pneumonia,  but  even  a  simple  atelectasis 
may  increase  to  the  point  of  asphyxia,  and  thus  terminate  life.  Some 
infants  survive  the  disease;  but  permanent  injuries  remain,  the 
affected  portions  of  the  lung  become  atrophic,  and  the  healthy 
portions  hypertrophic. 

Francke's  case  is  typical  of  this  condition.*  Extensive  areas_  of 
atelectasis  in  both  lower  lobes  had  evidently  developed  during  or  im- 
mediately after  birth.  The  individual  had  attained  the  age  of  fifty- 
eight  years.  From  the  description  of  the  microscopic  findings  it  appears 
that  extensive  portions  of  the  lungs  had  completely  retained  their  fetal 
character.  The  condition  of  the  thorax  was  regarded  by  Francke  as 
characteristic  of  this  form  of  atelectasis  of  both  lower  lobes.  The 
deformity  consisted  in  great  biilging  of  the  upper  portions,  with  con- 
siderable increase  in  the  vertical  diameter.  Below  the  sixth  rib  the 
circumference  of  the  thorax  was  greatly  diminished,  as  if  the  body  had 
been  constricted  (wasp  waist),  and  the  lower  edges  of  the  thorax,  finally, 
were  bent  over  and  outward.  I  do  not  beheve  that  this  condition  of  the 
thorax  is  as  characteristic  as  Francke  appears  to  think,  since  it-  is  often 
found  after  rachitis.  In  this  case  the  bronchiectasis  and  the  compensa- 
tory emphysema  are  to  be  noted;  both  conditions  occur  in  atelectasis 
as  pseudo-compensatory  phenomena.  Hypertrophy,  which  is  so  char- 
acteristic of  genuine  fetal  atelectasis,  was  not  marked  in  this  case.  On 
*  Deutsches  Archiv  jiir  klin.  Medicin,  vol.  lh. 


ATELECTASIS  IN  THE  NEW-BORN.  375 

the  other  hand,  contractions  and  adhesions  were  present,  and  must  be 
referred  to  niorbitl  conditions  occurring  in  hiter  life.  The  patulency  of 
the  foramen  ovale  and  the  dilatation  of  the  pulmonary  vessels  were 
typically  developed. 

The  complications  of  atelectasis  are: 

1.  Patulcncc  oj  the  joramen  ovale  and  ductus  arteriosus.  In  atelec- 
tasis the  aspirating  and  expansile  power  of  the  lungs,  which  in  the 
normal  state  are  so  important  for  the  onward  movement  of  the  blood, 
are  considerably  diminished;  the  stoppage  of  blood  in  the  right  ven- 
tricle is  thus  facilitated,  and  the  latter  therefore  keeps  the  fetal 
channels  open  by  utilizing  them  more  and  more  to  empt}'  its  contents. 
Closure  of  these  channels  takes  place  normally  within  two  weeks 
after  birth,  and  any  circulatory  disturbances  occurring  during  this 
time  interfere  with  this  closure.  In  Francke's  case  the  foramen  only 
had  remained  patulous. 

2.  Throntbosis.  This  condition  is  also  e\ddently  connected  A\'ith 
the  disturbance  of  the  circulation.  It  occurs  most  commonly  and  is 
most  significant  in  the  sinuses  of  the  brain.  These  -wdll  be  discussed 
more  particularly  elsewhere.  Among  other  veins  the  renal  are 
especially  mentioned. 

3.  Compensatory  emphysema.  Tliis  has  been  treated  at  length  in 
another  section. 

4.  Dilatation  and  hypertrophy  of  the  right  heart.  This  is  due  to 
the  same  causes  as  in  cases  of  emphysema. 

5.  In  the  atelectatic  portions  of  the  lungs  chronic  progressive  dis- 
eases and  their  sequels — adhesions,  bronchiectasis,  phthisis — develop. 

Diagnosis. — Atelectasis  is  determined  from  the  history,  the 
cyanotic  appearance,  the  signs  of  interference  with  the  respiration  in 
circumscribed  portions  of  the  lungs,  and  the  presence  of  dulness, 
which  may,  however,  be  very  indistinct.  Tactile  fremitus  is  weak- 
ened or  absent.  This  is  a  useful  sign  in  excluding  consolidation. 
The  respiratory  murmur  is  either  very  weak  or  even  bronchial;  after 
some  respiratory  stimulus  it  not  infrequently  rapidly  approaches 
the  normal.  The  intercostal  spaces  are  prominent.  The  cUsease 
regularly  involves  the  lower  lobes. 

Treatment. — In  the  new-born  the  mouth  and  throat  are  first  of 
all  to  be  thoroughly  cleansed.  A  moist  piece  of  linen  is  ^^Tapped 
about  the  finger,  and  the  cavities  of  the  mouth  and  throat  are  gently 
\\iped  out,  choking  and  vomiting  being  incidentally  induced.  Next, 
Schultze's  method  of  artificial  respiration  should  be  resorted  to,  with 
cold  affusions  either  directly  or  in  a  warm  bath.  Cold  applied  to 
the  back  and  nape  of  the  neck  is  the  most  powerful  stimulant  to 
inspiration.  After  a  time  the  breathing  can  be  favorably  influenced 
with  the  aid  of  the  faradic  current. 

Emetics  are  often  recommended.  Hertz,  for  example,  is  quite 
enthusiastic.  (For  small  children  syrup  of  ipecac  with  distilled  water, 
of  each  45  (fsjss) ;  one  teaspoonful  every  hour.     Or  ^^•ine  of  antimony 
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5  (say,  5j),  water  75  (fSiiss),  syrup  of  ipecac  7.5  (foij) ;  one  teaspoonful 
every  two  hours). 

I  must  confess  that  I  consider  them  superfluous  if  the  measures 
above  detailed  are  properly  carried  out.  In  mild  cases  emetics  are 
not  necessary,  and  in  severe  cases  they  do  no  good.  Nor  do  I  recom- 
mend the  employment  of  insufflation;  the  danger  of  producing  inter- 
lobular emphysema  is  quite  considerable,  and  blood  and  mucus  are 
often  driven  into  the  alveoli,  thus  favoring  the  development  of 
bronchopneumonia.  The  practice  of  anointing  the  skin  with  a 
stimulating  substance,  such  as  turpentine  emulsion,  seems  to  me  less 
objectionable  (oil  of  turpentine  30  (f5J),  water  60  (fSij),  the  yolk  of  one 
egg,  made  up  in  an  emulsion). 

Later  on  it  is  important  to  see  that  the  child  gets  plenty  of  fresh 
air  and  is  properly  nourished;  tonics  and  stimulants,  such  as  quinin, 
cod-liver  oil,  malt  extract,  and  small  doses  of  wine,  may  be  given 
according  to  the  indications.  If  the  children  are  cyanotic  and  stupor- 
ous, it  is  often  advisable  to  resort  to  rectal  alimentation,  because  such 
children  often  die  of  inspiration  pneumonia  when  their  death  is 
erroneously  attributed  to  atelectasis.  Children  can  easily  be  fed  with 
nutritive  enemas ;  the  simplest,  and  one  that  can  be  prepared  at  any 
time,  consists  of  an  egg  with  10  tablespoonfuls  of  milk  and  10  table- 
spoonfuls  of  water,  to  which  is  added  a  good  pinch  of  salt. 
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I  DO  not  use  the  term  atelectasis  of  adults,  for  it  is  impossible  to 
draw  a  sharp  distinction.  In  debilitated  and  reduced  individuals  of 
any  age,  often  also  in  children,  atelectasis  may  develop  as  the  result 
of  certain  injuries.  The  clinical  picture  produced  may  vary  greatly 
according  to  circumstances.  During  youth  rachitis  and  diarrhea  are 
the  diseases  that  most  commonly  produce  such  a  debilitated  condi- 
tion; next  in  order  are  the  numerous  infectious  diseases,  which  also 
preferably  occur  during  childhood.  Chief  among  the  latter  are 
measles  and  typhoid  fever;  then  follow  croup,  whooping-cough, 
scarlet  fever,  acute  rheumatism,  etc. 

In  these  patients  atelectasis  regularly  assumes  the  form  of  so-called 
hypostasis ;  that  is  to  say,  the  inferoposterior  portions  of  both  lungs, 
on  the  right  somewhat  more  than  on  the  left  side,  become  airless, 
or  at  least  practically  airless,  and  usually  at  the  same  time  hyperemic. 

Another  form  that  belongs  to  this  group  is  the  atelectasis  of 
kyphoscoliosis.  In  this  form  the  atelectatic  area  is  regularly  found 
opposite  the  cleft-like  posterior  portion  of  the  thorax  on  the  side 
corresponding  to  the  convexity  of  the  curve. 

Complete  occlusion  of  a  bronchus  by  a  tumor  or  some  other 
pathologic  condition  is  followed  by  atelectasis  which  corresponds 
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exactly  in  extent  to  the  area  supplied  by  the  occluded  bronchus. 
Here  belongs,  for  example,  tlie  case  reported  by  Cockle,  in  which 
the  upper  lobe  of  the  right  limg  had  alone  become  atelectatic  as  the 
result  of  compression  of  the  bronchus  by  swollen  lymph  glands.* 
The  same  effect  can  no  doubt  be  produced  by  masses  of  tenacious 
sputum,  and  it  is  not  uncommon  to  see  in  the  capillary  bronchitis  of 
infants  and  old  men,  if  the  disease  becomes  protracted,  the  coexistence 
of  atelectasis  and  emphysema  in  different  portioas  of  the  lung: 
atelectatic  areas  corresponding  to  bronchi  that  have  become  com- 
pleteh'  occluded,  and  emphysematous  areas  where  there  Is  only 
obstruction  to  the  passage  of  air. 

The  literatiu-e  contains  one  or  two  other  communications  on  the 
subject  of  atelectasis  the  significance  of  which  appears  to  me  to  be 
doubtful.  The  opinions  advanced  by  the  authors  challenge  criticism, 
for  they  appear  to  me  to  have  been  misled  by  erroneoas  speculation. 
I  refer  to  the  communications  of  Rommelaire  and  Le^'Lsh.t  In  the 
cases  which  they  describe  extensive  atelectasis  developed  acutely 
\\ith  fever,  and  an  areji  of  dulness  over  which  the  breathing  was  either 
absent  or  bronchial;  vocal  fremitus  was  abolished  and  there  was 
expectoration  of  a  peculiar  "gummatous"  sputum.  It  was  thought 
repeatedly  that  a  pleurisy  existed,  but  exploratory'  puncture  failed 
to  reveal  the  presence  of  fluid.  I  think  it  is  most  probable  that  the 
authors  had  to  deal  with  unusual  forms  of  pneumonia;  the  occurrence 
of  acute  atelectasis  as  an  independent  disease  has  never  been  reported 
by  any  one  else.    . 

Abrams  t  pointed  out  that  circimiscribed  atelectasis  is  a  physio- 
logic condition  that  can  frequently  be  demonstrated  in  persons  with 
perfectly  healthy  lungs,  and  that  circumscribed  zones  of  dulness  may 
be  present  at  the  apices  or  at  the  edges,  or  scattered  over  the  entire 
lung,  and  disappear  after  a  few  deep  respirations.  The  respiratory 
movements  are  somewhat  limited,  nothing  ls  heard  over  the  affected 
areas  during  quiet  breathing;  but  on  asking  the  patient  to  breathe 
deeply,  a  crepitation  is  produced.  This  condition  is  said  to  occur 
not  only  in  debihtated,  but  also  in  perfectly  ^'igorous  persons,  and  to 
be  followed  by  anemia. 

Circimiscribed  atelectasis  is  no  doubt  a  more  or  less  common 
condition  in  debilitated  individuals.  In  severe  and  protracted  dis- 
eases, if  the  patient  is  asked  to  sit  up  and  the  lower  portions  of  the 
lung  are  examined  with  a  stethoscope  while  he  takes  a  deep  breath, 
a  peculiar  rale  is  heard  which  disappears  after  a  few  deep  respirations 
(Lenhartz).  It  often  happens  in  clinical  work,  in  the  examination 
of  phthisical  patients,  that  a  change  in  the  respiration  heard  over  an 
apex  disappears  completely  after  it  has  been  demonstrated  to  a 
number  of  students.  The  same  thing  is  true  of  rales.  These  condi- 
tions may  be  termed  pulmonary  collapse,  and  should  be  distinguished 
from  atelectasis,  just  as  in  emphysema  it  is  found  necessary  to  intro- 

*  Hertz,  in  Ziemssen's  "  Handbuch,"  2d  ed.,  vol.  v,  p.  422. 

t  Gaz.  des  hopitaux,  1883.  j  Klin.  Centralblatt,  1896. 


378  ATELECTASIS. 

duce  a  special  subdivision  under  the  name  of  pulmonary  distention. 
The  boundary-line  between  pulmonary  collapse  and  atelectasis  must, 
of  course,  always  be  arbitrary.  Abrams'  cases  are  evidently  cases  of 
collapse,  and  have  no  pathologic  significance.  If  the  condition  is 
marked,  it  indicates  debility  on  the  part  of  the  patient,  and  should 
not  be  neglected  b}^  the  phj^sician. 

To  avoid  repetition,  I  may  be  allowed  to  touch  very  lightly  on 
the  symptoms  that  ma}^  be  produced  by  atelectasis  in  these  various 
cases.  It  is  essential  that  one  of  the  etiologic  factors  that  have  been 
mentioned  should  be  present,  and  that  dulness  and  diminution  in  the 
respiratory  murmur  should  be  demonstrated,  while  at  the  same  time 
the  presence  of  an  exudate  or  of  infiltration  is  very  improbable.  The 
fine  rale  C  Knattergerdusch")  that  is  made  to  disappear  by  vigorous 
inspiration  is  said  to  be  particularly  valuable ;  it  is  often  very  similar 
to  a  crepitant  rale.  The  changes  in  the  phj^sical  signs  in  different 
positions  of  the  body  and  in  deep  respiration  are  often  useful  in  doubt- 
ful cases,  although  there  are  many  cases  of  atelectasis  in  which  the 
physical  signs  are  not  affected  by  these  factors,  and  which  then  lead  to 
further  sequels.  The  latter,  in  pronounced  cases,  consist  in  shrink- 
ing of  the  lungs  with  the  formation  of  bronchiectasis  and  com- 
pensatory emphysema. 

Compensatory  emphysema  is  a  constant  complication  of  atelectasis, 
when  the  latter  lasts  any  length  of  time.  It  is  followed  later  by  dila- 
tation and  hypertrophy  of  the  walls  of  the  right  heart  and  by  symptoms 
of  stasis,  as  in  emphysema. 

The  treatment  of  these  forms  of  atelectasis  naturally  differs  in 
many  respects  from  the  treatment  of  the  condition  in  the  new-born. 
In  acute  disease  and  when  the  patient  is  much  reduced,  prophylactic 
methods  must  be  adopted  to  prevent  the  development  of  the  condi- 
tion. The  good  effects  of  cold  bathing  in  the  treatment  of  various 
forms  of  fever  are  partly  due  to  their  efficacy  in  combating  atelectasis. 
Emetics  were  formerly  recommended,  just  as  later  the  pneumatic 
apparatus  was  lauded.  For  my  part,  I  condemn  the  former,  and  sub- 
stitute for  the  latter  respiratory  gymnastics,  of  which  I  have  already 
spoken  in  connection  with  emphysema.  Removal  or  mitigation  of 
the  causes,  whenever  possible,  and  constitutional  treatment  based 
on  general  hygienic  principles  are  the  weapons  we  must  rely  on  in 
this  battle,  pro\dded  the  basal  disease  does  not  frustrate  all  our 
efforts. 
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DIVISIONS  OF  INFLAMMATIONS  OF  THE   LUNGS. 

SiN'CE  the  beginning  of  the  nineteenth  century  we  have  been  able 
to  differentiate,  both  anatomically  and  clinically,  the  inflammatory 
diseases  of  the  limg  substance  from  those  of  the  pleura.  The  divi- 
sion of  the  various  acute  diseases  of  the  pulmonary  substance  itself, 
however,  has  not  as  yet  been  finally  settled. 

The  greatest  hindrance  to  such  a  di\'ision  is  the  anatomic  concep- 
tion of  lobar  and  lobular  pulmonary  inflammations.  Not  that  I  am 
of  the  opinion  that  the  anatomic  difference  is  insufficient,  or  that  a 
clinical  or  a  bacteriologic  and  etiologic  cU\dsion  would  be  a  better  one. 
Such  a  thought  is  foreign  to  my  mind  because  I  premise  that  in  future 
we  shall  arrive  at  a  point  where  our  knowledge  Tvill  be  sufficient  to 
differentiate  the  pathologic-anatomic  cUfferences  of  pulmonary  in- 
flammations just  as  well  as  we  are  able  to  do  this  in  other  diseases. 
The  structural  cUfferences  of  the  tissues  ^^ill  provide  a  certain  method 
of  differentiating  these  conditions,  and  especially  vnll  the  causes  of  the 
affection  give  us  definite  knowledge.  Every  special  cause  of  disease 
must  produce  an  especial  modification  in  the  organic  form  of  the 
malady.  The  pathologic-anatomic  picture  of  the  cUsease  may  be 
likened  to  the  trunk  of  a  tree,  whose  roots  are  the  cUfferent  causes, 
whose  leaves  and  blossoms  represent  the  various  symptoms.  Even 
the  root  of  a  particular  plant  variety  may  be  reacUly  differentiated 
from  that  of  any  other  form. 

It  is,  of  course,  easy  enough  to  understand  that  the  differences  in 
the  structural  changes  in  pulmonary  inflammations  icere  sought  and, 
as  it  was  supposed,  found  in  the  grosser  forms, — lobar  and  lobular 
disease  of  the  lung  tissue.  The  consequence  of  this  false  premise  was 
the  non-agreement  of  the  anatomic  findings  and  the  etiologic  de- 
meanor. The  lobar  variety  was  made  to  include  all  diseases  in  which 
one  or  more  lobes  of  the  kmg  were  affected  in  toto.  These  were 
counted  among  the  so-called  genuine  pneumonias,  and  were  grouped 
with  that  variety  which  even  to-day  is  best  known  by  the  term 
"croupous  pneumonia";  although  the  latter  shows  a  characteristic 
anatomic  lesion.     I  mean  the  evenlv  cUstributed  granular  appearance 

38i' 
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of  the  cut  surface,  which  is  absent  in  other  pneumonias,  in  which  an 
entire  lobe  is  involved. 

Instead  of  inquiring  into  the  anatomic  differences  or  the  etiologic 
condition,  on  the  one  hand,  or,  on  the  other  hand,  instead  of  inquiring 
into  the  clinical  phenomena,  these  different  diseases  were  thrown  into 
a  common  mass  and  designated  lobar  pulmonary  inflammations ;  and 
from  this  there  arose  a  truly  kaleidoscopic  description  of  the  etiology 
and  clinical  symptoms.  Infectious  varieties,  house  epidemics,  prison 
epidemics,  transmission  from  birds  to  man,  from  cattle  to  man — every- 
thing was  counted  as  belonging  to  this  common  group.  If  the  subject 
is  examined  more  thoroughl}^,  however,  one  is  easily  convinced  from 
the  description  of  the  anatomic  findings  that  in  the  majority  of  these 
observations  no  simple  variety  of  croupous  pneumonia  was  present 
at  all. 

As  this  circumstance  was  not  taken  note  of,  the  improper  way  was 
proceeded  upon  still  further.  Because  lobar  conditions  in  pulmonary 
inflammations  did  not  quite  come  up  to  the  anatomic  characters  of 
croupous  pneumonia  in  all  instances,  and  showed  themselves  to  be 
directly  transmissible  in  some,  so  croupous  pneumonia  was  supposed 
to  be  a  directly  transmissible  disease.  This  result  seemed  all  the  more 
likely  because  bacteria  were  found  as  the  exciting  cause  of  croupous 
pneumonia,  and  these  were  counted  quite  properly  as  the  usual  excit- 
ing element  of  the  affection. 

Croupous  Pneumonia. — If  we  desire  to  arrive  at  a  clear  conception 
in  reference  to  the  etiology  and  the  clinical  course  of  the  disease,  we 
must,  in  the  first  place,  recognize  croupous  pneumonia  as  an  anatomi- 
cally clearly  defined  variety  of  disease,  strictly  different  from  other 
varieties  of  lobar  pneumonia. 

In  this  way  in  one  direction  we  may  find  a  certain  difference  upon 
an  anatomic  basis,  and  the  possibility  is  also  near  of  dividing  the  vari- 
ous pulmonary  inflammations  in  another  manner. 

Catarrhal  Pneumonia. — ^The  conception  '^ lobular  pneumonia" 
and  its  identification  with  catarrhal  pneumonia  is  also  not  feasible  if 
one  wishes  to  lay  stress  upon  etiologic  and  clinical  conditions.  As  an 
example,  the  pneumonia  following  measles  may  be  mentioned.  This 
may  arise  as  a  lobar  or  a  lobular  infiammation,  but  never  otherwise 
than  as  the  result  of  a  catarrhal  inflammation  of  the  finest  bron- 
chioles. For  this  reason  it  is  well  to  abandon  altogether  the  desig- 
nation "lobular"  as  a  definition  of  disease,  and  to  retain  only  the 
term  "  catarrhal  pneumonia." 

It  depends,  then,  upon  the  decision  of  the  question  which  lobar  in- 
flammations are  to  be  counted  as  belonging  to  the  catarrhal  variety, 
and  if  we  have  any  criteria  for  this  choice ;  and  this,  indeed,  is  the  case. 
To  demonstrate  this  point  especially,  in  explaining  catarrhal  pneu- 
monia, I  shall  mention  but  one  characteristic  conchtion,  which  is,  how- 
ever, in  itself  sufficient.  This  is  the  enormous  inflammatory  hyper- 
emia of  the  smallest  vessels  and  capillaries  of  the  finest  bronchioles, 
which  postmortem  are  easily  demonstrated  in  a  microscopic  prepara- 
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tioii.  The  li^-ums  0  iind  7  in  Tlato  5  show  this  chaiif;-('  plaiiil\-.  Up  to 
the  present  I  have  found  this  condition  of  the  vessels  in  catarrhal  pneu- 
monia followino;  measles,  whoopinp;-couo;h,  and  in  those  catarrhal 
pneumonias  arising  in  scrofulous,  cachectic  children,  and  in  infkienza 
pneumonia. 

The  etiology  of  catarrhal  pneumonia,  however,  is  no  hunger  so  sim- 
ple a  matter  as  that  of  croupous  pneumonia ;  the  investigation  later  on 
will  show  a  greater  number  of  bacteriologic  causes,  whose  effect  will  be 
noted  in  the  anatomic  lesions  of  the  finest  bronchioles,  even  if  the  cause 
of  the  affection  is  not  due  to  a  mixed  infection.  The  latter  condition 
I  regard  as  unlikely. 

Atypical  Pneumonia. — Even  with  this  the  subject  of  the  acute 
varieties  of  pneumonia  is  by  no  means  exhausted.  Besides  the  typical 
varieties  of  croupous  inflammation,  others  are  noted  in  which  the 
etiologic  designation  in  a  complete  form  is  not  possible,  and  on  ac- 
count of  this  there  is  the  greatest  uncertainty.  But  one  thing  may  be 
positively  asserted:  the  impossibility  of  placing  these  varieties  among 
the  forms  of  croupous  pneumonia,  or  even  of  showing  a  similarity 
between  the  two.  A  certain  pathologic-anatomic  designation  is  im- 
possible because  the  changes  in  the  pulmonary  structure  are  very 
different.  A  lobar  affection  is  frequent;  but  of  an  even  granular 
appearance,  such  as  is  found  in  croupous  pneumonia,  there  are  no 
signs.  The  structure  is  splenified  and  only  shows  a  smooth  surface. 
Not  rarely  the  disease  is  noted  in  smaller  areas,  and  then  a  part  of 
these  areas  is  seen-  as  a  granular  cut  surface  similar  to  that  occurring 
in  croupous  pneumonia.  But  all  these  anatomic  changes  may  arise 
in  different  combinations,  where  several  fatal  cases  may  be  referred  to 
a  similar  cause  (house  epidemics,  prison  epidemics) . 

Hence  clinical  medicine  has  no  certain  foundation.  The  designa- 
tion of  these  pneumonias  fluctuates  according  to  the  presence  of  one 
or  another  important  symptom.  Bilious  pneumonia,  pneumo-typhus, 
asthenic  pneumonia,  infectious  pneumonia,  are  the  usual  terms  used 
to  designate  these  conditions. 

I  ad\ase  calling  these  forms,  in  contradistinction  to  croupous  and 
catarrhal  pneumonias,  atypical  pneumonias. 

According  to  this,  we  may  reckon  in  the  category  of  the  ''non- 
tubercular  ' '  pulmonary  inflammations — including  the  various  diffuse 
and  focal  diseases,  whose  placing  in  this  category  does  not  require  a 
special  motive — the  following  diseases  of  the  limgs: 

I.  DIFFUSE  DISEASES  OF  THE  LUNGS. 
1.  AcrxE. 
(o)  Croupous  pneumonia. 

(6)  Catarrhal  pneumonia.  (Up  to  this  time  also  designated  as  lobular  pneumonia.) 
(c)   Atypical  pneumonia.      (Up  to  the  present  also  designated  as  infectious  or  bilious 

or  asthenic  pneumonia,  or  pneumo-typhus.) 
{d)   Hypostatic  pneumonia, 
(e)    Deglutition  pneumonia. 
(/)    Desquamative  pneumonia. 
{g)   Syphilitic  pneumonia. 
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2.  Chronic. 
(a)  Dust  inhalation  diseases. 

(5)   Pulmonary  induration.      (Pneumonia  fibrosa  chronica,  cirrhosis  of  the  lung.) 
(c)    Carcinoma  of  the  lung. 

II.  FOCAL  DISEASES. 

(a)  Abscess. 

(b)  Gangrene. 

(c)  Embolism. 

(d)  Infarct. 

The  justification  of  separating  deglutition  pneumonia  from  catar- 
rhal pneumonia  in  this  division  is  found  in  the  fact  that'  deglutition 
pneumonia  and  catarrhal  pneumonia  have  erroneously  been  supposed 
to  belong  together,  a  subject  to  which  I  shall  call  especial  attention  at 
another  place. 


CROUPOUS    PNEUMONIA. 

PATHOLOGIC  ANATOMY, 

Up  to  the  beginning  of  the  nineteenth  century  we  did  not  possess 
a  certain  anatomic  foundation  for  croupous  inflammation  of  the  lungs. 
The  authors  of  former  centuries,  from  the  time  of  Hippocrates, 
designated  the  most  varied  pleural  and  pulmonary  diseases — serous 
and  purulent  pleurisy,  pneumonia,  pulmonary  infarct — with  a  sub- 
jective combination  of  symptoms,  as  pleurisy  and  peripneumonia. 

There  can  be  no  special  reason  for  going  into  a  historical  analysis 
of  the  older  descriptions  at  this  point.  In  the  works  of  Grisolle 
and  Jiirgensen  are  splendid  historical  reports.  It  might  only  be 
added  that,  according  to  Curt  Sprengel's  report,  one  of  the  oldest 
authors,  Diokles  of  Karystus,  correctly  differentiated  pleurisy  from 
peripneumonia,  and  showed  the  seat  of  the  former  to  be  in  the  pleura 
and  that  of  the  latter  to  be  in  the  lung,  whereas  later  authors  mostly 
were  under  the  influence  of  the  idea  that  in  those  pulmonary  dis- 
eases in  which  pain  was  present  a  pleurisy  must  exist,  and  to  this 
the  most  attention  should  be  paid,  until  it  came  about  that  pleurisy 
and  peripneumonia  were  considered  as  the  same  morbid  process. 

Morbid  Anatomy. — ^To  Laennec  we  owe  the  foundation  of  the  con- 
ception of  pneumonia  upon  a  correct  anatomic  and  clinical  basis. 
He  differentiated  three  well-defined  and  easily  noted  stages  of  the 
disease:  Engorgement,  hepatization,  and  purulent  infiltration.  The 
term  ''engorgement"  he  chose  following  Bayle;  the  name  "hepatiza- 
tion," according  to  his  report,  is  derived  from  Loehus  a  fonte  (Mor- 
gagni).  Laennec  in  especial  emphasizes  the  granular  appearance  of 
the  cut  surface  of  the  lung  in  the  last  stage.  This  appearance,  in  his 
opinion,  is  due  to  the  transformation  of  the  vesicles  of  the  lung  into 
solid  granules,  in  consequence  of  the  thickening  of  the  walls  of  these 
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vesicles  and  a  simultaneous  infarction  (etat  d'infarctufi)  of  the  same. 
In  the  third  stage,  that  of  purulent  infiltration,  the  organ  has  the 
same  consistency  and  the  same  granular  aj)pearance  as  in  the  second 
stage,  but  the  color  is  pale  yellow  or  straw  colored.  Gradually  the 
granules  coalesce  so  that  they  are  evenly  co\'ered  by  a  yellow,  translu- 
cent, tenacious,  purulent  mass.  Frequently  the  three  stages  may  be 
noted  side  by  side  in  the  same  lung,  either  abruptly  divided  or  merging 
one  into  the  other.  Usualh'  the  disease  begins  in  the  lower  lobe  of 
the  lung. 

Andral  coincided  with  the  division  of  Laennec  into  three  stages; 
he  characterizes  these  as  engorgement,  red  softening,  and  gray  soften- 
ing, with  simple  purulent  infiltration  or  abscess  formation.  Espe- 
cially noteworthy  is  the  fact  that,  according  to  his  opinion,  the 
cUsease  is  due  to  an  inflammation  of  the  pulmonary  vesicles,  whose 
inner  surface  at  first  gives  rise  to  a  mucous,  sanguineous,  and  later  to 
a  purulent  fluid. 

The  later  works  of  Chomel  and  Williams  add  nothing  new  which 
would  be  of  value  to  our  present  conceptions. 

Rokitansky  also  differentiates  three  stages — the  inflammator}^  en- 
gorgement (engouement),  hepatization  (ramollissement,  Andral),  and 
purulent  infiltration  (infiUration  purulente).  The  first  stage  is  the 
result  of  the  filling  of  the  tissue  with  ''the  inflammatory  metamor- 
phosed blood  mass. "  Then  follows  the  secretion  of  a  very  sticky,  tough, 
browmish-red  fluid,  and  finally  the  real  exudation  arises,  with  which 
the  second  stage  of  the  disease  begins.  The  kmg  is  then  of  a  reddish 
dark-brown  color,  tough  but  friable,  and  the  cut  surface  is  granular. 
The  granules,  how^ever,  are  not,  as  was  formerly  supposed,  the  result 
of  the  swelling  of  the  walls  of  the  pulmonar}-  cells,  but  an  inflamma- 
tory product  deposited  in  the  cavities  of  the  pulmonary  cells.  From 
the  condition  of  red  hepatization  the  pneumonia  goes  through  various 
transitory  stages,  in  the  course  of  which  it  becomes  paler,  and  finally 
takes  on  a  reddish-brown,  redcUsh-gray,  gra}-,  and  finally  a  yellowdsh 
color,  which  is  therefore  designated  gray  hepatization,  to  the  third 
stage  of  the  disease,  purulent  infiltration.  The  granular  texture  has 
then  disappeared.  If  a  piece  of  such  a  lung  is  freed  from  pus  by 
careful  pressure  and  washing,  the  pulmonary  substance  again  takes 
on  its  spongy  cellular  texture. 

The  seat  of  the  pneumonic  process  is  in  the  walls  of  the  air-cells 
— that  is,  in  the  mucous  membrane  of  the  lungs;  the  product  of  the 
process  is  deposited  in  the  ca^dties  of  the  pulmonary  cells.  The  pneu- 
monia is  therefore  a  croupous  process  of  the  mucous  membrane  of  the 
lungs,  similar  to  a  parenchymatous  croup. 

Very  often  there  are  found,  according  to  Rokitansky,  the  three 
stages,  and  these  in  the  various  stages  of  transition  from  one  into 
the  other,  side  by  side.  Usually  in  the  middle  and  in  the  depths  of 
the  inflammatory  lobes,  gray  hepatization  and  purulent  infiltration 
are  noted ;  toward  the  periphery,  the  reddish-gray  red  hepatization ;  and 
beyond  this  the  inflammatory  engorgement;  and,  finally,  in  the  sur- 
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rounding  tissues  simple  stasis  and,  very  frequently,  acute  edema  of 
various  grades  may  be  noted. 

Stages. — This  division  of  Rokitansky's  has  in  the  main  remained; 
only  red  hepatization  has  been  separated  from  gray  hepatization  as 
an  especial  stage,  so  that  nowadays  authors,  with  the  rarest  exceptions, 
divide  the  course  of  a  typical  croupous  pneumonia  into  four  stages: 
first,  inflammatory  engorgement;  second,  red  hepatization;  third, 
gray  hepatization;  fourth,  purulent  infiltration,  or,  more  properly, 
resolution. 

Only  Stokes  divided  the  course  of  pneumonia  into  five  stages, 
into  the  description  of  which  it  is  not  necessary  to  go. 

The  justification  of  the  division  into  four  stages  will  be  explained 
in  the  following. 

Macroscopic  Appearance. — ^The  macroscopic  appearance  of  the 
lung  in  the  various  stages  of  croupous  pneumonia,  according  to  the 
unanimous  opinion  of  authors,  and  also  according  to  my  own  ob- 
servations, with  very  few  exceptions  is  to  be  described  as  follows. 

The  first  stage  of  croupous  pneumonia,  the  inflammatory  engorge- 
ment (engouement),  as  an  independent  condition  belongs  to  the 
greatest  rarities.  Death  must  then  have  taken  place  in  the  first 
twenty-four  to  thirty-six  hours  of  the  disease.  I  myself  have  had 
occasion  to  note  two  cases  of  this  kind.  In  both  cases  the  entire 
right  lung  almost  exclusively,  excepting  a  very  small  part  of  the 
upper  lobe,  was  in  the  first  stage  of  inflammation.  The  clinical 
symptoms  had  been  such  as  to  lead  one  to  expect  the  condition 
which  was  found  postmortem.  Etiologically  I  must  emphasize  at 
this  place  that  in  one  of  these  two  cases — the  other  was  not  examined 
in  this  respect — in  the  pulmonary  substance  there  was  found  not 
Diplococcus  pneumoniae,  but  a  bacillus  that  in  appearance  closely  re- 
sembled Bacillus  coli. 

More  frequently  one  may,  as  was  pointed  out  by  Laennec  and 
Rokitansky,  note  in  the  periphery  of  red  hepatized  areas  a  remnant 
of  the  first  stage,  engorgement.  From  a  combination  of  the  findings 
of  the  macroscopic  examination,  it  may  be  concluded  that  primarily 
the  diseased  part  of  the  lung  is  filled  with  blood,  which  leads  to  a 
simultaneous  lessening  of  the  air  capacity  of  the  part  affected. 

Accordingly  the  lung  does  not  collapse  in  the  same  degree  as 
under  normal  circumstances;  it  retains  its  shape  as  if  it  were  in- 
flated. At  the  same  time  it  is  heavier  than  a  healthy  organ.  Upon 
pressing  the  fingers  upon  the  upper  surface,  the  structure  may  be 
pressed  in  like  an  edematous  extremity  [pitting]  (Hasse,  p.  267). 
Upon  pressure,  the  cut  surface  tears  more  readily  than  normal 
pulmonary  structure,  which  shows  a  decided  difference  from  pure 
hypostatic  congestion.  The  quantity  of  blood  which  is  noted  upon 
pressure,  in  the  state  of  engorgement,  is  not  so  great  as  in  hypostatic 
congestion,  very  likely  because  the  contractility  of  the  pulmonary 
structure  in  the  former  instance  is  very  much  lessened. 

Of  especial  note  is  the  fact  that  in  both  cases  of  pneumonia  ob- 
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served  b}-  mo  in  the  first  stao;e  tlie  diseased  organ  upon  section  showed 
a  dark,  nearly  bluo-l)lack  aj)])earance,  and  only  became  more  red 
upon  exposure  to  the  air.  This  condition  allows  the  deduction  that 
the  blood  stream  coming  through  the  pulmonary  arter}-  into  the 
pulmonary  capillaries,  even  in  the  hrst  stage  was  not  sufficiently 
oxygenated. 

Acconhng  to  Hasse's  account,  Morgagni  and  other  observers  had 
already  called  attention  to  the  occasional  appearance  of  darker  blue- 
black  areas  in  the  stage  of  engorgement. 

In  the  second  stage,  therefore,  the  stage  of  red  hepatization,  the 
lung  shows,  upon  section,  an  evenly  distributed  red  appearance.  It 
is  completely  devoid  of  air.  Only  pneumonias  of  the  apex  may  show 
a  difference  in  this  respect;  the  tissue  need  not  be  entirely  airless. 
The  cause  for  this  mil  be  explained  later  on.  Further,  the  tissue  is 
friable ;  it  tears  readily  upon  pressure  with  the  fingers  upon  the  cut  sur- 
faces. Granules  are  prominently  noted,  wMch  correspond  to  the  over- 
filled alveoli.  This  gra n  ular  appearance  depends  upon  the  circumstance 
that  the  contents  of  the  alveoli,  through  the  contractility  of  the  elastic 
fibers  which  are  distributed  through  the  alveolar  substance  of  the 
lung,  are  pressed  out.  The  size  of  the  granules  corresponds  exactly  to 
the  size  of  the  alveoli.  AccorcUngly  in  cliildren  they  are  very  small 
(Hasse,  Ziemssen)  and  may,  when  an  emphysematous  lung  becomes 
the  seat  of  a  pneumonia,  attain  a  ver\^  large  size.  A  case  of  this  kind 
is  described  by  Hasse.  The  granulations  in  this  case  attained  the 
size  of  a  hempseed.  Damaschino  has  taken  exact  measures.  He  says 
that  the  granulations  in  cliildren  have  a  diameter  of  0.07  to  0.11  mm. ; 
in  adults,  0.13  to  0.17  mm.;  and  in  the  aged  frequently  0.21  to  0.27 
mm.  I  have  assured  myself  that  in  adults  the  granules  vary  between 
0.17  and  0.21  mm.  These  masses  coincide  A^ith  normal  pulmonary 
alveoli  in  a  condition  of  distention.  AccorcUng  to  the  investigations 
of  Rossignol,  the  alveoli,  after  chstention  and  drying  of  the  limgs, 
have  a  diameter  of  0.2  mm. 

Size. — ^The  question  as  to  whether  a  pneumonic  infiltrated  lobe 
of  the  limg  is  larger  than  a  normal  one  has  given  rise  to  much  dis- 
cussion. It  may,  however,  be  stated  that  the  size  of  the  lung  in  the 
deepest  inspiration  would  give  the  size  of  the  increase  in  volume  in 
case  of  a  pneumonic  affection  (Rokitansky,  vol.  ii,  p.  86). 

The  pre^'iously  mentioned  size  of  the  granules  in  the  stage  of 
hepatization  also  proves  this.  The  granules  are  never  larger  than 
the  cUstended  alveoli. 

This  engorgement  of  the  alveoli  -^dth  masses  of  exudate  until  the 
lung  corresponds  in  volume  to  a  fully  distended  organ  explains  the 
appearance  of  the  impress  of  the  ribs  in  cUsease  of  the  lower  lobe, 
which  Rokitansk}'  curiouslj^  cUd  not  credit. 

According  to  Ziemssen,  the  impress  of  the  ribs  is  exclasively  due 
to  the  fact  that  the  ribs  are  pressed  from  the  surface  upon  the  thick- 
ened pulmonary  lobe.     He  believes  that  this  only  arises  tlirough 
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compression  of  the  thorax  during  forcible  expiration,  and  believes 
that  intense  cough  is  the  cause  of  these  furrows. 

I  cannot  coincide  with  this  opinion,  but  believe  that  the  cause  of 
these  rib  furrows  is  found  in  the  fact  that  the  infiltrated  lung  retains 
the  inspiratory  size  of  the  normal  lung  even  during  expiration.  In 
rendering  the  lumen  of  the  thorax  smaller  during  expiration  through 
the  combined  activity  of  the  descending  diaphragm  and  the  lowering 
of  the  ribs,  the  infiltrated  lung  is  shoved  up  mthout  being  able  to 
accommodate  itself  to  the  lessened  size  of  the  thoracic  space.  In 
consequence  a  part  of  the  pulmonary  structure  is  compressed  against 
the  intercostal  spaces,  which  still  allow  space  for  deviation,  whereas 
the  ribs  remain  stationarj^  It  does  not  then  depend  sensu  stridiori  upon 
costal  furrow-like  impressions,  but  upon  intercostal  rounding  out  of 
the  infiltrated  pulmonary  structure.  Probably  such  rounding  out  in 
vivo  happens  more  frequently  than  can  be  demonstrated  postmortem. 
After  the  cessation  of  breathing,  therefore  after  the  discontinuance 
of  the  expiratory  inward  pressure  of  the  lung  in  the  intercostal  spaces, 
with  the  aid  of  the  negative  pressure  in  the  pleural  space,  a  flattening 
of  the  upper  surface  of  the  lung  may  occur. 

The  increase  in  weight  through  the  pneumonic  exudate  has  also 
repeatedly  been  demonstrated.  According  to  Eichhorst,  a  left  pneu- 
monic lung  weighed  over  four  pounds  more  than  the  right  lung,  which 
was  normal.  The  cases  of  Eichhorst  generally  show  an  average  in- 
crease in  weight  of  887  grams  (2  lb.  4  oz.).  Homburger  and  Kuss- 
maul  have  shown  an  average  increase  in  weight  of  810  grams  (2  lb.  2 
oz.) ;  Lepine,  one  of  538  grams  (1  lb.  5  oz.)  (Finkler,  p.  22). 

Bollinger  has  in  100  cases  of  croupous  pneumonia  shown  the 
weight  of  the  exudate.  In  47  cases  the  weight  was  over  1000  grams 
(2  lb.  8  oz.)  (of  these,  8  were  over  1500;  maximum,  1805) ;  in  39  cases, 
500  to  1000  grams  (average,  718  grams) ;  in  14  cases  the  weight  was 
under  500  grams  (the  average  being  367  grams). 

The  third  stage,  gray  hepatization,  in  the  last  decades,  according 
to  the  unanimous  opinion  of  all  authors,  has  been  separated  from 
the  stage  of  red  hepatization  and  has  been  described  as  a  special  stage. 
This  separation  may,  according  to  the  descriptions  which  will  follow 
later,  be  justified  by  the  microscopic  examination.  Consistency  and 
granulation  of  the  cut  surface  in  the  stage  of  gray  hepatization  are 
the  same  as  those  of  the  preceding  stage ;  the  organ,  however,  no  longer 
looks  red,  but  pale  yellow  or  grayish-yellow.  The  individual  granules 
are  readily  differentiated  from  each  other.  "They  are  more  demar- 
cated, larger  and  stand  out  more  prominently,  are  easier  to  isolate 
and  lift  out,  and  are  looser,  owing  to  the  fact  that  they  are  sur- 
rounded by  a  gelatinous  fluid  which  has  accumulated  around  the  wall 
of  the  vesicle  (alveoH) "  (Rokitansky,  vol.  ii,  page  88).  In  the  cut 
surface  frequently  fibrin  plugs  are  noted  oozing  from  the  finer  bronchi, 
which  may  be  pulled  out  to  a  certain  extent. 

In  some  few  cases  I  found  the  connective-tissue  structure  of  the 
lung  greatly  diffused  along  the  course  of  the  larger  bronchi.     On 
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account  of  its  gra}'  hyaline  appearance  it  was  in  marked  contrast  to 
the  whitish-ycUow  parench}-niatoiLs  structure.  As  the  bacteriologic 
concUtion  was  not  cleterniined,  it  is  impossible  to  decide  whether 
such  pneumonic  changes  may  be  attributed  to  croupous  pneumonia. 

In  the  jourth  stage,  that  of  purulent  infiltration  or  resolution,  the 
tissue  has  finally  attained  the  highest  grade  of  softening,  or,  more 
correctly  speaking,  of  decay.  It  is  the  final  stage  through  which 
croupous  pneumonia  passes,  and  in  the  nature  of  things  shows  the 
general  course  of  the  affection  (Rokitansky,  vol.  ii,  page  89).  Whereas 
the  appearance  of  the  surface  and  the  cut  section  coincide  with  the 
appearance  of  the  stage  of  gray  hepatization,  the  granules  have  en- 
tirely disappeared  from  the  cut  surface;  the  surface  being  thickly 
coated  with  a  thin  purulent  covering ;  it  has  the  appearance  as  if  the 
contents  of  the  alveoli  had  become  confluent. 

But  few  authors  have  dissented  from  the  opinion  that  every  typical 
pneumonia  has  to  undergo  the  four  stages  just  described.  Whereas 
Bennet  previously  and  quite  properly  declared  that  resolution  in  pneu- 
monia is  not  possible  before  the  exudate  becomes  softened,  fluid, 
and  changed  to  pus,  Grisolle  is  of  the  opinion  that  a  lung  in  the  stage 
of  gray  hepatization  never  returns  to  the  normal  condition,  and 
Buhl  *  f  ®,  page  35)  says:  "  It  may  be  readily  imderstood  that  even  if 
it  does  occasionally  happen  that  the  stage  of  gray  hepatization 
terminates  in  resolution,  this  favorable  result  is  very  much  rarer 
in  the  case  of  purulent  infiltration.  Nevertheless,  should  this  happen, 
the  condition  is  entirely  analogous  to  those  cases  of  gray  hepatization 
with  delayed  resolution." 

The  results  of  the  microscopic  examination,  which  ^^dll  be  later 
described,  mil  prove  the  correctness  of  Bennet 's  view. 

Only  in  pneumonias  that  run  a  very  brief  course  of  one  to  two 
days'  duration  does  the  disease  not  imdergo  all  of  these  stages.  Here 
a  cessation  of  the  process  in  the  first  stage  must  be  presumed. 

Histology. — A  proof  of  the  correctness  of  this  view  may  easily  be 
adduced,  considering  the  diverse  conceptions  of  the  histologic  pro- 
cesses in  the  first  stages  of  pneumonia. 

Only  the  microscopic  examination  of  pneumonic  lungs  will  allow 
us  to  judge  of  recover}^  in  the  individual  stages  as  well  as  of  the 
conditions  which  arise  in  the  continuance  of  the  disease  from  one 
stage  to  another. 

The  manuals  and  text-books  in  describing  the  beginning  of  the 
disease  lay  particular  stress  upon  the  condition  of  the  circulator}^ 
system.  So  Forster  remarks:  ''Microscopic  examination  shows  al- 
most complete  filling  of  the  capillaries  with  red  blood-cells,  filling  of 
the  vesicular  structure  of  the  lung  ^^dth  desquamated  epithelial  cells 
which  have  undergone  fatty  degeneration,  and  of  epithelial  cells 
which  have  become  granular,  as  well  as  new  connective-tissue  cells." 
Rindfleisch  says:  "In  the  first  stage  all  the  vessels  are  completely 

*The  small  figures  tliroughout  the  text  are  references  to  the  Literature  on 
page  592. 
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filled  with  blood.  A  beginning  exudation  of  an  albuminous  sticky 
fluid  introduces  the  coming  exudation  and  extravasation."  Accord- 
ing to  Birch-Hirschfeld  (p.  417),  one  finds  "at  the  microscopic 
examination  in  the  first  stage  that  the  capillaries  of  the  alveoli  are 
dilated  and  completely  filled  with  blood;  inside  the  alveoli,  besides 
red  blood-cells  and  exudative  cells,  swollen  epithelium  is  noted." 

After  all  that  has  been  said,  it  must  be  stated  that  the  general 
opinion  is  that  the  first  stage  of  the  inflammation  consists  in  a  hyper- 
emia of  the  capillaries  of  the  lungs.  The  accompanying  conditions 
such  as  relate  to  the  cellular  elements,  especially  the  epithelium,  are 
regarded  as  a  minor  consideration  or  an  accidental  accompaniment 
of  the  process. 

It  clare  certainly  not  be  forgotten  that  the  appearance  of  the  hyper- 
emia as  a  sign  of  the  onset  of  the  disease  is  handed  down  to  us  from  a 
time  in  which  it  was  not  at  all  known  that  epithelium  was  contained 
in  the  pulmonary  substance.  Nowadays  we  are  forced  to  take  note 
of  the  actual  existence  of  the  alveolar  epithelium,  and  are  forced  to 
give  an  especial  examination  to  the  part  which  it  plays  in  this 
process. 

Attention  was  previously  called  by  Virchow,  in  his  communica- 
tions in  reference  to  the  blocking  of  the  pulmonary  arteries  and  its 
consequences,  that  the  so-called  inflammatory  globules  were  nothing 
more  than  the  vesicular  structure  of  the  lung  filled  with  epithelial 
cells  that  had  undergone  fatty  degeneration ;  that  the  vesicular  struc- 
tures of  man  and  of  mammals  were  surrounded  by  a  basement  epi- 
thelium which  in  the  lungs  of  the  human  fetus  he  had  found  quite 
large,  flat,  completely  smooth,  translucent,  usually  with  one,  more 
rarely  with  two,  very  distinct,  comparatively  small,  slightly  granu- 
lar nuclei  C',  p.  288). 

Elenz  and  Eberth  have,  by  means  of  the  method  of  coating  with 
silver,  demonstrated  a  complete  epithelial  lining  of  the  alveoli  in  the 
lungs  of  amphibians,  and  Colberg's  researches  have  shown  that  the' 
human  lung,  even  after  birth,  retains  its  epithelium ;  that  even  in  the 
alveolar  structure  of  the  lungs  of  adults  a  complete  epithelial  structure 
exists. 

In  complete  -accord  with  the  before-mentioned  authors,  Schulze 
believes  in  the  existence  of  a  continuous  but  uneven  epithehal  lining 
of  the  alveolar  structure  of  the  lungs  in  the  adult  mammal ;  he,  how- 
ever, especially  emphasizes  that  those  with  granular  contents  and  a  pale 
round  nucleus,  and  with  polygonal  or  unevenly  round  epithelial  cells, 
are  rarely  met  with  or  only  in  small  groups,  consisting  of  from  two  to 
four  cells  lying  betAveen  large,  pale,  uneven,  angular  or  slightly  v^Sivy, 
thin  structureless  plates,  which  have  developed  from  the  epithelial 
cells  and  their  original  structure,  most  likely  through  the  pressure 
of  the  capillaries  surrounding  them  and  from  the  stretching  of  the 
distended  alveoli ;  perhaps  also,  as  Elenz  notes,  partly  through  blend- 
ing of  the  neighboring  epithelial  cells. 

Finally,  Ranvier,  likewise  Kiittner,  confirm  the  existence  of  a 
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complete  alveolar  epithelium.  The  latter  proves  that  the  original 
spindle  form  of  the  embryonic  epithelium,  which  lines  the  entire 
bronchial  tree  with  all  its  branches,  becomes  in  extra-uterine  life 
the  basement  epithelium  of  the  alveoli,  the  cell  adapting  itself  to  the 
floor  which  it  is  to  cover,  and  the  nuclei  becoming  less  discernible, 
following  the  spreading  of  the  cell.  In  the  lungs  of  dogs,  after  the 
injection  of  silver,  the  flat  epithelial  cell  of  the  bronchioles  proves  to 
be  0.009  mm.,  the  border  of  the  infundibulum  0.013  mm.,  the  base- 
ment cell  of  the  alveolus  which  lies  very  near  to  it  0.05  mm.,  in 
size.  Occasionally  one  notes  in  the  alveoli  of  the  infundibula  one 
and  the  same  basement  cell  spreading  over  the  lining  septum  and 
with  its  halves  h^ing  in  two  neighboring  alveoli. 

Buhl's  assertion^ ^  that  the  alveolar  epithelium  is  not  so  much 
a  continuation  of  the  epithelium  of  the  bronchi,  as  a  hTnphoid  endo- 
thelial cell  lining  the  inner  surface  of  the  alveolar  wall,  is  not  ten- 
able, in  view  of  the  fact  that  the  continuity  of  the  epithelium  from 
the  hilus  of  the  limg  ma}'  be  traced  into  the  alveolar  structure. 
[Pratt  supports  Mallorv  in  the  belief  that  the  cells  are  endothelial. 
—Ed.] 

According  to  Kolliker,  human  alveolar  epitheHum  con.sists  of  a 
continuous  layer  of  basement  cells  which  show  two  entirely  different 
elements:  first,  small  cells  \\'ith  flat,  polygonal,  or  round  protoplasm, 
from  7  to  15  /j.  in  size,  which  are  found  excliLsively  in  the  meshes  of 
the  capillary ;  and,  second,  larger  manifold  forms,  apparently  'without 
nucleus,  consisting  of  very  fine  plates  of  from  22  to  45  /j.  in  diameter, 
which  lie  upon  the  blood-vessels.  He,  however,  especially  empha- 
sizes that  the  epithelial  plates  may  also  extend  into  the  meshes  of 
the  blood-vessels. 

Feuerstack  in  the  main  coincides  T\'ith  Kolliker.  Besides  the 
small  granular  nucleated  cells,  he  also  notes  larger  nucleated  hyaline 
plates,  and,  alongside  of  these,  transitory  forms  of  granular  nucleated 
cells  and  plates  without  nuclei. 

We  msLj,  therefore,  take  as  a  basis  for  our  further  investigations 
the  fact  that  the  pulmonary  ah'eoli  have  a  continued  or  continuoas 
epithelium,  and  that  the  same  contains  two  kinds  of  cells — namely, 
small  nucleated  cells,  and  larger  ones,  partly  nucleated  and  partly  plates 
without  nuclei.  Certain  proofs  of  the  correctness  of  this  fact  force 
themselves  upon  us  in  the  investigation  of  the  pathologic  changes 
occurring  in  human  lungs;  the  existence  of  two  epitheUal  varieties  is 
especially  to  be  noted  in  inflammatory  changes.  From  my  investiga- 
tions I  am  inclined  to  regard  the  non-nucleated  plates  as  the  result 
of  a  kind  of  desquamation  of  the  alveolar  epithelium,,  an  analogous 
condition  to  the  desquamation  of  epithelium  in  the  epidermis.  Let 
us  first  consider  how  far  the  epithelium  has  found  recognition  in  the 
investigations  of  inflammations  of  the  lung. 

Beyer  found  in  pneumonic  lungs  in  which,  macroscopically,  the 
normal  condition  and  transition  stages  from  disease  to  healthy  tissue, 
were  found,  besides  the  scarcely  dilated  capillary  net,  numerous  cells, 
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partly  lying  free  in  the  alveoli,  partly  upon  the  inner  surface  of  the 
plastered  cells,  which,  judging  from  their  condition,  were  obviously 
changed  alveolar  epithelium.  They  are  similar  to  those  found  in  the 
first  stage  of  catarrhal  pneumonia  by  Colberg ;  but  they  showed  no 
multiplication  of  the  nucleus.  Agreeing  with  Wagner,  he  regards  it 
as  certain  that  the  pus-corpuscles  and  fibrin  met  in  croupous  pneu- 
monia go  through  the  same  metamorphosis  as  regards  the  development 
of  the  pulmonary  epithelium,  which  AA'^agner  found  in  the  epithelium 
of  the  mucous  membrane  in  croup  and  diphtheria.  Heitler  says  that 
the  epithelium  in  the  beginning  of  the  pneumonic  process  loosens 
itself;  that  the  process  therefore  begins  mth  a  desquamation  of  the 
epithelium.  In  complete  accord  with  Buhl,  he  declares  that  of  these 
alveolar  epithelia,  and  not  only  those  in  the  stage  of  the  beginning 
gray,  but  also  those  in  the  stage  of  red  hepatization,  large  cells  are 
found  which  originate  in  an  endogenous  cell  formation. 

I  myself  *  was  able  to  demonstrate  a  few  years  ago,  upon  the  basis 
of  my  examination  of  pneumonic  lungs,  especially  at  the  points  of 
transformation  of  the  disease  into  normal  tissue,  that  at  these  points 
the  alveolar  epithelium  was  swollen,  had  a  cloudy  appearance,  and 
for  a  large  part  was  lying  loosely  in  the  alveolar  lumen.  From  this 
I  drew  the  deduction  that  this  change  demonstrated  the  first  stage  of 
the  disease,  and  that  only  in  connection  mth  this  affection  of  the 
epithelium, — with  the  superficial  layer  of  the  capillaries  in  the  pul- 
monary alveoli, — either  as  the  result  of  the  inflammatory  affection  of 
the  epithelium  or  because  the  same  no  longer  gave  a  sufficiently  tight 
cover,  an  alteration  in  the  wall  of  the  blood-vessels  occurred  which 
resulted  in  a  hyperemia,  an  extravasation  of  blood,  and,  finally,  in 
exudation.  I  declared  that  this  view  was  all  the  more  correct 
because  the  previously  assumed  hyperemia  which  was  regarded  as 
the  beginning  of  the  disease,  with  the  subsequent  serous  exudation, 
could  not  at  all  be  regarded  as  the  signs  of  an  inflammatory  process. 
Hyperemia  and  serous  transudation  have  as  little  connection  mth 
pneumonia  as  ascites  has  with  peritonitis.  Virchow  ^^^  three  decades 
previously  had  established  the  fallacy  of  Vogel's  assumption  that 
inflammation  is  capillary  hyperemia  plus  hydrops  fibrinosus.  Unver- 
richt  alone  declared  that  the  loosening  of  the  epithelium  in  pulmo- 
nary inflammation  was  an  accidental  factor,  due  to  the  structure  of 
the  organ,  which  had  no  essential  significance  in  the  inflammatory 
process. 

Feuerstack,  on  the  other  hand,  even  regards  the  differences  of 
structure  in  the  alveolar  epithelium  as  partly  responsible  for  the 
morbid  process.  He  declares  that  the  change  in  the  epithelium  in 
pneumonia  is  inflammatory,  but  that  it  is  not  the  primary  process. 
The  large  h^^aline  flat  cells  hold  themselves  purely  passive.  They  are 
partly  torn  from  their  base,  and  they  partly  remain  as  a  cover  for  the 
alveoli.  On  the  other  hand,  the  nucleated  granular  epithelial  cells 
react  "actively  upon  the  inflammatory  hyperemia";  they  become 
larger,  and  increase  by  proliferation.     As  a  result  of  their  increase  in 


CROUPOUS  PNEUMONIA.  393 

volume  and  number,  and  of  the  swelling  of  the  capillaries  in  whose 
meshes  they  lie,  they  are  pushed  forward  and  floated  away  by  the 
serum.  Causati\'e  relations  between  the  changes  in  the  alveolar 
epithelium  and  the  coagulation  of  the  fibrinous  exudate  do  not  exist. 

Finally  it  must  be  mentioned  that  Hanau  returns  to  the  view  of 
Beyer,  in  that  he  believes  that  in  pneumonia  a  coagulation  necrosis  of 
the  epithelium  in  situ  exists,  and  a  croupous  membrane  formation  due 
to  the  coml)ined  action  of  the  necrotic  epithelial  cells  and  of  the  ex- 
udate from  the  blood  course  exists. 

From  these  communications  in  reference  to  the  anatomic  behavior 
in  pulmonary  inflammation  it  appears  that  the  alveolar  epithelium 
plays  a  part  which  must  not  be  lost  sight  of.  Whether,  howe^'er, 
it  is  to  be  regarded  as  the  primar}'  seat  of  the  disease,  for  which 
view  Heitler  and  I  stand,  cannot  be  regarded  as  definitely  decided 
in  view  of  contrary  opinions  held  b}'  some  investigators.  Other 
researches,  therefore,  must  be  taken  into  consideration;  at  first 
those  in  regard  to  the  influence  upon  the  pulmonary  structure  of  the 
cutting  of  the  vagus.  Traube  had  proved  that  the  pulmonary  affec- 
tion arising  after  a  severing  of  the  pneumogastric  nerve  was  not  due 
to  the  paralysis  of  the  nerve-fibers  leading  to  the  lungs,  nor  to  the 
narrowing  of  the  glottis,  but  that  it  was  due  to  the  flmd  which  col- 
lects in  the  mouth  and  finds  its  way  into  the  glottis,  which  is  no 
longer  able  to  prevent  the  passage  of  the  same  into  the  air-passages. 
Friedlander  then  conducted  experiments  upon  rabbits  by  cutting  the 
vagus  and  noting  the  changes  occurring  in  the  limgs ;  as  a  result  of 
this  he  denies  to  the  alveolar  epitheliimi  any  active  part  in  the  inflam- 
matory process.  Swelling  of  the  alveolar  epithelium  in  the  first  stage 
of  the  inflammation  by  no  means  represents  a  specific  morbid  action 
or  a  specific  sign  of  inflammation.  This  assumption  is  substantiated 
by  the  fact  that  large,  round,  swollen,  alveolar,  epithelial  cells  are 
produced  not  only  in  the  first  stage  of  inflammation,  but  also  in 
edema  of  the  lung,  independent  of  the  wa}-  in  wliich  the  same  was 
produced,  and  are  also  found  in  lungs  that  were  pre^dously  filled  ^^'ith 
serum  or  any  other  watery  fluid ;  even  in  lungs  examined  in  serum, 
analogous  changes  arise.  The  usual  views  entertained:  ''There  is  no 
acute  inflammation  mthout  the  appearance  of  abnormal  lymphoid 
cells  in  the  affected  parts";  and:  " One  has  cause  to  entirely  drop  the 
parenchymatous  inflammation,"  are  probably  not  to  be  regarded  as 
the  results  of  investigations,  but  rather  as  the  teachings  of  pathology 
existing  during  that  period. 

Dreschfeld  arrives  at  different  results.  In  the"  lungs  of  vagotomit- 
ized  rabbits  and  guinea-pigs  he  found  after  four  hours  marked 
hyperemia  "^ith  diminished  air  capacity,  especially  in  the  lower  lobes 
of  the  lung.  Microscopic  examination  showed  the  alveoli  filled  ^^'ith 
large  cells  which  contained  fom*  granules  with  shining  nuclei.  These 
cells  were  sUghtly  granular,  as  w-ere  also  the  nuclei.  Dreschfeld 
regards  them  as  epithelial  cells  -uith  beginning  proliferation,  and 
regards  the  process  as  of  an  inflammatory  character.     Simple  imbibi- 
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tion  with  water  or  serum  produces  swelling  in  the  cells,  but  without 
granulation  of  the  protoplasm  and  without  splitting  of  the  granules. 
Ten  to  fourteen  hours  after  cutting  the  vagus,  if  the  animals  are 
killed,  they  show  in  their  lungs  completely  desquamated  epithelium. 
In  animals  killed  later  (twelve  to  twenty-four  hours  after  cutting 
the  vagus)  the  alveoli  are  filled  with  large,  swollen,  granular  epithe- 
lium containing  several  nuclei  with  small  lymphoid  cells  and  cells  of 
medium  size  which  have  a  hyaline  nucleus.  These  latter  cells  are  to 
be  regarded  as  the  daughter  cells  of  the  epithelium. 

Frey,  who  gave  careful  consideration  to  former  labors  in  this 
field,  and  especially  to  the  experiments  conducted  by  Traube,  also 
made  investigations  in  reference  to  the  changes  which  occur  in  the 
lungs  after  cutting  both  vagi.  He  arrives  at  the  conclusion  pre- 
viously given  by  Traube,  that,  as  a  result  of  the  cutting,  the  inflam- 
matory affection  which  arises  in  the  lungs  is  but  a  consequence  of  the 
fluid  from  the  mouth  which  flows  into  the  respiratory  tract.  After 
unilateral  cutting  of  the  vagus  very  slight  or  no  alteration  in  the 
lungs  occurs.  Any  influence  of  the  vagus  upon  the  bronchial  or  vas- 
cular muscular  structure  of  the  lung  he  entirely  denies.  The  diseased 
process  is  characterized  by  a  serous  effusion  into  the  air-passages, 
hyperemia,  consolidation,  bronchopneumonic  areas  (especially  com- 
posed of  pus-corpuscles),  vesicular  and  vicarious  emphysema.  The 
alveolar  epithelium  in  these  processes,  which  closely  resemble  the 
pulmonary  inflammations  in  children  described  by  Colberg,  takes 
a  passive  part,  showing  opaqueness,  swelling,  and  desquamation  of 
markedly  granular  cells. 

So,  then,  the  results  attained  by  cutting  of  the  vagus  show  no 
uniformity  of  views.  Nevertheless  the  conclusions  of  Dreschfeld  are 
probably  correct,  and  the  changes  in  the  epithelium  must  be  regarded 
as  inflammatory.  The  beginning  nuclear  increase  in  the  alveolar 
epithelium  and  the  later  development  of  lymphoid  cells  can  scarcely 
be  regarded  otherwise.     No  one  has  taken  exception  to  these  facts. 

A  further  method  to  clear  this  condition  is  given  by  the  experi- 
ments in  which  fluids  of  a  more  or  less  irritating  character  are  injected 
into  the  pulmonary  alveoli  by  way  of  the  trachea. 

Sommerbrodt  noted  after  the  influx  of  blood  into  the  pulmonary 
alveoli  the  alveolar  epithehum  change  through  swelling,  opaqueness, 
increase  in  the  size  of  the  nuclei,  and  increase  in  cell  capacity,  and 
develop  into  the  so-called  "large  (giant)  cells."  Some  of  these 
cells  had  even  taken  up  red  blood-corpuscles;  and  here  and  there  an 
increase  could  be  noted,  due  to  the  segmentation  of  the  nucleus. 
The  blood,  therefore,  gave  rise  to  a  catarrhal  pneumonia.  In  pre- 
^dously  healthy  animals  experimented  upon  this  process  always  re- 
sulted in  complete  recovery. 

Through  injection  of  liquor  ferri  (8  drops  in  30  c.c.  of  distilled 
water)  areas  arose  which  were  of  the  characteristic  croupous  pneumonic 
form;  the  alveoli  were  closely  filled  with  blood-cells,  with  rich  lym- 
phoid (pus)  cells,  with  detritus,  and  stringy,  coagulable  exudate. 
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"N'craguth  arrived  at  results  which  arc  worthy  of  close  attention. 
?Ie   first   demonstrated,   in   complete   accord   with   Elenz,    Eberth, 
Schulze,    Colberg,    Tvilliker,    throiifi;h    his    own   investif^ations    upon 
rabbits,  that  the  alveolar  epithelium  is  a  mixed  one;  that  is  to  say, 
consisting  of  nucleated,  small,  round,  polygonal  cells  and  large,  irregu- 
lar, structureless  plates,  without  nuclei.     In  the  terminal  alveoli  the 
first  are  rare,  not  more  than  two  being  found  in  a  group;  the  nearer 
the  bronchial  tube  lies  to  the  alveolus,  the  smaller  the  plates  become, 
and  the  more  frequently  may  be  noted  remains  of  the  original  nucleus, 
and  the  larger  and  more  frequent  are  the  nests  of  the  smaller  imcle- 
ated  cells,  especially  in  the  depths  of  the  alveoli.     After  injections  of 
weak  nitrate  of  silver  solutions  into  the  trachea  of  rabbits,  there  result 
hyperemia  and  serous  infiltration  of  the  parenchyma,  and  changes  in 
the  alveolar  epithelium.     The  nucleated  round  polygonal  cells  of  the 
same  swell  to  large  round  masses,  their   nucleus  is  divided,  their 
protoplasm  becomes  granular,  opaque;  a  large  part  loosens  itself 
from  the  cell  stratum,  and  is  found  lying  free  in  the  alveolus  (after 
six  hours).     The  plates  which  are  not  nucleated  do  not  swell,  but 
take  on  a  granular  appearance,  and  soon  degenerate  into  fine  granular 
masses  or  masses  of  granular  or  smooth  fibrillsc,  which  gather  them- 
selves around  the  round  swollen  epithelium  and,  together,  loosely  fill 
the  alveolar  structure  (after  from  twelve  to  twenty  hours).     In  the 
mean  time  the  white  blood-corpuscles  accumulate  in  the  dilated  ves- 
sels and  exude  into  the  surrounding  connective  tissue  and  into  the 
alveoli  (after  from  twenty  to  twenty-four  hours).     In  some  parts 
of  the  lung  the  infiltrate  is  thick,  small-celled,  as  in  bronchopneu- 
monia.    In   other  parts  it  is  lobular,  or  it  forms,  distributed  over 
a  large  part  of  the  lobe,  a  thick  fibrinous  exudate  which  in  its  entire 
appearance  reminds  one  very  much  of  croupous  pneumonia  (in  from 
twenty-fom-  to  thirty-six  hours  after  the  injection).     The  decay  of 
the  non-nucleated  plates  of  the  alveolar  epithelium  is  the  primary 
condition  for  the  development  of  a  fibrinous  exudate,  but  by  no 
means  the  only  cause  of  the  croupous  exudate,  as  Wagner  and  Beyer 
suppose.     There  develops  but  a  preliminary  and  sparse  meshwork 
which  is  not  so  smooth  and  shining  as  that  of  the  exudate  which 
arises  afterward,  which  in  the  main  appears  to  be  a  product  of  the 
elements  of  the  blood. 

In  contradistinction  to  the  views  of  Friedlander,  Veraguth  declares 
that  the  changes  produced  by  nitrate  of  silver  in  the  nucleated  epi- 
thelial cells  are  the  result  of  inflammatory  processes,  and  believes 
himself  justified  in  a  pathologic-anatomic  sense  to  bring  up  the  ques- 
tion whether  the  agent  (infectious  or  other)  which  in  man  produces 
croupous  pneumonia,  does  not  primarily  and  in  the  first  place,  and 
in  the  same  or  in  a  similar  manner,  act  upon  the  non-nucleated 
plates  of  the  alveolar  epithelium,  as  he  has  seen  in  his  experi- 
ments. 

Gluzinsky  also  has  demonstrated  in  an  experimental  way,  that 
normal  blood  flowing  into  healthy  lungs  produces,  even  after  twenty- 
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four  hours,  a  reaction  on  the  part  of  the  parenchyma  of  the  lung, 
which  in  the  first  few  days  manifests  itself  by  a  desquamation  of  the 
alveolar  epithelium  of  the  lungs,  and  of  the  epithelium  of  the  finest 
bronchioles,  as  well  as  by  migration  of  the  lymph  cells,  sometimes 
with  consecutive  peribronchitis. 

The  experiments  here  mentioned,  in  which  fluids  are  brought  in 
contact  with  the  alveolar  lumen,  are  in  the  first  place  of  special  value 
on  account  of  the  uniformity  of  the  results.  They  show  that  the 
alveolar  epithelium  in  all  cases  is  damaged,  and  that  an  active  change 
is  produced  which  we  must  regard  as  inflammatory ;  an  increase  in  the 
nuclei  of  the  alveolar  epithelium  involves  such  a  condition,  as  might  be 
universally  admitted. 

Also  the  similarity  with  the  changes  in  croupous  pneumonia  of 
man  is  especially  emphasized.  Following  the  swelling  of  the  alveolar 
epithelium  with  increase  in  their  nucleus,  the  exudation  of  red  blood- 
cells  and  lymphoid  cells  (white  blood-corpuscles)  into  the  alveolar 
lumen  takes  place.  There  is  no  reason  for  believing  in  a  primary 
action  of  the  capillary  vessels  which  line  the  alveolar  walls. 

So  far  everything  is  against  the  supposition  that  in  man  the 
beginning  of  a  croupous  pneumonia  consists  in  a  hyperemia  of  the 
capillary  vessels.  We  are  actually  forced  to  concede  to  this  process 
only  a  secondarj^  part. 

My  own  microscopic  examinations  of  the  primary  stages  in  human 
pneumonia,  conducted  during  the  last  year,  give  me  the  right  to 
mention  processes  which  coincide  with  the  results  obtained  in  animal 
experiments,  and  to  substantiate  my  former  opinion  in  reference  to 
the  primary  inflammatory  reaction  of  the  alveolar  epithelium.  I  had 
an  opportunity  to  examine  two  cases  of  pneumonia  in  which  death 
took  place  twenty-four  hours  and  thirty  hours  respectively  after  the 
onset  of  the  disease.  The  conspicuous  dark-blue  appearance  of  these 
lungs  upon  the  cut  surface  I  have  already  previously  noted.  The 
microscopic  examination  showed  that  the  most  marked,  or,  more 
correctly,  the  only  changes,  had  taken  place  in  the  alveoh.  The 
latter  showed  themselves  almost  exclusively  filled  with  cellular 
material.  Large  round  cells  with  large  nuclei  lay  rolled  together  in 
the  shape  of  a  ball  in  the  lumen  of  the  alveoh  (compare  Plate  4, 
Fig.  1). 

These  cells  are  nothing  but  swollen  alveolar  epithelium.  Their 
size  alone  makes  their  differentiation  from  white  blood-corpuscles, 
which  might  come  into  question,  an  easy  one.  Besides,  staining 
with  Biondi-Heidenhain  thre  i-color  mixture,*  which  I  used  almost 
exclusively  in  my  investigations,  shows  that  the  protoplasm  of  these 
cells  has  a  characteristic  rusty  brown   appearance,  which  makes  it 

*  Pieces  of  the  diseased  lung  about  the  size  of  a  walnut  were  kept  about  eight 
days  in  a  5%  solution  of  bichromate  of  potassium,  which  was  frequently  changed; 
they  were  then  hardened  in  alcohol.  After  this  particles  of  the  thickness  of  several 
millimeters  were  fastened  upon  cork  with  fish  glue,  kept  for  from  one  to  two  days 
in  absolute  alcohol,  and  then  finished  and  sections  cut  with  the  microtome.  These 
were  laid  for  from   ten  to  fifteen  minutes  in  undiluted  Biondi-Heidenhain  three- 


Explanation  of  Plates  4  and  5. 

Fig.  1. — Contents  of  an  alveolus  in  pneumonia  during  the  stage  of 
engorgement.  The  alveolar  epithelium,  consisting  of  cells  with  and 
without  nuclei,  is  granular  and  turbid;  between  the  cells  are  red  blood- 
corpuscles  and  masses  of  granular  material,  probably  derived  from  the 
epithelial  cells. 

Fig.  2. — Multinuclear  alveolar  cells,  formed  by  the  coalescence  of 
normal  epithelial  cells. 

Fig.  3. — Three  alveoli  in  croupous  pneumonia  during  the  stage  of 
fibrin-exudation  from  the  vessels.  The  alveolar  epithelium  is  com- 
pletely surrounded  by  threads  of- fibrin,  which  also  penetrate  the  wall  of 
the  adjoining  alveolus.  The  partial  separation  of  the  entire  epithelial 
covering  of  the  alveolus  is  to  be  attributed  to  the  hardening  of  the  speci- 
men. On  the  right  is  a  blood-vessel  distended  with  red  and  white  blood- 
corpuscles. 

Fig.  4. — Part  of  an  alveolus  in  the  stage  of  red  hepatization  in  croup- 
ous pneumonia.  The  capillaries  are  completely  filled  with  blood.  Cells 
of  alveolar  epithelium,  with  and  without  nuclei,  are  seen  in  immediate 
contact  with  the  alveolar  wall;  except  for  these,  the  contents  consist 
exclusively  of  red  blood-corpuscles. 

Fig.  5. — Part  of  an  alveolus  in  the  stage  of  gray  hepatization.  The 
large  cells,  with  large  nuclei,  that  form  the  alveolar  epithelium  lie  next 
to  the  wall;  the  rest  of  the  alveolus  contains  white  blood-corpuscles 
embedded  in  a  fibrinous  network  of  regular  structure. 

Fig.  6. — One  half  of  the  wall  of  a  secondary  bronchus  in  catarrhal 
pneumonia.  The  epithelium  is  filled  with  red  blood-corpuscles.  The 
vessels  of  the  bronchial  wall  are  distended  with  red  blood-cells. 

Fig.  7. — One  half  of  the  wall  of  a  bronchiole,  seen  in  oblique  section, 
from  a  case  of  catarrhal  pneumonia  following  measles.  The  lumen  is 
completely  filled  with  red  and  white  blood-cells.  The  capillaries  of  the 
wall  are  practically  injected  with  blood. 

The  specimens  are  all  stained  with  Biondi-Heidenhain's  mixture, 
except  Fig.  5,  which  is  stained  with  fuchsin  (0.01  fuchsin-rubin  in  100.0 
of  distilled  water). 
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possible  absolutely  to  differentiate  white  blood-corpuscles  and  the 
rest  of  the  cells  of  tlie  lnn<j;  structure.  [Pratt  found  in  this  transitional 
leucocytes,  non-<>;i-anular,  many  having  phagocytic  pi-operties,  and 
probably  derivecl  from  the  alveoli.  Red  blood-corpuscles  and  l\'mph- 
ocytes  were  also  present. — Ed.] 

Another  part  of  the  alveoli  showed  these  large  cells  surrounded 
by  fine,  crumbling  looking  masses,  which  here  and  there  inclosed  the 
cells  in  the  form  of  a  ring.  Besides  this  there  are  numerous  red 
blood-corpuscles  close  to  and  between  the  swollen  alveolar  epithelium 
(compare  Plate  4,  Fig.  1). 

A  closely  analogous  condition  of  the  alveolar  epithelium  I  found 
in  a  case  in  which,  to  a  pneumonia  which  ended  fatally,  a  myocarditis 
fibrosa  chronica  was  added  which  had  nearly  involved  one-half  of  the 
left  ventricle  and  had  led  to  all  the  symptoms  common  to  cardiac 
insufficiency.  Only,  in  this  case,  among  the  swollen  alveolar  epi- 
thelium conspicuous  large  round  cells  were  found  mth  a  greater 
number  of  nuclei. 

Such  conditions  were  found  by  BuhP*  in  the  stage  of  transition 
from  red  to  gray  hepatization.  He  described  them  as  large  cells 
reaching  in  size  up  to  0.05  mm.  in  diameter,  which  are  filled  with 
globules  which  had  attained  the  medium  size  of  blood-corpuscles,  and 
which  he  regards  as  mother  cells,  which  have  arisen  from  the  base- 
ment-forming epithelium  of  the  alveoli  of  the  lungs.  As,  however,  in 
some  of  these  cells  a  different  condition  was  noted  from  that  of  cor- 
puscles in  the  fact  that  they  were  seen  to  contain  granular  nuclei, 
and  occasionally  even  "a  redoubled"  nucleus  was  seen,  so,  according 
to  his  opinion,  the  pus-corpuscles  in  the  mother  cells  could  not  have 
arisen  through  proliferation  of  the  nuclei,  but  through  endogenous 
production  of  the  contents  of  the  cell  or  have  arisen  as  a  free  cell 
production. 

According  to  Volkmann  and  Steudener,  the  origin  of  cells  contain- 
ing several  nuclei  is  similar  to  the  occurrence  of  purulent  inflamma- 
tion in  the  mucous  membranes  which  are  covered  with  flat  epithelial 
cells.  This  may  be  due  to  an  invagination  of  pus-corpuscles  in  the 
epithelium.  A  glance  at  figure  2,  Plate  4,  is  sufficient  to  disprove 
such  an  assumption.  The  large  nuclei  exclude  at  the  very  onset  any 
participation  of  the  white  blood-corpuscles.  According  to  my  opinion, 
the  only  correct  explanation  is  found  in  the  fact  that  these  large  cells 
containing  several  nuclei  have  not  been  produced  through  a  multi- 
plication of  nuclei,  but  from  a  coalescence  of  normal  alveolar  epi- 
thehum. 

As  the  changes  described  up  to  the  present  regarding  the  epithe- 
lium are  the  only  ones  which  correspond  clinically  to  the  stage  of 

color  mixture  and  then  placed  in  alcohol,  water,  and  again  cleansed  in  alcohol  until 
no  more  coloring-matter  could  be  extracted.  The  section  was  then  spread  upon  an 
object-glass  which  previously  had  been  dipped  in  alcohol  while  still  in  the  alcohol 
dish,  and  after  being  removed  from  the  latter,  flooded  with  xylol.  The  alcohol  was 
then  allowed  to  drain  off  by  holding  the  object  carrier  at  an  angle,  and  the  section 
was  mounted  in  Canada  balsam. 
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onset  of  pneumonia,  the  conclusion  must  be  drawn  that  this  alteration 
is  the  first  pathologic-anatomic  effect  of  the  disease.  The  stage  of 
engorgement  corresponds  to  the  affection  of  the  alveolar  epithelium, 
which  I  have  in  a  former  work  *  regarded  as  belonging  to  the  province 
of  parenchymatous  inflammation. 

The  foregoing  pathologic  findings  suffice  to  prove  that  the  first 
stage  of  pneumonia  consists  in  swelling  of  the  epithelium  and  multi- 
plication of  the  nuclei  in  some  of  the  epithelial  cells,  and  in  the  escape 
of  a  few  blood-corpuscles  into  the  alveoli,  as  may  be  directly  seen 
in  some  portions  of  the  section.     In  the  subsequent  course  of  the 


Fig.  24. 


disease  this  is  followed  by  the  escape  of  fibrin  from  the  blood-vessels. 
Figure  24  illustrates  the  process  so  well  that  an  explanation  is  scarcely 
necessary.  In  the  interior  of  the  fibrin  filaments  the  alveolar  epithe- 
lium rests.  That  both  are  almost  always  situated  at  some  distance 
from  the  periphery  is  exclusively  the  fault  of  hardening  the  prepara- 
tion. 

Hauser ""  formerly  proved,  in  taking  note  of  the  researches  of 
Wagner  and  Beyer,  analogous  conditions.  He  says  that  the  alveoli  are 
clothed  as  with  a  fibrinous  pseudomembrane  which  in  the  hardened 
preparation  is  usually  found  more  or  less  distinct  from  the  walls  of 
the  alveoli,  and  gives  the  impression  of  tender,  often  manifold  fibrin- 
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ated  filament  which  forms  itself  together  in  a  network,  giving  the 
appearance  of  a  tender  membrane.  Not  rareh',  also,  the  character- 
istic small  rutlimentar}'  nuclei  are  noted,  from  which  the  delicate 
fibrin  filaments  or  rows  of  fibrin  granules  stand  off  toward  the  periph- 
ery of  the  plate  as  yery  graceful  stellate  figures.  The  remainder  of  the 
cavity  of  the  alveolus  in  the  primary  stage  is  still  empty  or  contains 
serum,  in  which  a  few  sparse  cells  are  suspended.  He,  like  Beyer, 
regards  this  fibrin  net  as  the  stage  of  onset  of  the  pneumonic  process, 
as  a  fibrinous  degeneration  of  the  alveolar  epithelium. 

A  glance  at  the  illustration  (Fig.  24)  suffices  to  exclude  a  degenera- 
tion of  the  alveolar  epithelium.  The  epithelial  cells  in  the  interior  of 
the  fibrin  filaments  are  retained  in  toto. 

In  another  place  Hauser  "  takes  exception  to  the  theory  that 
the  network  of  fibrin  with  which  the  alveoh  are  filled  is  produced 
solely  by  the  coagulation  of  the  inflammatory  plasma,  and  that  the 
threads  of  fibrin  attach  themselves  to  the  alveolar  wall.  The  fibrin 
threads,  instead  of  being  attached  to  the  alveolar  wall,  as  was  sup- 
posed, pass  through  the  wall  at  those  points,  and  thus  establish  a 
communication  between  the  fibrinous  networks  in  adjacent  alveoli. 
These  communicating  fibrin  threads,  according  to  Hauser,  owe  their 
origin  to  a  coalescence  of  the  hyaline  epithelial  plates,  which  have 
become  embedded  in  minute,  preformed,  funnel-shaped  canals  (sto- 
mata)  in  the  alveolar  wall,  with  the  hyaline  plates  of  the  adjacent 
alveolus.  Through  fibrinous  degeneration  of  these  plates  the  pre- 
viously mentioned  filaments  of  communication  are  formed.  He, 
however,  adds  that  these  pore-canals  have  up  to  the  present  been 
found  only  in  pathologic  but  not  in  normal  lungs. 

According  to  Hauser 's  opinion,  then,  croupous  pneumonia  of 
man  is  to  be  regarded  as  a  typical  croupous  inflammation  which  is 
entirely  analogous  to  the  croupous  inflammation  occurring  in  mucous 
membranes.  As  in  the  latter,  in  addition  to  the  exudative  fibrin- 
production,  the  epithelium  of  the  mucous  membrane  undergoes  a 
fibrinous  change,  so  also  in  croupous  pneumonia  the  alveolar  epi- 
thelium is  first  changed  into  a  fibrinous  pseudomembrane  which 
lines  the  alveolus,  after  which  the  coagulation  of  the  inflammatory 
exudate  or  infiltrate  takes  place. 

Here  then,  also,  the  view  is  entertained  that  the  affection  arises 
primarily  from  the  alveolar  epithelium ;  the  production  of  fibrin,  how- 
ever, is  not  sufficiently  explained. 

Ribbert  substantiates  the  views  of  Kohn  and  Hauser  in  reference 
to  the  findings  of  strand-like  fibrinous  connections  between  the  masses 
of  exudate  of  the  separate  alveoli.  He  further  demonstrates  that 
some  part  of  the  alveolar  plugs  are  richer  in  fibrin  and  other  parts 
are  richer  in  cellular  elements.  The  alveoli  which  are  especially  filled 
wdth  cells  are  found  lying  in  groups,  as  in  lobular  pneumonia,  and  only 
coalesce  later.  The  alveoH  that  contain  more  fibrin  are  affected  later 
by  the  inflammation.     The  fibrin  is  found  particularly  upon  the  per- 


400  INFLAMMATIONS  OF  THE  LUNGS. 

iphery  of  the  alveolus,  whereas  the  cells  are  found  most  copiously 
toward  the  center. 

Ribbert's  investigations  were  continued  by  Bezzola,  who  demon- 
strated the  passage  of  the  fibrin  filaments  through  the  alveolar  walls. 
The  explanation  of  the  passage  may  be  that  at  special  places  the  epi- 
thelial coverings  of  two  neighboring  alveoli  are  placed  directly  one 
upon  the  other  without  the  interposition  of  a  capillary.  If  in  such 
a  case  the  epithelial  layer  upon  both  sides  breaks  down,  the  lumina  of 
the  alveoli  are  in  free  communication. 

An  explanation  which  is  much  more  likely  was  given  by  Kohn 
for  the  fact  that  fibrin  filaments  emigrate  through  the  walls  of  neigh- 
boring alveoli.  The  pores  through  which  the  fibrin  filaments  of 
several  alveoli  hold  together  are,  according  to  his  observation,  tissue 
crevices,  or  tissue  gaps,  which  are  found  between  the  capillary  loops 
and  elastic  fibers  of  the  alveolar  wall.  These,  however,  do  not  only 
form  connections  between  the  alveoli  of  one  and  the  same  alveolar 
passage,  but  between  the  alveoli  of  an  entire  lobule.  One  is,  at 
least,  able  to  follow  these  connective  filaments  between  the  fibrin  nets 
of  thirty  or  more  alveoh.  If  these  tissue  spaces  are  not  found  open, 
it  may  be  assumed  that  with  the  onset  of  the  inflammation  the  epi- 
thehum  desquamates,  and  in  its  desquamation  the  covers  which  are 
formed  by  the  epithelium  and  which  are  found  before  each  pore  are 
lifted  off.  At  the  same  time  a  loosening  of  a  cement  mass  in  the 
pores  may  occur,  and  in  this  way  the  passage  may  become  free. 

The  findings  of  Kohn,  Hauser,  Ribbert,  Betzola  [and  Pratt. — Ed.], 
in  reference  to  the  transudation  of  fibrin  filaments  through  the  alveolar 
wall  I  can  completely  substantiate,  as  may  be  noted  from  the  illus- 
tration referred  to  above,  as  well  as  from  figure  3,  Plate  4.  I  am 
able,  however,  to  add  some  few  important  conclusions.  The  latter 
are  obvious  to  any  one  who  has  not  a  preformed  opinion  in  refer- 
ence to  the  production  of  fibrin  from  the  changed  epithehum.  If 
the  fibrin  net,  as  has  been  illustrated  in  the  figures  and,  as  is  always 
the  case,  contains  alveolar  epithelium,  as  well  as  cells  and  nucleated 
plates  without  nuclei  in  such  large  numbers  that  a  destruction  of  the 
epithehum  is  not  to  be  thought  of;  then,  in  view  of  the  great  number 
of  the  fibrm-threads,  and  their  size  at  the  points  of  exit  from  the 
alveolar  walls  especially,  it  is  impossible  to  conceive  how  they  could 
have  originated  in  epithehum ;  we  must,  as  a  consequence,  regard  the 
blood  as  the  only  source  of  the  fibrin  which  is  found  in  the  alveoh. 
There  is,  then,  no  need  of  the  very  forced  explanation  that  the  prod- 
ucts of  the  fibrinous  degeneration  (coagulation  necrosis?)  of  the 
epithelium  of  two  adjacent  alveoh  coalesce  as  the  result  of  degenera- 
tion, or  separation  from  the  alveolar  waU,  of  non-nucleated  epithelial 
plates  belonging  to  two  contiguous  alveoli,  which,  at  certain  points 
on  the  alveolar  wall,  have  become  superimposed  one  upon  the  other  ; 
nor  is  it  necessary  to  assume  the  presence  of  special  stomata  which 
do  not  exist  normally.  The  transudation  of  the  fibrin  filaments 
through  the  alveolar  wall  is  easily  explained  by  the  fact  that  the 
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fibrin,  which  is  produced  from  the  blood,  is  primarily  found  in  the 
neighborhood  of  the  capillaries.  As  these  capillaries  wind  through 
the  alveolar  wall,  the  fibrin  must  be  found  everywhere  in  the  course 
of  the  capillaries,  therefore  in  the  wall  as  well  as  in  the  lumen  of  the 
alveolus.  In  fact  it  is  most  abundant  in  the  tissues  of  the  alveolar 
wall,  where  it  meets  with  more  resistance  than  in  the  lumen,  and 
accordingly  accumulates.  Hence  the  strongest  fibrin  filaments  are 
to  be  noted  in  this  situation. 

A  further  proof  for  the  relations  to  the  blood  of  the  fibrin  existing 
in  the  alveolar  lumen  and  in  the  alveolar  wall  is  found  by  Ribbert's 
researches  in  reference  to  coagulation  of  fibrin  in  the  blood-vessels 
in  pneumonia.     I  can  substantiate  these  by  a  single  fincUng. 

It  may,  therefore,  be  asserted  that  the  fibrin  is  not  the  result  of 
degeneration  of  the  epithelium,  but  arises  exclusively  from  the  blood, 
and  follows  the  affection  of  the  alveolar  epithelium.  The  exudation 
of  fibrin  from  the  blood,  however,  involves  disease  of  the  capillary 
vessels,  which  shows  itself  in  great  capillary  hyperemia. 

That  the  latter  is  only  a  secondary  process  to  disease  of  the  epi- 
thehum  is  showTi  not  only  by  all  the  pre\'iously  mentioned  anatomic 
proofs,  but  also  by  the  fact  that  the  diseased  parts  of  the  lung  have 
an  exceedingly  dark  appearance.  This  indicates  insufficient  oxida- 
tion of  the  blood  in  the  pulmonary  capillaries,  and  can  only  be  ex- 
plained by  a  primary  deficiency  of  oxygen  due  to  local  conditions. 
This  condition  is  found  in  disease  of  the  alveolar  epithehum.  The 
parts  of  the  lung  which  are  not  diseased,  postmortem  show  a  bright 
red  appearance;  the  diseased  parts  postmortem,  especially  the  cut 
surfaces,  become  light  red  only  when  exposed  to  the  air. 

The  pre\'iously  mentioned  presence  of  fibrin  in  the  lumen  of  the 
alveoli  which  accompanies  the  swelling,  opaqueness,  and  increase 
in  the  nuclei  of  the  alveolar  epithelium,  marks  the  transition  to  the 
second  stage  of  the  pulmonary  inflammation. 

In  regard  to  the  pathologic  characters  of  the  lung  in  this  stage, 
I  said,*  in  1875:  As  I  took  advantage  of  the  opportunity  for  the  first 
time  to  examine  microscopically  a  lung  in  the  stage  of  red  hepatiza- 
tion, I  was  surprised  that  the  microscopic  picture  coincided  so  httle 
with  what  I  had  learned  to  regard  as  being  characteristic  of  this 
stage.  I  had  expected  to  find  in  the  mass  filling  the  alveoli,  which 
in  this  stage  gives  the  diseased  lung  upon  section  the  well-known 
granular  appearance,  an  exudate  in  optima  forma.  I  had  expected 
to  find,  according  to  all  our  \'iews  of  an  exudate,  the  characteristic 
granulation,  or  pus-cells,  the  indifferent  cells,  which  after  the  teach- 
ings of  Cohnheim  I  regard  as  emigrated  white  blood-cells.  But  the 
objective  findings  in  this,  as  in  the  remaining  cases  of  red  hepati- 
zation which  I  had  an  opportunity  of  examining  later,  were  not  in 
accord  with  my  expectations.  The  contents  of  the  alveoli  consisted 
almost  exclusively  of  red  blood-corpuscles,  whereas  white  corpuscles 
were  only  present  in  very  small  numbers,  so  that  the  proportion  be- 
tween the  white  and  red  blood-corpascles  was  not  greater  than  that 
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found  in  the  circulating  blood.  The  blood-corpuscles  were  embedded 
in  a  dense  but  highly  irregular  net  of  fibrin  filaments,  which  frequently 
terminated  in  bundles,  and  wherever  they  were  visible  in  their  entire 
extent,  appeared  long,  stiff,  and  shiny — in  short,  like  fibrin  found  in 
any  ordinary  blood-mass.  Fibrin  filaments  and  blood-corpuscles 
formed  a  dense  mass  which  usually  was  found  in  the  alveolar  cavity, 
so  that  between  every  mass  and  the  alveolar  wall  a  small  free  space 
existed,  traversed  by  a  few  fibrin  filaments,  which  therefore  con- 
nected the  wall  of  the  alveolus  with  its  contents. 

From  these  facts  I  drew  the  conclusion  that  the  second  stage,  red 
hepatization,  was  not  the  consequence  of  an  exudation,  but  only  the 
result  of  the  coagulation  of  blood,  which  arose  from  the  torn  capil- 
laries of  the  alveolar  wall.  [Pratt  supports  Jiirgensen  in  the  observa- 
tion that  the  blood  is  in  the  capillaries  and  not  in  the  alveoli. — Ed.] 
In  this  connection  I  concurred  ^\ith  the  report  of  Rindfleisch  "that 
in  a  few,  even  in  rare  cases,  the  red  blood-corpuscles  were  so  massed 
that  one  might  ask  whether  the  exudate  had  not  better  be  designated 
as  an  extravasation."  In  a  similar  manner  Virchow  (^,  p.  740) 
insists  upon  the  distinctly  hemorrhagic  character  of  red  hepatiza- 
tion. He  says  in  reference  to  it :  Genuine  or  legitimate  pneumonia 
is  characterized  by  the  deposition  of  fibrinous  products  in  the  alveoli. 
The  designation  "croupous  pneumonia"  is  really  incorrect.  The 
variety  arising  in  croup  belongs  to  catarrhal  pneumonia.  The  usual 
pneumonia  of  adults  differs  from  croup  by  the  A^ry  important  circum- 
stance that  the  fibrin  exudation  is  not  pure,  that  the  initial  process, 
in  fact,  is  hemorrhagic.  Xot  only  is  the  early  sputum  bloody,  but 
the  beginning  hepatization  is  red;  that  is  to  say,  bloody.  The  later 
fibrinous  material  is  therefore  not  a  pure  product  of  the  exudation, 
but  it  later  becomes  yellow,  and  only  by  and  by  takes  on  the  so- 
called  pure  fibrinous  character  in  the  stage  of  actual  (yellow)  hepati- 
zation, in  that  the  blood-corpuscles  are  absorbed  and  the  hemoglobin 
is  metamorphosed.  For  this  reason  Virchow  for  a  number  of  years 
has  used  the  term  "fibrinous  pneumonia"  to  designate  the  process 
which  produces  the  actual  (yellow)  hepatization.  If  he  does  not  call 
it  "hemorrhagic  pneumonia,"  it  is  owing  to  the  fact  that  this  name 
belongs  to  the  metastatic  form,  which  begins  wdth  hemorrhagic  areas 
(foyers  apoplecti formes,  Cruveilhier) . 

It  coincides  with  all  the  objective  findings  if  I  declare  that  the 
occurrence  of  a  hemorrhage  into  the  alveoli  is  characteristic  of  the 
second  stage  of  pneumonia  and  as  determining  the  stage  of  red  hepa- 
tization. The  reason  for  this  condition  unquestionably  depends  upon 
the  circumstance  that  the  capillaries  of  the  alveoli  are  denuded  of 
their  protective  epithehal  covering,  and  in  consequence  molecular 
changes,  which  until  then  could  not  take  place,  occur  in  their  walls, 
so  that  they  tear  imder  blood  pressure  and  the  contents  of  the  capil- 
laries, the  blood,  flows  into  the  alveolar  lumen  in  the  direction  of 
least  resistance.  The  phenomenon  depends  upon  the  structure  of 
the  lung  itself  and  is  not  identical  with  hemorrhagic  inflammations 
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occurring  in  other  organs.  Inflammations  in  othor  orgaas  usually 
retain  their  hemorrhagic  character  permanently,  whereas  in  pneu- 
monia the  hemorrhagic  element  typically  and  regularly  disappears; 
in  other  oi-gans  the  i)resence  of  hemorrhages  implies  a  severe  morbid 
process,  while  in  pneumonia  hemorrhage  into  the  alveoli  is  found  by 
experience  to  be  a  fa\'orable  prognostic  sign.  In  those  cases  in 
which  the  hemorrhage  does  not  give  rise  to  complete  filling  of  the 
alveoli,  as  in  pneumonia  of  the  upper  lobe,  in  desquamative  pneu- 
monia, and  in  wliite  sypliihtic  pneumonia,  the  course  of  the  affection 
is  less  favorable,  and  a  complete  resolution  is  less  certain  or  not  to 
be  expected  at  all. 

Red  hepatization  can  rather  be  compared  to  a  thrombus  forma- 
tion in  an  injured  blood-A'essel.  The  contents  of  every  ah'eolus 
represent  a  thrombus  for  the  torn  alveolar  capillaries.  Also  the  fur- 
ther progress,  the  transition  of  the  red  hepatization  into  gray  hepati- 
zation, makes  it  jiLstifiable  to  employ  the  analogy  between  this 
affection  and  the  changes  in  the  blood-vessel  thrombosis. 

After  the  changes  just  described  in  the  alveolar  epithelium,  the 
transudation  of  fibrin  into  the  alveoU,  and  the  extravasation  of 
blood  from  the  lacerated  capillaries  in  the  ah'eolar  walls  have  been 
completed,  the  process  which  has  given  rise  to  the  designation 
'■gray  hepatization"  becomes  dominant.  The  characteristic  feature 
of  this  stage  is  the  almost  complete  fiUing  of  the  alveoU  with  round 
cells,  which,  based  upon  the  investigations  of  Cohnheim,  must  to-day 
be  considered  as  emigrated  blood-corpuscles.  Certainly  this  emigra- 
tion does  not  occur  at  once ;  the  changes  in  the  capillaries  and  the 
stasis  of  the  blood  in  the  same  are  the  fundamental  conditions  for 
this  emigration.  The  stasis,  however,  ob^-iously  occurs  at  the  begin- 
ning of  the  changes  in  the  alveolar  epithelium,  but  the  emigration 
itself  obtains  the  upper  hand  only  wdth  the  stage  of  gray  hepatiza- 
tion ;  w^hen  the  latter  occurs,  the  contents  of  the  alveoH  become 
flooded  with  white  blood-corpuscles. 

Upon  microscopic  examination  one  finds  in  those  areas  where  the 
alveoli  are  still  filled  with  pure  coagulated  blood  that  the  finest  bron- 
chial termini  are  occluded  with  white  blood-corpuscles,  just  as  if 
their  function  was  to  completely  prevent  the  outer  air  from  gaining 
access  to  the  lumen  of  the  alveoli.  In  other  places  white  blood- 
corpuscles  will  be  seen  within  the  alveolar  space  between  the  alveolar 
wall  and  the  mass  consisting  of  fibrin  and  red  blood-corpuscles,  wliich 
is  somewhat  removed  from  the  alveolar  w^aU,  so  that  this  mass  is 
practically  enveloped  by  the  corpuscles.  Gradually  the  red  blood- 
corpuscles  entirely  disappear,  and  only  here  and  there  can  still  be 
found  small  particles  which  seem  to  be  the  debris  of  the  red  cells. 
The  network  of  fibrin  threads,  however,  remains  longer;  it  conceals 
the  white  blood-corpuscles  after  the  latter  have  occupied  the  places 
where  the  red  cells  w^ere  preAioiLsly  situated.  As  a  matter  of  course 
this  substitution  cannot  be  objectively  traced,  but  that  it  does  occur, 
must  be  as  undoubted  as  the  sequence  of  red  and  gray  hepatization; 
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the  one  is  as  certain  as  the  other.  The  first-appearing  fibrin  and 
that  present  during  red  hepatization  seem  only  to  disappear  with 
the  progress  of  the  exudation  or  with  the  termination  of  the  stage  of 
gray  hepatization;  at  least  there  is  seen  in  gray  hepatization,  after 
the  specimens  have  been  hardened,  only  a  fine  network  with  meshes 
of  almost  equal  size,  and  exactly  corresponding  to  that  seen  in 
croupous  membranes  of  the  larynx  (Wagner)  and  in  wounds  which 
heal  by  first  intention.^  This  network,  however,  difi^ers  markedly 
from  that  seen  in  the  precipitation  of  blood  fibrin  into  red  hepa- 
tization. It  forms  an  evenly  distributed  network  (compare  Plate 
5,  Fig.  5),  while  the  fibrin  threads  present  during  the  stage  of  red 
hepatization  are,  so  to  speak,  attached  to  the  alveolar  wall  by  a 
common  trunk  and  thence  separate  in  a  radiating  manner  (compare 
Plate  4,  Fig.  3).  The  origin  of  the  fine,  regularly  arranged,  small- 
meshed  fibrin  network  which  is  present  in  the  stage  of  gray  hepatiza- 
tion can  only  be  attributed  in  this  stage  of  the  disease  to  the  blood. 
The  fibrin  escapes  from  the  blood-vessels  along  with  the  white  blood- 
corpuscles.  The  alveolar  epithelium,  however,  does  not  suffer  any 
further  changes  during  the  stages  of  red  and  gray  hepatization;  at 
least  a  portion  of  the  same,  as  is  seen  in  figures  3  and  4  of  Plate 
4,  shows  no  other  changes  than  those  present  in  the  beginning  of 
the  process;  the  epithelium  always  lies  in  the  neighborhood  of  the 
alveolar  wall.  [Pratt  observed  polymorphonuclear  leucocytes ;  large 
phagocytic  cells,  pigment-carrying  cells,  evidently  derived  from  the 
cells  lining  the  alveoli,  and  having  in  their  inclusion,  red  blood- 
corpuscles,  lymphocytes,  and  plasma  cells;  and  desquamated  epi- 
thelial cells. — Ed.] 

From  these  microscopic  findings  the  change  in  the  appearance  of 
the  lung  in  the  third  stage  is  also  easily  explained  as  well  as  the  gray 
or  grayish-yellow  color  in  contrast  to  the  red  of  the  second  stage. 
There  is  no  need  of  the  hypothetic  explanation ''that,  on  account  of 
the  newly  occurring  infiltration,  the  blood-vessels  are  subjected  to 
external  pressure  which  influences  the  in  and  out  flow  of  the  blood ' ' 
(Rindfleisch,  p.  389) .  Still  less  is  the  gray  hepatization,  as  Buhl  sup- 
poses, "  a  phenomenon  resulting  in  death  of  the  parts  which  depends 
upon  a  lessened  power  of  body  and  heart  and  the  pathologic  anatomy 
of  which  depends  upon  the  fact  that  the  extravasations  become  pale, 
the  fatty  degeneration  adds  its  color,  and  the  oligemia  continues  ' ' 
(^^  p.  33).  Neither  is  the  phenomenon  related  to  thrombosis  in  the 
vessels  (Ribbert,  p.  364).  The  gray  color  of  the  lung  in  this  stage  is 
to  be  looked  upon  simply  as  a  substitution  of  white  blood-corpuscles 
for  the  red.    [Pratt  believes  it  is  due  to  empty  capillaries  only. — Ed.] 

The  fourth  and  last  stage  of  croupous  pneumonia  is  purulent 
liquefaction  (resolution)  of  the  exudate  in  the  alveoli.  Purulent 
liquefaction  is  the  typical  and  necessary  termination  of  every  in- 
flammation that  goes  on  to  gray  hepatization ;  for  without  the  lique- 
faction of  the  exudate  coincident  with  suppuration,  disappearance 
of  the  exudate  could  not  take  place.     What  chemic  changes  this 
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phenomenon  depends  upon,  has  as  yet  not  been  made  clear.  We 
have,  however,  not  <:;()iu'  any  further  than  the  view  of  Hasse,  that 
the  coagulatetl  fibrui  upon  contact  with  pus  becomes  loosened  and 
assumes  a  pale  yellowish,  sticky  consistency.  Microscopically,  how- 
ever, it  ^vill  be  seen,  in  preparations  wliich  macroscopically  show 
the  transition  of  a  gray  hepatization  into  purulent  resolution,  that 
the  fibrin  meshes  haxc  disintegrated  into  a  number  of  correspond- 
ingly arranged  granules,  so  that  a  granular  disintegration  of  the 
fibrin  renders  a  liquefaction  of  the  exudate  possible. 

The  complete  disappearance  of  the  exudate  from  the  lung  takes 
place  principally  by  absorption.  This  view  is  not,  it  is  true,  sub- 
stantiated by  the  histologic  findings,  which  have  so  far  failed  to 
yield  any  positive  proof  of  the  occurrence  of  resolution.  Only  clini- 
cal observation  justifies  such  a  conclusion.  Whoe^'er  attentively 
observes  the  infiltrated  lung  in  pneumonia  from  the  beginning  of 
the  crisis,  and  elicits  the  condition  by  percussion,  cannot  fail  to  ob- 
serve that  in  certain  cases  within  twenty-four  and  even  twelve  hours 
a  pulmonary  lobe  completely  infiltrated  may  again  become  entirely 
filled  with  air,  while  the  accumulated  expectoration  is  so  little  that 
even  a  most  superficial  estimate  will  show  that  the  difference  be- 
tween the  expectoration  and  infiltration  is  so  marked  as  altogether 
to  preclude  the  possibiUty  of  the  infiltration  ha^dng  been  expector- 
ated. 

After  a  description  of  the  most  important  pathologic-anatomic 
feature  of  the  pulmonary  inflammation,  the  following  is  still  to  be 
remarked : 

Bronchial  Casts. — A  frequent  accompanjdng  phenomenon  of 
pneumonia  is  the  finding  of  the  so-called  fibrinous  casts  in  the 
finer  and  finest  bronchi.  Remak  first  described  these  in  1845.  The}^ 
represent  branched  cylinders  wdth  dichotomous  cU^dsions,  thickened 
at  the  points  of  division.  They  consist  of  fibrin  as  well  as  of  pus- 
cells,  and  contain  also  a  few  cylindric  epithelia,  which  occasionally 
are  still  supplied  with,  cilia.  Remak  found  these  principally  between 
the  fourth  and  the  seventh  days,  and  one,  in  an  exceptional  case,  on 
the  fourteenth  day  of  pneumonia.  In  fifty  examined  cases  they  were 
present  each  time.  Biermer  missed  this  coagulation  in  25  cases.  Its 
presence  corresponds  to  the  stage  of  hepatization.  He  supports  Re- 
mak's  statement  regarding  the  earh' appearance  of  this  phenomenon. 
Only  once  did  Biermer  find  bronchial  casts  in  the  expectoration  and 
also  the  other  symptoms  of  hepatization  in  a  patient  three  w^eks 
after  the  observed  beginning  of  the  pneumonia.  He  could  only  find 
the  club-shaped  processes  which  represent  impressions  of  the  alveoli 
twice  during  the  disease,  which  shows  that  the  bronchial  coagulum  is 
easily  torn  off  from  the  alveolar  contents.  This  thickening  is  more 
frequent!}^  observed  in  the  cadaver  when  the  fibrin  coagulum  is  care- 
fully drawn  from  the  bronchi. 

Damaschino  says  that  this  fibrin  coagulum,  which  is  an  im- 
portant sign  of  pneumonia  and  can  be  alwaj^s  demonstrated,  pos- 
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sesses  a  peculiarity  not  yet  called  attention  to,  which  facilitates 
the  differentiation  between  this  condition  and  the  membranes  of  a 
diphtheritic  bronchitis.  The  latter  are  tubular  formations  while  the 
pneumonic  coagulum  does  not  possess  any  opening.  This  fact 
justifies  the  assumption  that  the  coagula  originate  from  the  inflamed 
pulmonary  vesicle.  Furthermore,  in  bronchi  of  medium  caliber  the 
fibrin  exudate  covers  the  ciliated  epithelium  in  a  continuous  layer. 
These  formations,  which  represent  the  ramifications  of  finer  bronchi, 
are  frequently  arborescent  structures  and  do  not  occur  only  in  adults ; 
he  states  that  he  also  found  them  in  the  pneumonic  expectoration  of 
a  child  eight  years  of  age. 

The  view  of  Damaschino,  that  the  fibrin  coagulum  in  pneumonia 
represents  solid  material,  is  only  applicable  to  the  contents  of  the 
finer  bronchi.  If  the  fibrinous  bronchial  contents  extend  from  the 
alveoli  into  the  bronchi  with  a  wider  lumen,  cylindric-formed  exudates 
must  also  occur,  just  as  they  do  in  croup.  Of  course,  this  cannot  be 
frequent,  for  only  Lebert  ^*^  reports  a  case  in  which  a  croupous  mem- 
brane C'des  fausses  membranes")  extended  from  the  left  hepatized 
lower  lobe,  from  the  finest  bronchioles  into  the  chief  bronchus.  In 
another  place  Lebert  ^^*  refers  to  this  case,  and  adds  that  the  fibrin- 
ous cylinders  had  numerous  branches  and  represented  a  bronchial 
twig  with  its  various  ramifications,  that  they  had  a  milky  white 
appearance,  and  that  the  larger  cylinders,  of  the  thickness  of  an  ordin- 
ary writing-pen,  were  hollow,  while  the  smallest  ramifications  did  not 
show  any  canal-shaped  lumen. 

The  microscopic  examination  shows  that  the  principal  constituent 
is  a  streaky,  granular,  thready  material  which  embraces  many  pus- 
cells  and  but  few  epithelial  cells.  The  fine  stripes  of  the  thready 
material  are  very  plain,  very  fine,  sharply  outlined,  and  run  partly 
parallel  and  partly  divergent. 

The  origin  of  the  fibrinous  bronchial  expectoration  is  not  difficult 
to  explain  when  we  consider  the  processes  described  as  occurring  dur- 
ing gray  hepatization ;  it  represents  a  process  in  the  finest  bronchi 
similar  to  the  emigration  of  the  white  blood-corpuscles  into  the 
alveoli,  and  histologically  are  the  same  as  the  alveolar  contents  which 
are  inclosed  in  a  uniform  fibrin  network,  during  gray  hepatization. 
As  has  been  remarked  above,  the  finest  bronchioles  may  be  filled 
with  white  blood-corpuscles  at  their  points  of  transition  into  the 
alveoli  even  in  the  stage  of  red  hepatization ;  that  is,  while  the  alveoli 
are  still  filled  with  pure  blood;  from  there  the  exudate  may  ex- 
tend into  the  larger  bronchi,  and  then  form  fibrinous  masses. 

Thrombosis. — A  rarer  occurrence  in  inflammation  of  the  lungs  is 
venous  thrombosis  occurring  within  the  inflamed  lobe,  and  still  rarer 
is  its  extension  beyond  this  lobe.  Hasse  says :  In  the  third  stage  the 
circulation  appears  to  be  entirely  interrupted  in  the  affected  portion 
of  the  lung ;  at  least  one  finds  that  the  smaller  branches  of  the  pul- 
monary artery,  and  occasionally  also  the  pulmonary  veins,  are  filled 
partly  with  coagulated  blood  and  partly  with  fibrinous  concretions. 
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wSimilarly,  Virchow  states  ^■'^  that  obliteration  of  individual  branches  of 
the  pulmonary  artery  frequently  occurs  in  ])neunionia.  In  this  he  sees 
the  proof  for  the  secondary  coagulation  of  a  column  of  blood  impeded 
by  mechanical  interruption.  I  saw  a  marked  pulmonary  venous 
thrombosis  in  a  case  of  fatal  traumatic  pneumonia.  [Pratt  found  in 
the  smaller  vessels  and  capillaries  in  over  half  the  cases,  giant  cells 
of  bone-marrow,  transition  cells;  plasma  cells  and  phagocytes  were 
found. — Ed.] 

The  occurrence  of  such  a  thrombosis  may  be  traced  to  a  coagulation 
in  the  smallest  vessels  as  a  consequence  of  the  local  stasis.  Ribbert 
observed  such  a  coagulation^"";  I  also  observed  a  pneumonia  which 
became  fatal  during  the  third  stage.  The  process  is  entirely  analogous 
to  venous  thrombosis  occurring  in  the  leg  originating  from  a  small 
muscular  vein.  It  is  not  justifiable  to  attribute  the  thrombosis  to 
compression  of  the  tissue  by  the  exudate;  no  more  is  it  justifiable 
to  consider  it  due  to  an  occlusion  of  the  blood  column  caused  by  a 
mechanical  interference. 

Pleurisy. — ^The  pleura  corresponding  to  the  affected  lobe  regularly 
becomes  involved  in  the  inflammatory  process  to  a  variable  degree. 
In  the  mildest  grades  the  pleura  over  the  diseased  lobe  loses  its 
glistening  appearance  and  the  blood-vessels  become  distended  with 
blood.  Punctate  hemorrhages  occur,  and  the  surface  of  the  mem- 
brane is  often  covered  mth  delicate  easily  detachable  deposits  of 
fibrin.  [Polymorphonuclear  leucocytes,  transition  cells,  and  blood- 
corpuscles  were  caught  in  the  fibrin  mesh  work. — Ed.]  Quite  fre- 
quently there  are,  in  addition,  large  serous  efTusions  containing 
numerous  threads  of  fibrin,  arranged  in  the  form  of  a  spider's  web 
and  extending  from  the  visceral  to  the  parietal  layer  of  the  pleura. 
More  rarely  the  effusion  consists  altogether  of  pus  and  contains 
larger  masses  of  fibrin,  as  large  as  a  plum  or  even  larger,  scattered 
through  the  purulent  fluid.  In  cases  in  which  the  empyema  has  been 
treated  by  operation,  a  coagulum  of  this  kind  may  be  large  enough 
to  occlude  the  opening  in  the  thorax  made  by  resecting  the  ribs. 

A  pleural  effusion  may  also  occur  when  the  upper  lobe  only  is  in- 
volved; if  the  layers  of  the  pleura  are  not  adherent,  the  fluid  ^\dll,  of 
course,  gravitate  to  the  lower  portion  of  the  thorax.  This  associa- 
tion, which  was  first  pointed  out  by  Traube  (^",  p.  16),  is  compara- 
tively^ rare.  The  pleuris}^  in  such  cases  corresponds  in  position  to  the 
diseased  lobe;  the  fluid  portion  of  the  pleural  exudate  falls  drop  by 
drop  into  the  lowest  portion  of  the  pleural  sac,  and  compresses  the 
lower  lobe  of  the  lung  to  a  degree  proportionate  with  the  quantity 
of  exudate  present. 

Bronchial  Glands. — In  cHrect  relation  to  the  pulmonary  disease  is 
also  the  occm'rence  of  enlargement  of  the  bronchial  glands.  Rilliet 
and  Barthez  observed  this  in  children,  and  Grisolle  observed  it  in 
adults.  The  latter  once  found  a  gland  which,  according  to  its  ap- 
pearance and  consistency,  was  looked  upon  as  representing  purulent 
infiltration. 
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To  avoid  repetition,  other  rare  complications  affecting  the  lung 
tissue  itself  and  the  influence  on  the  anatomic  relations  of  other 
organs  will  be  cUscussed  in  the  section  on  complications.  [The  glands 
are  involved  late  in  the  disease.  They  are  distended  with  cells,  fibrin, 
and  coagulated  serum. — Ed.] 


THE  CAUSE  OF  CROUPOUS  PNEUMONIA, 

Anticipating  bacteriologic  examinations,  v.  Jiirgensen  explained 
that:  Croupous  pneumonia  is  a  general,  and  not  a  local  disease. 
The  inflammation  of  the  lung  is  only  the  principal  symptom ;  the 
clinical  phenomenon  cannot  be  explained  by  the  local  affection.  It 
is  necessary  that  we  assume  a  specific  cause.  Croupous  pneumonia 
belongs  to  the  group  of  infectious  diseases  ("^,  p.  143). 

Klebs  was  the  first  one  to  demonstrate  the  presence  of  bacteria 
in  the  sputum  of  pneumonia.  He  called  these  bacteria  "monadins." 
Later,  Ebert  and  Koch  also  found  "pneumonia  cocci"  in  the  in- 
flamed lung,  in  the  accompanying  meningitic  exudate,  and  in  the 
blood.  Leyden  and  Giinther  demonstrated  these  in  a  pneumonic  lung 
during  life  by  means  of  puncture. 

We  are  indebted  to  Friedliinder  for  an  extensive  investigation 
which  first  brought  the  question  prominently  into  view.  This  is  not 
the  place  to  give  an  exact  description  of  these  preliminary  labors 
which  led  to  the  study  of  the  cocci  found  in  pneumonia.  The  text- 
books on  pathologic  mycology,  above  all,  that  of  Baumgarten,  deal 
with  the  question  in  an  extensive  manner.  Neither  is  this  the  place  to 
consider  the  manner  of  cultivating  the  bacteria,  no  more  than  to  con- 
sider the  methods  of  auscultation  and  percussion  when  discussing  the 
symptomatology. 

Concerning  Friedlander's  pneumococcus,  Baumgarten  says:  Fried- 
lander's  microbe  is  certainly  only  demonstrable  by  means  of  culture 
methods  peculiar  to  its  cultivation  in  a  small  portion  of  cases  of 
typical  croupous  pneumonia;  and  even  in  these  cases  the  fact  is 
not  to  be  ignored  that  the  specific  pathogenic  microbe  may  have  dis- 
appeared and  a  micro-organism,  that  has  secondarily  gained  ingress, 
may  have  contributed  to  the  production  and  further  development  of 
the  pneumonic  process.  Neither  have  the  results  of  experiments  on 
animals  given  sufficient  proof;  for,  irrespective  of  the  fact  that  in- 
flammatory changes  in  the  lung,  as  they  are  caused  by  the  pneumonia 
coccus  of  Friedlander,  may  also  be  caused  by  other  bacteria  as  well 
as  by  chemical  injuries,  this  pneumonia  coccus  proves  itself  entirely 
ineffectual  in  rabbits;  why  cannot  man  also  be  indifferent  to  the 
same?  It  is  therefore  questionable  whether  Friedlander 's  cocci  have 
anything  at  ah  to  do  with  the  causation  of  genuine  croupous  pneu- 
monia; and  the  theory,  which  until  quite  recently  was  generally 
accepted,  that  the  Friedlander  microbe  is  the  cause,  or  at  least  one 
of  the  causes,  of  genuine  croupous  pneumonia  in  man,  cannot  now 
be  regarded  as  sufficiently  justified  by  the  facts. 
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The  observations  of  Frac^nkel  and  A\'oichsoll)aum  first  permitted 
us  to  reach  more  certain  conclasions  concerning  the  nature  of  the 
exciting  cause  of  pneumonia. 

Fraenkel  succeeded  in  cultivating  from  lungs  affected  by  pneu- 
monia under  high  temperature  (most  suitably  at  35°  C. — 95°  F.)  an 
oval-shaped  diplococcus  whose  shape  unmistakably  resembled  that  of 
a  lancet.  When  transmitted  to  animals,  this  diplococcus  showed 
itself  markedly  virulent.  A  small  quantity  of  the  culture  injected 
under  the  skin  of  a  rabbit  caused  death  in  from  twenty-four  to  forty- 
eight  hours,  the  blood  being  filled  with  characteristic  diplococci. 
When  the  culture  is  injected  through  the  wall  of  the  thorax  into  the 
lung,  there  generally  arises  a  pleurisy  and  fibrinous  pericarditis;  occa- 
sionally there  also  results  a  lobar  inflammation  of  the  lung  which 
anatomically  corresponds  to  croupous  pneumonia  in  man.  Similar 
diplococci  have  also  been  found  in  empyema  following  pneumonia 
and  in  meningitis  complicating  pneumonia. 

Fraenkel  considers  it  especially  worthy  of  notice  that  this  diplo- 
coccus rapidly  loses  its  pathogenic  properties  both  by  cultivation  at 
41°  to  42°  C.  (105.8°  to  107.6°  F.)  and  by  an  insufficient  reculti- 
vation  of  the  colonies. 

Weichselbaum  examined  129  cases  of  inflammation  of  the  lung  of 
various  kinds  and  found:  (1)  A  coccus  proA^ded  ^^ith  a  capsule,  lancet- 
shaped  and  occasionally  round,  which  corresponded  to  Fraenkel 's 
Diplococcus  pneumoniae,  and  which  was  generally  arranged  in  pairs, 
although  it  also  occurred  singly  in  short  chains  of  four,  six,  or  more 
cocci;  (2)  the  Streptococcus  pneumoniae,  similar  to  the  first,  but  fre- 
quently in  chain  formations ;  (3)  the  Bacillas  pneumoniae,  which  Hke- 
wise  posseses  a  capsule;  (4)  Streptococcus. 

Among  129  cases  he  found  Diplococcus  pneumoniae  94  times; 
and  in  these,  54  times  in  pure  culture.  Eighty  of  these  were  primary 
pneumonias  and  five  secondary.  In  the  diseased  lungs  were  found 
Diplococcus  pneumoniae  as  well  as  Bacillus  pneumoniae;  and  the 
more  recent  the  process,  the  more  micro-organisms  were  found  and 
the  more  pronounced  was  the  capsule  formation.  In  areas  of  gra}^  as 
well  as  of  red  hepatization  either  a  few  non-encapsulated  and  poorly 
stained  organisms  were  present  or  none  at  all  were  noted. 

The  bacteria  of  pneumonia,  however,  are  also  found  in  complicat- 
ing pleurisy,  pericarditis,  peritonitis,  and  meningitis.  In  the  latter 
disease  an  extension  of  the  process  could  be  traced  along  the  cellular 
tissue  of  the  neck  to  the  submucosa  of  the  pharynx  and  to  the  acces- 
sory ca^^ties  of  the  nose,  and  in  all  these  places  the  presence  of  Diplo- 
coccus pneumoniae  could  be  demonstrated,  so  that  it  had  to  be  accepted 
that  a  continuation  of  the  process  from  the  accessory  ca\dties  of  the 
nose,  and  particularly  from  the  labyrinth  of  the  ethmoid  bone  to  the 
lymph  channels  and  thence  to  the  meninges,  gave  rise  to  the  menin- 
gitis. The  possibility,  however,  should  not  be  excluded  that  the 
exciting  cause  ma}^  also  have  reached  the  meninges  through  the  blood. 

Injections  of  cultures  of  Diplococcus  pneumoniae  into  the  thoracic 


410  INFLAMMATIONS  OF  THE  LUNGS. 

cavity  of  rabbits  produced,  in  addition  to  pleurisy,  pericarditis,  and 
enlargement  of  the  spleen,  frequently  also  pneumonia  in  one  or  both 
lungs,  but  generally  in  the  form  of  hepatization. 

According  to  Weichselbaum,  there  is  no  specific  pneumonic  virus ; 
genuine  croupous  pneumonia  can  also  be  caused  by  several  varieties  of 
fission  fungi ;  it  is  a  local  disease. 

But  if  we  add  to  these  observations  that  Wolff  among  70  cases 
found  the  diplococcus  of  pneumonia  in  66  cases,  we  are  almost  forced 
to  acknowledge  that  the  view  of  Fraenkel  is  correct — namely,  that 
Diplococcus  Fraenkel- Weichselbaum  is  the  exclusive  cause  of  croupous 
pneumonia.  Concerning  the  few  cases  in  which  Weichselbaum  could 
not  demonstrate  it,  Baumgarten  says:  "If  we  consider  that  the 
method  of  cultivation  adopted  by  Weichselbaum  does  not  exclude  a 
possibility  of  overlooking  the  diplococcus;  further,  if  we  remember 
the  extraordinarily  rapid  disappearance  of  the  vitality  of  the  coccus 
in  artificial  culture-media,  which  allows  of  the  analogy  of  a  similar 
behavior  also  for  the  natural  cultures  in  the  infected  organism,  the 
small  number  of  failures  in  the  slight  percentage  of  cases  can  readily 
be  ascribed  to  this  cause ;  and  it  is  evident  that  the  Fraenkel- Weich- 
selbaum pneumococcus  is  a  constant  accompaniment  of  genuine 
croupous  lobar  pneumonia  in  man,  and,  it  may  be  added,  according 
to  the  findings  of  many  authors,  that  these  bacteria  are  present  in 
large  quantities  and,  as  a  rule,  unmixed  with  other  micro-organisms." 

The  correctness  of  this  fundamental  statement  cannot  be  doubted, 
notwithstanding  that  lately  it  has  been  shown  that  the  vitality  of 
Diplococcus  pneumoniae  is  not  as  feeble  as  was  formerly  supposed. 
Foa  could  preserve  the  organism  fifty  to  sixty  days,  provided  he 
obtained  the  blood  from  the  infected  rabbits  as  soon  as  the  latter 
died  or  were  about  to  die,  still  cultivated  it  for  twenty-four  hours  in 
order  to  increase  the  diplococci,  and  then  allowed  it  to  remain  in  the 
dark  under  a  cool  temperature  (65°  C— 149°  F.).  Similarly,  Em- 
merich has  shown  that  pneumococci  retained  their  power  of  develop- 
ment and  virulence  for  months  if  kept  in  bouillon,  provided  they  were 
cultivated  for  some  days  in  the  thermostat  in  one-half  to  one  liter  of 
bouillon  and  then  kept  at  ordinary  temperature  in  the  dark,  and  then 
employed  for  the  transmission  of  the  precipitate.  As  a  rule,  this 
transmission  from  bouillon  cultures  one  to  two  months  old  may  even 
then  be  successful  if  the  precipitates  from  two  well-developed  test- 
tube  bouillon  cultures  are  placed  in  a  new  bouillon  solution  (about 
15  c.c).  He  comes  to  the  conclusion  that  among  the  pneumonia 
cocci  there  are  also,  if  only  very  few,  more  permanent  forms  present. 
Fraenkel  and  Reichl,  with  the  aid  of  their  own  methods,  have  suc- 
ceeded in  preser\dng  the  diplococci  for  a  long  time. 

Although  it  must  be  admitted  that  the  etiologic  significance  of 
Diplococcus  pneumoniae  is  strongly  supported  by  the  frequency  and 
the  relative  regularity  with  which  it  is  found  in  croupous  pneu- 
monia, the  proof  of  a  true  specific  action  is  still  lacking.  Diplococcus 
pneumoniae  does  not  necessarily  cause  characteristic  croupous  pneu- 
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monia  when  it  becomes  pathogenic  in  the  human  or  animal  body; 
it  may  also  cause  other  pathologic  conditions  which  have  nothing  in 
common  with  pneumonia,  and  for  this  reason  a  ])athologic  condition 
of  organs  seems  to  be  necessar}'  for  Diplococcus  pneumoniie  to 
develop  its  activity. 

Diplococcus  pneumoniae  is  unquestionably  present  in  meningitis 
which  arises  independent  of  pneumonia,  in  cerebrospinal  meningitis, 
in  endocarditis,  in  cases  of  primary  pleurisy,  peritonitis,  endome- 
tritis, and  purulent  arthritis.  Even  Weichselbaum  reports  these 
findings.  The  latter,  later  on,  was  so  extensively  confirmed  that 
there  can  be  absolutely  no  doubt  of  it.  I  myself  in  the  year  1880 
demonstrated  micrococci  in  the  exudate  of  two  cases  of  cerebrospinal 
meningitis,  where  the  organisms  were  partially  free  in  the  pleura  and 
partially  within  the  pus-cells.  Many  of  the  individual  cocci  showed 
marked  motility.  I  found  similar  forms  in  the  blood,  in  the  heart, 
in  the  splenic  pulp,  and  in  six  areas  in  the  lungs  which  were  present 
in  both  cases  and  were  hardly  the  size  of  a  hazelnut  and  which  had 
exactly  the  appearance  of  a  lobar  pneumonia  in  the  stage  of  gray 
hepatization.  I  believe  these  areas  were  secondary.  Later  Leyden 
and  Leichtenstern  reported  similar  findings.  The  first  observer  is 
disposed  to  consider  idiopathic  cerebral  and  the  cerebrospinal  menin- 
gitis as  exclusively  due  to  the  influence  of  Diplococcus  pneumonise, 
and  septic  meningitis  arising  after  erysipelas  or  trauma  as  due  to 
Streptococcus.  According  to  my  own  observations,  I  can  thoroughly 
agree  with  the  latter  assumption.  While,  on  the  one  hand,  it  can  be 
considered  as  proved  that  Diplococcus  pneumoniae  may  produce  a 
great  variety  of  diseases  in  man;  on  the  other  hand,  it  has  been 
established  by  experiments  on  animals  that  this  micro-organism  in 
at  least  a  great  many  cases  is  hardly  able  to  cause  a  pure  pronounced 
pneumonia  which  is  entirely  identical  with  that  of  man  and  charac- 
terized bj'  its  exclusive  involvement  of  the  lungs.  Only  in  a  few 
cases  Fraenkel  as  well  as  Weichselbaum  succeeded  in  causing  pneu- 
monic processes  by  the  intrapulmonar}^  injection  of  the  pneumonia 
culture.  This  cannot  be  accomplished  ^^dth  certainty,  as  Fraenkel 
himself  admitted  (compare  Baumgarten,  p.  251).  Gamaleia,  by  pul- 
monary injections  of  the  diplococcus,  caused  typical  fibrinous  pneu- 
monia, it  is  true  not  in  mice  and  rabbits,  but  in  dogs  and  sheep. 
For  the  purpose  of  obtaining  these  positive  results,  cultures  were  in- 
jected which  were  increased  in  their  virulence  by  successively  passing 
them  through  rabbits.  By  the  inhalation  of  moistened  dust  contain- 
ing cocci  Weichselbaum  succeeded  in  bringing  about  a  fatal  infection 
in  mice,  but  the  lungs  showed  themselves  intact.  Subcutaneous  in- 
jections proved  entirely  negative.  Similar  unfavorable  results  were 
obtained  by  experimenting  with  the  sputum  of  pneumonia  patients 
and  with  pieces  of  the  lung  taken  from  persons  who  had  died  from 
pneumonia.  Kiihn  like^^dse  did  not  obtain  any  positive  results  by  the 
subcutaneous  injections  of  sputum  from  patients  afflicted  with,  pneu- 
monia.    Griffini  and  Cambrini,  experimenting  with  pneumonic  sputa, 
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only  succeeded  in  producing  death  with  the  symptoms  of  septicemia. 
Mendelsohn  did  not  obtain  any  positive  results  with  inoculations  of 
pneumonic  sputum.  The  animals  either  remained  alive  or  died 
without  the  development  of  the  local  pulmonary  lesions.  I  have 
never  succeeded  in  producing  a  croupous  pneumonia  in  healthy 
rabbits  by  subcutaneous  or  intrapulmonary  injection  of  pneumonic 
sputum.  The  principal  results  were  only  pleurisy  and  pericarditis. 
The  rabbits  that  were  inoculated  subcutaneously  or  by  intrapul- 
monary injection  with  pure  cultures  of  pneumonia  cocci  remained 
alive.  Only  Salvioli  states  that  he  has  produced  croupous  lobar 
pneumonia  in  guinea-pigs  by  tracheal  injection  of  exudates  from  the 
lungs  of  those  dying  from  pneumonia  and  those  that  contained  en- 
capsulated cocci. 

According  to  my  opinion,  the  almost  constant  failure  to  produce 
croupous  pneumonia  is  explained  by  the  fact  that  local  conditions — 
that  is,  pathologic  conditions — must  be  present  to  render  possible  the 
permanent  deposition  and  multiplication  of  Diplococcus  pneumoniae. 
This  seems  to  be  sufficiently  proved  by  a  series  of  experiments  which 
were  reported  as  early  as  the  year  1884.  I  beheve  I  should  repeat 
here  what  I  reported  at  that  time: 

Experiment  1. — On  February  10,  1884,  I  rubbed  up  a  piece  of  a  gray 
hepatized  lung  in  water,  and,  having  filtered  the  fluid  through  linen, 
injected  it  by  means  of  a  Pravaz  syringe  into  a  vigorous,  pregnant  rabbit. 
After  two  days  the  animal  aborted,  and  in  six  days  it  was  found  dead. 
Postmortem  examination  showed  a  purulent  infiltration  of  the  tissue  in 
the  region  of  the  point  of  injection,  suppurative  pericarditis,  and  peri- 
tonitis wdth  slight  fibrinous  adhesions  between  the  intestines;  the  spleen 
moderately  enlarged ;  the  uterus  externally  intensely  red,  almost  bluish- 
red,  and  its  mucous  membrane  markedly  reddened;  around  the  same 
there  were  six  circumscribed  areas  of  discolored  purulent  serum  the  size 
of  a  ten-pfennig  piece.  The  pus  in  the  pericardium  and  peritoneum,  as 
well  as  in  the  placental  areas  of  the  uterus,  showed  a  great  number  of 
micrococci,  which  resembled  in  every  respect  pneumonia  cocci. 

Experiment  2. — I  made  the  same  experiment  on  February  21st  with 
a  piece  of  a  gray  hepatized  lung  that  I  had  prepared  in  the  same  way. 
On  the  23d  the  animal  gave  birth  to  three  dead  fetuses  almost  at  full 
term.  The  animal  died  on  the  24th.  The  postmortem  examination 
was  conducted  two  hours  after  death.  At  the  point  of  injection  there 
was  purulent  edema.  With  the  exception  of  the  uterus  the  internal 
organs  showed  no  abnormality.  In  the  uterus  I  found  still  another 
fetus  whose  placenta  was  loosened  in  part  from  its  point  of  attach- 
ment. The  uterus  and  placenta  showed  a  whitish  discoloration.  Of 
the  three  remaining  placental  areas,  which  occupied  the  right  half  of 
the  uterus,  two  had  a  discolored  hemorrhagic  appearance  and  the 
third  a  well-pronounced  diphtheritic  appearance.  The  grayish-white 
masses  which  were  here  found  could  be  partially  scraped  off.  All  the 
mucous  membrane  of  the  uterus  between  these  placental  areas  was 
markedly  swollen,  and  especially  in  comparison  with  the  left  half  of  the 
organ;  the  latter  had  also  a  hazy  appearance  and  was  covered  with 
numerous  punctate  hemorrhages. 
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Microscopic  preparations  were  made  from  the  areas  surrounding  the 
point  of  injection  in  the  diphtheritic  placental  area  and  from  the  dis- 
eased uterine  mucous  membrane;  identical  micrococci  were  generally 
found  arranged  in  pairs.  Occasionally  three  to  four  diplococci  formed  a 
chain,  the  whole  ha\dng  a  pale  envelope. 

The  result  of  these  experiments  was,  as  a  matter  of  fact,  almost 
strikingly  as  I  had  expected.  In  one  rabbit  stall  in  which  in  the  ten 
years  of  its  existence  no  rabbit  had  ever  died  in  consequence  of  gi^^ng 
birth  to  a  litter,  there  died  after  the  injection  of  a  fluid  derived  from  a 
pneumonic  lung,  two  pregnant  animals  shortly  after  aborting.  The  one 
which  had  lived  somewhat  longer  showed  upon  macroscopic  examination 
a  diphtheritic  inflammation  of  the  placental  areas,  a  peritonitis  and  peri- 
carditis; the  other  showed  an  exquisite  hemorrhagic  endometritis  and 
also  diphtheria  of  the  placental  areas.  The  pathogenic  micro-organisms 
found  in  the  diseased  areas  were  identical  with  one  another  as  well  as 
with  those  which  were  employed  for  the  injection,  and,  what  is  still  more 
significant,  completely  resembled  those  which  are  found  in  human  diph- 
theritic puerperal  endometritis.  The  identity  of  the  micrococci  ob- 
tained from  a  fibrin-clot  which  has  been  expectorated  by  a  pneumonia 
patient,  with  micrococci  from  the  endometrium  of  a  rabbit  that  had 
died  of  diphtheritic  endometritis,  and  with  micrococci  from  the  endo- 
metrium of  a  woman  who  had  died  of  diphtheritic  endometritis,  was 
demonstrated  under  the  microscope  with  fuchsin  as  a  stain.  T  do  not 
believe  there  is  any  doubt  about  the  microscopic  identity  of  these  three 
sets  of  micro-organisms. 

Experiment  3. — Next  I  wanted  to  be  satisfied  that  the  change  taking 
place  in  the  pneumonic  lung  in  the  dead  body  did  not  materially  influence 
the  experimental  result.  I  therefore  employed  the  sputa  of  a  patient 
afiljcted  vrith.  pneumonia,  for  in  this  expectoration  the  diplococci  can  as 
well  be  found  as  in  the  lungs  of  cadavers.  As  it  incidentally  proved  quite 
convenient,  I  injected  one  cubic  centimeter  of  pneumonic  sputum  into  a 
rabbit  two  hours  after  the  animal  had  given  birth  to  six  young  ones. 
Forty-two  hours  thereafter  the  animal  died.  At  the  point  of  injection 
there  was  a  purulent  infiltration  the  size  of  a  dollar,  and  close  thereby  the 
connective  tissue  was  swollen  and  appeared  gelatinous.  The  glandular 
substance  of  the  mammae  contained  considerable  milk,  the  latter  being 
evacuated  in  great  quantity  upon  incision.  Lungs  and  heart  showed  no 
abnormality.  The  spleen  was  not  enlarged.  The  liver  showed  in  its 
dark-brown  substance  several  punctate  grayish  areas.  Punctiform 
hemorrhages  were  found  in  the  kidneys.  The  vagina  was  pale;  the 
mucous  membrane  of  the  uterus  was  swollen  throughout,  dark  red,  and 
covered  by  numerous  hemorrhages  the  size  of  a  pin-head.  These 
changes  were  most  marked  at  the  placental  area,  which  also  contained 
a  few  small  blotches  of  a  discolored  purulent  appearance. 

The  dry  preparations  of  subcutaneous  connective  tissue  stained  ^nth 
fuchsin,  and  preparations  of  the  blood,  of  the  liver,  and  of  the  inner  surface 
of  the  uterus,  showed  numerous  micro-organisms,  almost  exclusively  in 
the  form  of  diplococci.    Most  of  the  latter  possessed  a  light  pale  envelope. 

ExPERiMEXT  4. — A  piece  of  liver  taken  from  the  just-described  rab- 
bit which  had  died  of  puerperal  endometritis  in  consequence  of  subcu- 
taneous injections  \\ith  pneumonic  sputa,  was  rubbed  up  in  distilled  water, 
filtered  through  linen,  and  subcutaneously  injected  by  means  of  a  Pravaz 
syringe  into  a  moderately  large  pregnant  rabbit.     After  thirty-six  hours 
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four  young  rabbits  almost  at  full  term  were  found.  The  animal  died 
in  five  days.  The  areas  surrounding  the  point  of  injection  and  a  por- 
tion of  the  mammary  tissue  on  the  right  side  were  infiltrated  with  pus. 
A  large  quantity  of  a  serous  fluid  was  found  in  the  pericardium.  The 
pericardium  itself  appeared  slightly  turbid;  a  moderate  quantity  of  serous 
fluid  was  also  found  in  both  pleural  cavities.  The  lungs  could  contain 
air  without  difficulty. 

The  intestines  were  adherent  by  abundant  but  easily  detachable 
fibrinous  masses ;  the  uterus  was  irregularly  colored  a  markedly  livid  red, 
and  a  portion  of  the  same,  where  the  wall  was  thicker,  showed  a  discolored 
grayish-white  appearing  serosa.  Corresponding  to  this  area,  the  uterus 
contained  a  remaining  placenta  whose  uterine  surface  of  attachment 
appeared  discolored  and  gray.  The  placental  tissue  itself  had  up  to  a 
certain  depth  a  similar  appearance,  which  could  not  be  removed  by 
scraping  away  the  upper  layers.  The  remaining  three  placental  areas  had 
a  discolored  hemorrhagic  appearance.  Macroscopically  the  liver  and  the 
spleen  appeared  unchanged ;  the  kidneys  were  large,  and  in  some  places 
covered  with  red  spots. 

Dry  stained  preparations  from  the  surface  of  attachment  of  the  re- 
maining placenta,  from  the  placental  areas  of  the  uterus,  as  well  as  from 
the  blood  and  the  liver,  showed  very  numerous  diplococci. 

This  experiment  may,  then,  be  considered  as  representing  a  pure  cul- 
ture of  bacteria  in  the  animal.  The  fluid  obtained  by  rubbing  up  a  piece 
of  the  liver  from  the  rabbit  that  had  died  of  diphtheritic  endometritis, 
and  which  contained  the  specific  diplococci,  sufficed  to  cause  the  same  dis- 
ease in  another  pregnant  rabbit,  with  a  marked  increase  in  the  number 
of  the  micro-organisms. 

It  may,  therefore,  be  considered  as  a  fact  that  the  subcutaneous  injec- 
tion of  pneumonia  cocci  causes  a  diphtheritic  endometritis  independent 
of  the  fact  whether  these  cocci  are  found  in  the  dead  pneumonic  lung  or 
in  the  sputum  of  pneumonia  patients,  or  in  the  pure  culture  of  the  blood 
of  an  animal  that  has  died  of  puerperal  endometritis  caused  by  such 
sputum. 

It  therefore  was  possible  for  me  by  these  experiments  to  cause 
such  grave  pathologic  changes  as  to  produce  the  death  of  the  animals 
experimented  upon ;  -but  the  lungs  were  not  affected — only  such  an 
organ  in  the  animals  which  at  the  time  of  infection  with  the  pneumonia 
cocci  offered  the  greatest  disposition  for  the  adhesion  of  the  organism, 
namely,  the  uterus.  In  three  cases  the  animals  were  experimented 
upon  shortly  before  they  gave  birth  to  a  litter,  and  one  had  had  young 
ones  two  hours  previously.  In  all  cases  a  diphtheritic  endometritis 
resulted.  That  the  diplococcus  of  pneumonia  was  the  cause  of  this 
affection  can  be  deduced  wdth  certainty  from  the  fourth  experi- 
ment ;  for  while  in  the  first  two  experiments  pieces  of  pneumonic  lung 
taken  from  the  cadaver  were  employed,  and  in  the  third  experiment 
the  sputum  of  a  pneumonia  patient,  the  fourth  experiment  was  per- 
formed with  a  portion  of  liver  the  blood  of  which  on  microscopic 
examination  was  found  to  contain  only  a  pure  culture  of  the  diplo- 
coccus. 

As  a  confirmation  of  this  experimental  result,  I  can  add  from  the 
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literature  an  observation  on  man  that  was  made  l)y  Czemetschka. 
This  author  describes  a  patient  in  whom,  during  pregnancy,  an  infec- 
tion had  taken  place,  and,  as  postmortem  examination  showed,  from 
the  nasal  ca\'ity.  Not  only  a  pneumonia  develoi)cd,  and  later  on 
meningitis  and  endocarditis,  but  the  fetus  also  was  infected  with  pneu- 
monia by  the  mother,  and,  in  consequence  of  this  acquired  pneumonia, 
died  soon  after  birth.  In  the  patient  herself  the  infection  had  been 
carried  by  the  blood  stream  from  the  placental  site,  and  had  gi\-en 
rise  to  a  suppurati^'e  metro-lymphangitis  and  a  purulent  infiltration 
of  a  vaginal  laceration.  One  and  the  same  cause,  the  Diplococcus 
pneumoniir,  had  thus  caused  the  various  pathologic  conditions  in  the 
organism  of  the  puerperal  woman.  I  myself  have,  on  the  strength  of 
the  experience  gained  from  these  experiments,  immediately  insti- 
tuted intra-uterine  treatment  (carbolic  acid  irrigation),  and  have 
seen  recovery  follow  in  two  women  who  had  suffered  from  pneumonia 
while  far  advanced  in  pregnancy,  and  who  subsequently  gave  birth 
to  children. 

Ha\Tng  therefore  estabHshed  the  fact  that  Diplococcus  pneu- 
monise  is  never  absent  in  croupous  pneumonia,  and  that,  accord- 
ing to  our  present  pathogenetic  \dews,  the  chplococcus  can  be  con- 
sidered as  the  cause  of  a  particular  form  of  pulmonary  inflammation, 
— namely,  the  croupous, — notwithstanding  that  experiments  upon 
animals  do  not  yet  fully  substantiate  tliis,  and  that  accessory 
powers  are  necessary  to  permit  the  \drulence  of  the  organism  to 
develop  locally;  the  question  arises,  By  what  path  does  it  gain 
access  to  the  body?  That  the  ^drus  in  localized  diseases  of  the 
respiratory  organs — therefore,  also,  that  of  croupous  pneumonia — is 
inhaled,  has  been  already  declared  by  Cohnheim  (p.  224).  Baum- 
garten  states  that  it  can  hardly  be  doubted  that  under  natural  con- 
ditions the  pneumonia  \drus  enters  the  lung  from  the  respirator}'' 
passages,  remains  there,  and  only  later  becomes  localized  in  other 
organs.  At  least  there  is  an  absolute  lack  of  proof  that  in  genuine 
croupous  pneumonia  of  man  the  pneumonia  ^drus  is  primarily  de- 
veloped in  the  blood,  and  from  there  attacks  individual  organs,  espe- 
cially the  lungs.-^"  Ribbert  also  assumes  that  the  pneumonic  process 
has  its  inception  in  the  respiratory  passages.  The  cocci  are  found 
chiefly  in  the  interior  of  the  cells.  This  author,  it  is  true,  bases  his 
view  on  the  assumption  that  the  pneumonia  begins  in  the  broncliioles 
and  alveolar  passages,  and  from  them  spreads  to  the  surrounding 
regions. 

In  support  of  these  \dews  is  the  finding  of  the  cUplococci  in  the 
pneumonic  exudate.  Orthenberger,  with  Weigert's  method  of  stain- 
ing, has  shown  that  in  a  series  of  fatal  cases  of  croupous  pneumonia 
taken  at  random  and  caused  by  the  diplococcus  or  streptococcus  of 
pneumonia,  the  cocci  were  situated  in  the  cellular  alveolar  exudate 
and  within  the  cells  themselves;  as  well  as  that  in  these  cases,  even 
if  no  complications  in  other  organs  had  occurred,  the  micro-organ- 
isms were  to  be  found  with  certainty  in  the  white  blood-corpuscles 
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and  also  in  the  vessels  of  the  body.  Conrad  Zenker  found  numerous 
pneumonia  diplococci  in  the  leucocytes  in  the  alveoli  as  well  as  in 
the  interstitial  tissue  in  pneumonia  with  abscess  formation. 

It  is  easy  to  determine  whence  the  diplococci  come  that  enter  the 
lung  from  the  respiratory  tract — namely,  from  the  respiratory  tract 
itself,  for  they  are  so  frequently  found  in  the  mouth,  in  the  nose,  and 
in  the  air-passages  of  healthy  individuals  that  it  can  confidently 
be  asserted  that  they  are  only  waiting  for  a  chance  to  become  patho- 
genic in  the  lung. 

Netter  demonstrated  Diplococcus  pneumoniae  in  the  .saliva.  In 
a  very  extensive  series  of  experiments  v.  Besser,  by  examining  81 
times  the  nasal  mucous  membrane  of  57  men,  found  Diplococcus 
.pneumoniae  14  times,  and  proved  it  to  be  such  by  pure  culture  as 
well  as  by  transmission  into  animals.  In  ten  cases  shortly  after  death 
the  bronchial  secretion  was  examined  under  all  precautions  and  Diplo- 
coccus pneumoniae  found  three  times.  The  cases  were :  A  fracture  of 
the  cervical  vertebra,  tuberculosis  of  the  peritoneum,  and  a  case  of  en- 
teric fever.  Bein  considers  that  the  number  of  people  in  whose 
mouths  the  pneumococci  are  present  is  30%.  The  reports  of  indi- 
vidual investigators  vary  between  15%  and  30%.  Marfan  states 
that  in  all  cases  of  bronchitis  he  has  found  the  pneumococci  in  the 
secretions.  According  to  Polynere,  pneumococci  are  found  even  in 
normal  lungs.  [In  September,  1880,  Sternberg  isolated  the  diplococ- 
cus from  his  own  saliva  and  inoculated  rabbits;  Pasteur  discovered 
the  same  organism  in  December,  1880. — Ed.] 

In  consideration  of  these  results,  it  must  be  admitted  as  not  proved, 
that  the  pneumococcus,  when  it  does  cause  pneumonia,  first  circu- 
lates in  the  blood  and  then  enters  the  lung,  and  the  possibility  of  such 
a  phenomenon  must  be  thought  applicable  only  to  rare  cases.  But, 
on  the  other  hand,  it  must  be  considered  as  undoubtedly  correct  that 
the  cause  of  the  disease  enters  the  alveoli  through  the  air-passages. 
The  further  distribution  of  the  pneumonia  cocci  from  the  diseased 
limg  very  likely  takes  place  principally  by  means  of  the  circulation. 
Although  Weichselbaum  considers  as  the  cause  of  meningitis  the  direct 
continuation  of  the  process  through  the  cellular  tissue  of  the  neck  to 
the  meninges,  nevertheless,  considering  the  localization  in  organs  that 
are  further  removed, — for  instance,  the  kidney, — it  is  to  be  sup- 
posed that  dissemination  by  the  blood  stream  is  far  more  frequent. 
It  follows,  from  the  results  of  examining  the  blood  or  cultures  from 
the  blood  of  pneumonia  patients,  that  in  the  course  of  every  pneu- 
monia varying  numbers  of  pneumonia  diplococci  are  present  in  the 
blood  for  a  greater  or  lesser  period.  Weichselbaum  had  already 
shown  the  pneumococci  in  the  blood  of  patients  ill  of  pneumonia. 
Belfanti  examined  the  blood  bacteriologically  in  numerous  pneu- 
monia cases,  and  six  times  during  life  could  verify  in  these  the 
presence  of  Fraenkel's  diplococcus.  For  purposes  of  examination 
he  usually  took  30  to  50  c.c.  of  blood  from  the  veins.  Only  in  one 
case  was  it  possible  to  find    pneumococci  microscopically  in   blood 
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taken  from  the  finp;er,  and  then  subsequently  to  cultivate  the  same. 
Casati  found  in  pneumonic  incliN'iduals,  both  in  the  blood  taken  from 
the  heart  cavities  after  death  and  in  the  circulating  blood  during  life, 
l-'raenkel's  diplococci  constantly.  During  life  they  were  present  in 
the  blood  from  the  second  day  of  the  disease,  both  in  the  cases 
which  ended  fatally  and  in  those  that  recovered.  Righi,  like  Vin- 
cenzi  and  Quadu,  not  onl}^  found  the  diplococci  in  the  blood,  as  did 
the  two  last-named  authors,  but  also  found  them  in  the  urine  and 
feces.  From  this  he  deduces  the  fact  that  the  excreta  are  also  means 
of  transmitting  the  disease. 

The  results  of  bacteriologic  investigation  up  to  the  present  time 
may  be  summed  up  as  follows : 

The  cause  of  croupous  pneumonia  is  the  diplococcus  discovered 
by  Fraenkel  and  Weichselbaum.  Under  normal  conditions  its  habi- 
tat is  in  the  upper  respiratory  passages.  But  as  it  is  not  the  cause 
of  pulmonary  inflammation  alone,  but  can  also  give  rise  to  other 
diseases,  and  as  it  commonly  causes  in  animals  inflammatory  and, 
more  correctly  speaking,  septic  cUseases,  provided  it  does  not  attack 
organs  with  a  local  disposition, — as,  for  instance,  the  puerperal  uterus, 
whei'e  it  causes  a  true  puerperal  endometritis, — it  therefore  requires 
for  its  growth  and  for  the  development  of  its  pathogenic  influence  in 
the  lung  certain  auxiliary  causal  factors  which  will  be  discussed  in 
the  following  section. 

[It  is  best  that  the  author's  exposition  of  the  subject  should  stand, 
although  it  would  seem  that  a  clearer  conception  of  pneumonia  would 
be  had  if  the  lung  process  were  considered  to  be  one  of  many  mani- 
festations of  a  pneumococcus  infection.  In  this  manner  we  believe  the 
clinical  course,  the  complications,  and  the  sequels  would  be  clearly 
understood.  A  clinical  picture  that  failed  to  correspond  with  that 
described  as  pneumonia,  would  thus  be  better  appreciated.  There  is 
some  reason  for  the  existence  of  the  terms  ''lung  fever"  or  "pneu- 
monic fever"  under  these  circumstances.  Moreover,  the  fact  that 
with  improvement  in  our  technique  we  are  able  to  recover  from  the 
blood  of  patients  with  pneumonia  the  diplococcus  of  Fraenkel  in 
an  increasing  number  of  cases,  suggests  the  possibility  of  the  inva- 
sion of  that  tissue  in  every  instance. 

The  diplococcus  of  Fraenkel  has  been  found  in  varying  numbers 
in  the  blocd  of  pneumonia  patients  by  numerous  investigators. 
The  percentage  of  cases  in  which  the  organism  was  found  varies 
within  wide  limits,  from  10%  to  50% ;  the  highest  proportion  is  re- 
ported by  Silvestrini  and  Sertoli,  who  found  the  diplococcus  in  15 
out  of  16  cases. 

A  similar  diversity  obtains  in  the  opinions  as  to  the  prognostic 
significance  of  the  presence  of  the  diplococcus  in  the  blood;  but,  on 
the  whole,  it  appears  that  the  prognosis  is  grave  if  large  numbers  are 
found.  The  discovery  of  isolated  diplococci  in  the  blood  is  of  no 
prognostic  importance. 

27 
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Beco  reports  one  case  of  pneumonia  due  to  Friedlander's  bacillus 
in  which  there  was  a  general  bacillemia. 

Baduel  arrives  at  the  following  conclusions: 

The  diplococcus  of  Fraenkel  is' present  in  the  majority  of  cases. 

In  many  cases  it  is  not  pathogenic  for  animals. 

The  number  of  the  organisms  bears  a  relation  to  the  gravity  of 
the  local  process. 

Virulence  is  usually  associated  with  acute  lesions. 

The  persistence  of  the  diplococcus  in  the  blood  is  a  common 
phenomenon  and  not  a  complication  to  be  dreaded. 

The  diplococcus  may  localize  itself  in  the  blood  primarily  or 
secondarily;  in  the  latter  case  the  cliplococcemia  is  much  more  grave. 

(Authorities :  Kohn,  Pani,  Pieracconi,  Berghius,  Silvestrini,  Sertoli, 
Baduel,  Beco.) — Ed.] 


AUXILIARY  CAUSES  OF  PULMONARY  INFLAMMATION. 

The  disposition  to  acquire  croupous  pneumonia  exists  over  the 
whole  surface  of  the  earth;  nowhere  do  local  conditions  prevent  the 
occurrence  of  the  disease.  This  can  be  deduced  with  certainty  from 
the  numerous  figures  of  Hirsch.  Neither  has  climate  any  particular 
influence  upon  the  frequency  of  the  occurrence.  "For  in  the  most 
northern  regions  of  Europe  inflammations  of  the  lung  are  of  but 
moderate  frequency,  at  least  not  more  frequent  than  in  many  other 
more  southerly  situated  regions  in  the  same  portions  of  the  earth; 
while,  conversely,  there  are  reports  of  the  frequent  occurrence  of  the 
disease  from  southern  countries"  (Hirsch,  p.  79). 

The  view  of  v.  Jiirgensen,  that  the  geographic  distribution  of 
pneumonia  is  entirely  different  from  that  of  catarrh  and  bronchi- 
tis, appears  to  me  untenable.  He  states:  "The  latter  increase  in 
frequency  the  more  one  ascends  from  the  tropics  to  the  higher  lati- 
tudes ;  this  is  not  the  case  in  pneumonia.  Just  as  little,  however,  is 
the  reverse  true,  as  has  been  contended  from  many  sides  "  (p.  13). 
Against  this  view  the  facts  estabhshed  by  Hirsch  can  be  adduced. 
He  states:  "In  Italy  catarrhal  diseases  of  the  respiratory  organs,  as 
Parola  expressly  declares,  belong  to  the  malattie  communissime,  and 
are  mostly  found  along  the  coast  as  well  as  on  the  plains  of  the  inte- 
rior and  in  the  mountain  districts"  (p.  2);  and  in  another  place  (p. 
79)  he  states  that  numerous  earher  observers  have  called  attention  to 
the  frequency  of  pneumonia  in  many  regions  of  Italy,  and  that  these 
statements  are  supported  by  the  high  mortality  of  "inflammation  of 
the  lungs"  in  the  middle  and  southerly  districts  of  Italy,  reported 
by  Sormanni,  who  says:  "  If  one  considers  the  winter  climate,  particu- 
larly of  middle  and  lower  Italy,  one  would  think  that  diseases  of  the 
chest  would  be  unknown,  or  at  least  rare  in  those  regions.  Instead 
of  this,  it  appears  from  the  pubhc  statistics  of  the  civilian  population 
as  well  as  of  the  militia  that  these  diseases  arise  frequently  enough." 

While  it  is  evident  from  these  mmierous  statistics  that  climate 
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is  a  minor  factor  in  the  incidence  of  pneumonia,  it  appears  that  racial 
or  national  conditions  have  a  marked  influence  upon  the  frequency  of 
the  disease.  Individuals  migrating  from  northern  latitudes  to  sul> 
tropic  or  equatorial  regions  seem  to  cnjo}'  a  relative  immunit}'  from 
inllanmiations  of  the  kmgs;  on  the  other  hand,  the  inhabitants  of 
the  tropics  and,  above  all,  the  negroes  are  particularly  subject  to  the 
disease  not  only  after  locating  in  colder  regions,  but  also  in  their 
native  country.  How  far  tliis  fact  ma}'  be  explained  by  a  con- 
genital or  acquired  predisposition  in  the  colored  races,  and  especially 
in  the  negro  race,  and  how  far  the  wretched  hygienic  conditions  in 
which  they  hve,  or  the  notorious  indifference  \\dth  which  they  expose 
themselves  to  the  elements,  may  be  determining  factors,  cannot 
be  positively  decided  (Hirsch,  vol.  iii,  p.  103). 

On  an  average,  pneumonia  amounts  to  3%  of  all  cUseases  of  man. 
Of  internal  diseases  alone,  pneumonia  lays  claim  to  6.4%  in  Germany, 
England,  and  France  (v.  Jiirgensen,  p.  12).  Nevertheless  the  latter 
figure  appears  to  be  estimated  somewhat  high. 

As  we  do  not  yet  possess  morbidity  statistics  of  the  total  popula- 
tion, we  must  confine  ourselves  to  the  reports  from  hospitals  and 
public  climes.  A^on  Ziemssen  estimates  the  percentage  of  cases 
at  3%.  In  the  hospital  at  Altstadt,  from  January  1,  1880,  to 
April  1,  1896,  I  had,  among  36,540  patients  admitted,  1501  pneu- 
monia cases;  this  comprises  4.1%  of  all  internal  cUseases.  [In  the 
United  States  in  1890  the  death-rate  per  100,000  population  was 
186.94.  There  has  been  a  marked  increase  in  frequency  during  the 
past  twenty  years.  Re}Tiolds  believes  tliis  ls  due  to  the  prevalence 
of  influenza.  Osier  states  pneumonia  has  increased  in  frequency  in 
Baltimore;  and  Folsom  shows  a  like  increase  for  Massachusetts,  and 
Xorris  claims  an  increase  in  this  city. — Ed.] 

Especialh'  noteworthy  and  important  for  the  comprehension  of  the 
predisposing  causes  is  the  fact  that  the  number  of  pneumonia  cases 
bears  a  direct  relation  to  seasons,  and  to  the  prevailing  condition  of 
the  weather.  Empiric  as  the  statement  may  sound,  it  is  neverthe- 
less true  that  the  prevalence  of  pneumonia  is  directly  dependent  on 
the  prevalence  of  unequal  and  changeable  meteorologic  conditioas, 
especially  on  the  occurrence  of  abrupt  and  marked  changes  of  tem- 
perature at  a  time  when  the  mean  temperature  is  very  low.  Tliis 
coincides  entirely  with  the  cUstribution  of  my  cases  of  pneumonia  as 
regards  the  individual  months.  In  1501  cases  of  pneumonia,  the 
distribution  was  as  follows : 

January 174  April 189 

February 164  May 179 

IVIarch  . " 206  June 94 

.  First  Quarter   544  =  36.2%         Second  Quarter.  .  .  462  =  30.7% 

July 62  October 96 

August 49  Noyember 103 

September 71  December 114 

Third  Quarter.  ...    182  =  12.1%  Fourth  Quarter.  .  .   313  =  20.8% 
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Therefore  in  the  most  favorable  season,  the  third  quarter  (July, 
August,  and  September),  only  one-third  as  many  cases  occur  as  dur- 
ing the  most  unfavorable  season  (January,  February,  and  March). 
[Of  195  cases  under  the  care  of  my  colleagues  and  myself,  69  occurred 
in  the  first  quarter;  57  in  the  second  quarter,  31  of  which  were  in 
April;  18  in  the  third  quarter;  and  51  in  the  fourth  quarter. — Ed.] 

It  would  naturally  be  of  great  value  to  analyze  the  empiric  con- 
ception in  reference  to  the  increase  of  pneumonia  during  the  unfavor- 
able season,  and  to  determine,  as  it  were,  the  component  parts.  But, 
in  spite  of  repeated  researches  in  this  direction,  it  has  not  been 
possible  to  determine  them  with  certainty. 

The  most  important  factor,  in  all  probability,  is  a  rapid  change 
of  temperature.  Huss  says:  "During  the  spring  months  the  most 
rapid  changes  of  temperature  are  noted,  not  only  from  one  clay  to 
the  next,  but  during  the  different  hours  of  the  same  day,  and  espe- 
cially between  day  and  night.  These  changes  appear  to  be  the  plain- 
est predisposing  causes  of  the  development  of  inflammations  of  the 
lungs,  and  as  they  are  more  conspicuous  in  some  years  than  in  others, 
this  probably  explains  the  fact  that  in  some  years  there  are  more 
cases  of  pneumonia  than  in  others." 

A  further  proof  of  the  correctness  of  the  supposition  that  marked 
changes  in  the  temperature  are  of  particular  importance  in  the  develop- 
ment of  the  disease  is  found  in  the  fact  dwelt  upon  by  Hirsch  that 
the  maximum  incidence  bears  a  certain  relation  to  the  temperature 
changes  arising  at  particular  seasons  in  certain  localities.  In  the 
countries  situated  in  the  higher  latitudes  (Russia,  Sweden,  Denmark, 
Germany,  England,  the  northern  cUstricts  of  France,  the  northern 
United  States  of  America),  in  which  the  most  abrupt  changes  in 
temperature  occur  in  spring,  the  maximum  of  the  frequency  of  disease 
is  noted  in  the  spring.  On  the  other  hand,  in  the  warmer  and  sub- 
tropic  comitries  (Italy,  the  islands  of  the  MecUterranean,  Greece, 
Algiers,  the  southern  United  States  of  America,  Chili,  Peru),  in  which 
the  previously  mentioned  meteorologic  influence  makes  itself  especially 
felt  in  the  winter,  the  latter  represents  the  especial  pneumonia  season 
(vol.  Ill,  p.  95). 

The  influence  of  changes  in  temperature,  which,  upon  the  basis 
of  these  reports,  have  been  looked  upon  as  etiologically  important 
conditions,  has  also  been  proved  experimentally.  Lipari  has  given 
the  proof  that  animals  which,  after  an  injection  into  the  trachea  of 
pneumonic  sputum  have  remained  well,  were  affected  by  pneumonia 
if  they  were  subjected  to  the  influence  of  cold  before  these  injections 
were  made.  Of  eight  animals  which  were  experimented  upon  in  this 
manner,  six  died  showing  decided  pneumonic  infiltration.  He  pre- 
sumes that  cold  paralyzes  the  epithelial  cells  of  the  bronchial  tubes 
and  produces  a  swelling  in  the  mucous  membrane — two  pathologic 
processes  which,  in  his  opinion,  favor  the  entrance  of  the  infectious 
principles  into  the  alveoli. 

Further,  two  observations  of  Bein  are  worthy  of  being  mentioned 
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at  this  place.  He  was  able  to  demonstrate  both  the  indirect  caase — 
a  plunge  in  cold  water  in  one  case,  and  ammonia  poisoning  in  the 
other — and  the  tlirect  cause:  namely,  the  presence  of  virulent  pneu- 
monia bacteria  in  the  oral  mucus,  in  one  case  before  the  onset,  and 
in  the  other  at  the  very  beginning  of  the  attack. 

Accordingly  it  is  a  fact  worth  considering  that  after  a  thorough 
wetting,  as  is  often  said,  pneumonia  not  rarely  follows.  I  have 
noted  several  such  cases,  which  curiously  enough  occurred  in  the 
favorable  season.  This  special  injury  at  any  season  offsets  the 
unfavorable  influences  of  the  weather  during  the  Avinter,  through 
which  a  large  number  of  persons  are  predisposed  to  pneumonia,  and 
is  of  more  importance  than  the  influence  of  an  excessive  rainfall. 

Living  in  localities  exposed  to  severe  winds  or  to  great  drafts  is 
not  without  influence  upon  the  production  of  the  disease.  Welch 
mentions  the  follo^^ing  fact:  "Pneumonia  occurred  in  a  battalion 
which  had  been  stationed  for  six  years  at  a  MecUterranean  port, 
and  was  transferred  from  there  to  North  America  during  raw 
winter  weather.  Of  these  troops,  330  men  were  stationed  in  a  frame 
building,  which  no  doubt  would  have  been  very  habitable  in  the 
summer  season,  but  in  the  ^nnter  did  not  give  sufficient  protection 
against  the  weather,  as  it  was  exposed  on  everj-  side,  and  the  thin 
walls  through  their  numerous  cracks  gave  the  '\^'ind  free  access  to 
the  interior.  Two  hundred  and  fifty-six  men  were  stationed  in  well- 
protected  barracks  and  66  married  soldiers  found  quarters  in  the  city. 
Among  the  men  stationed  in  the  wooden  building  38  developed 
pneumonia,  whereas  among  the  other  solcUers  only  three  had  pneu- 
monia, which  might  easily  be  referred  to  the  influence  of  the  weather. 
The  severest  cases  among  those  in  the  wooden  building  occurred  in 
those  filing  in  the  upper  rooms,  which  were  most  exposed  to  the 
sharp  \\'inds  coming  from  the  north  and  west.  The  disease  unques- 
tionably arose  from  the  fact  that  during  the  night  the  body  was 
exposed  to  a  draft  and  to  the  general  low  temperature." 

These  facts  that  were  noted  among  a  large  number  of  troops  no 
doubt  occur  more  frequently  in  incU^idual  cases  than  is  generally 
reported.  I  only  find  Finkler  describing  one  case  which  might  be 
counted  in  this  category.  A  robast  man  who  in  an  overheated 
room  was  perspiring  freely  was  exposed  to  a  cold  blast  by  the  door 
being  suddenly  blown  open  when  the  temperature  was  at  the  freezing- 
point.  He  was  at  once  attacked  by  dyspnea,  and  after  a  few  hours 
a  severe  chill  occurred,  which  was  followed  by  pneumonia. 

The  direction  of  the  \\dnd  is  -^dthout  importance.  In  Finkler's 
collection  Grisolle  noted  the  most  pneumonias  occurring  during  a 
northeast  T\-ind;  Schramm  during  an  east  -^ind;  Sturges  during  a 
north  and  northwest  \\-ind. 

Among  the  laity  the  ^iew  is  prevalent  that  small  children  should 
not  be  carried  in  the  open  air  during  the  prevalence  of  easterly  winds, 
as  under  such  circumstances  they  might  easily  contract  inflammation 
of  the  lungs.     I  have  not  regarded  this  rule,  and  have  found  no 
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evil  results  to  follow;  only  if  dreary,  foggy,  cold,  wet  weather  was 
prevalent  have  I  not  permitted  children  to  go  out  into  the  open  air. 

The  influence  of  the  barometer  may  also  be  regarded  as  unproved. 
According  to  v.  Jiirgensen,  a  high  barometer  coincides  with  a  lessened 
frequency  of  the  disease.  He  believes  that  he  has  noted  in  Kiel  that 
pneumonia  becomes  more  frequent  if  the  low  barometric  pressure, 
which  at  that  place  is  fairly  constant  during  the  prevalence  of 
northeast  and  east  winds,  is  suddenly  interrupted.* 

All  faith  in  the  influence  of  the  barometer  must  be  lost  when  we 
hear  diametrically  opposed  opinions  in  reference  to  the  prevalence 
of  the  disease  with  respect  to  the  state  of  the  barometer  based  on 
practically  the  same  clinical  material.  Knovenagel  says:  "One 
of  the  principal  points  in  the  explanation  of  the  frequently  arising 
and  almost  epidemically  arising  appearance  of  inflammation  of  the 
lungs  is  not  a  sudden,  sharp  change,  not  severe  wind,  not  a  thorough 
wetting,  but  dry  air  continued  for  a  long  time  with  high  atmospheric 
pressure,  which  from  clay  to  day  and  from  week  to  week  is  inhaled, 
and  favors  the  introduction  of  miasmatic  poisons,  so  that  eventually, 
when  one  has  been  exposed  to  such  poisons  in  sufficient  number,  in 
the  one  case  sooner,  in  the  other  later,  the  infection  goes  so  far  that 
the  typical  chill  arises." 

Apart  from  this  peculiar  conception  that  the  atmospheric  pres- 
sure upon  the  respiratory  surface  favors  the  further  introduction  of 
miasmatic  poisons,  Riebe,  upon  the  basis  of  analogous  investigations, 
arrives  at  a  diametrically  opposite  result.  In  the  winter  of  1879-80, 
which  for  Knovenagel  in  Cologne  and  for  Riebe  in  Posen  was  char- 
acterized by  high  atmospheric  pressure,  only  27  cases  of  pneumonia 
occurred  in  Posen.  On  the  other  hand,  during  the  wintei  of  1878-79, 
when  the  barometer  was  much  lower,  50  cases  occurred,  and  in  the 
winter  of  1880-81,  60  cases  were  noted.  "  It  seems  that  an  auxiliary 
cause  of  the  disease  here  in  Posen  is  found  in  excessive  humidity" 
(Riebe,  p.  323).  Brunner  declares  as  a  result  of  extensive  investiga- 
tions: "It  is  shown  that  the  three  months  in  which  the  most  cases 
arise  are  characterized  by  a  minimum  of  atmospheric  pressure  and 
very  low  relative  humidity." 

The  conditions  of  the  weather  which  have  here  been  noted,  of 
themselves  have,  however,  an  increased  disastrous  influence  upon  the 
production  of  pneumonia  in  the  human  organism  only  when  the  body 
finds  itself  under  abnormal  conditions.  Especially  the  individual 
disposition  as  regards  pneumonia  must  be  placed  in  the  foreground 
more  than  in  any  other  infectious  disease.  The  duration  of  such  a 
disposition  may  be  very  brief  and  transitory.  One  of  the  chief  pre- 
disposing factors  is  either  unaccustomed  or  excessive  muscular 
exertion,  which  may  give  rise  to  an  enfeeblement  of  the  entire  mus- 
cular system,  and,  in  connection  with  this,  to  an  increased  function 
of  the  sweat-glands. 

*See  also  "  Etiologv  of  Pneumonia,"  Baker,  "Reports  Mich.  State  Board  of 
Health." 
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This  is  sho\vn  by  the  excessively  high  incidence  of  pneumonia 
among  recruits.  Griindler  declares  that  the  origin  of  the  numerous 
pneumonic  affections  which  he  has  noted  in  the  garrison  of  Magde- 
burg from  the  first  of  October,  1873,  to  the  end  of  June,  1874,  was 
due  less  to  the  influences  of  the  weather  than  to  the  arrival  and 
education  of  recruits.  Whereas  only  two  or  three  cases  occurred  in 
October  and  November,  after  the  third  of  December,  at  which  time 
the  recruits  arrived,  the  cases  suddenly  became  more  numerous, 
and  during  December  and  January  14  w^ere  noted  in  each  month. 
During  February  and  March  the  same  number  occurred,  gradually 
becoming  less  in  April  and  May,  until  in  the  month  of  June  the 
normal  number,  four,  was  reached.  The  complete  strength  of  the 
garrison  was  6008  men,  consisting  of — 


Recruits  or  men  in  the  first  year 

of  service 2226 

Soldiers,  second  year  of  service  .  .  .  2076 
third       "      "       "         ...1031 
"         after  the  third  year  of  ser- 
vice    675;  "      "        1  man  =  0.14%  was 


of  whom  4S  men  =  2.15%  were  attacked. 
"      "       17     '      =0.81%     " 
"      "         7     "     =0.67%     " 


Among  recruits,  therefore,  there  was  three  times  as  great  a  chance 
to  acquire  inflammation  of  the  lung  as  among  men  in  the  second  and 
third  years  of  ser\dce. 

In  an  analogous  observation  Knovenagel  arrives  at  conclusions 
which  are  far  removed  from  the  actual  data  at  his  disposal.  He 
behevesthat  the  constant  pressure  of  the  atmosphere  on  the  lungs  offers 
the  best  explanation  for  the  great  frequency,  not  to  say  epidemicity, 
of  inflammations  of  the  lungs.  Xo  sudden  sharp  change,  no  severe 
winds,  no  wetting,  but  only  a  high  atmospheric  pressure  during  the 
time  of  long-continued  dryness  of  the  air,  which  hypothetic  results 
have  already  been  mentioned,  are  responsible;  upon  this  basis,  and 
perhaps  also  quickened  through  coincident  causes, — ^for  example,  a 
thorough  wetting,  upon  which,  and  especially  by  the  patient,  all  the 
fault  is  laid, — ^the  cUsease  begins  and  reaches  its  full  development 
rapidly. 

The  most  careful  work  upon  the  question,  so  important,  in  my 
opinion,  what  causes  are  responsible  for  the  undoubted  frequency  of 
the  disease  among  recruits,  we  owe  to  Riebe.  The  total  number  of 
cases  treated  by  him  during  the  years  from  1873  to  1881  show  the 
following  percentages  for  the  indi"vidual  months : 

November 3  %  May 1 1  % 

December 7  %  June 7  % 

January 11%  July 4  % 

February 13%  August 3% 

March 19 %  September 2% 

April 14%  October 1% 

The  percentage  of  recruits  affected  in  comparison  to  the  total 
number  of  cases  of  pneumonia,  according  to  the  separate  months, 
is  as  follows: 
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November 75%  May 52% 

December 60%  June 50% 

January 54%  July 63% 

February 59%  August 57 % 

March 60%  September 47 % 

April 46%  October 


From  these  figures  the  significant  fact  is  to  be  deduced  that  the 
sick-rate  among  the  recruits  as  compared  with  the  general  sick-rate 
presents  marked  variations  during  the  individual  months.  Unless 
it  is  conceded  that  individual  overexertion  is  a  potent  predisposing 
factor,  it  is  difficult  to  explain  why  the  proportion  of  recruits  to 
seasoned  soldiers  should  not  at  least  be  the  same  at  every  season  of 
the  year.  Instead,  however,  it  appears  that  in  the  month  of  Novem- 
ber, when  the  total  sick-rate  is  extremely  low  (3%),  the  recruits 
furnished  75%  of  the  cases,  the  highest  contingent  of  the  entire  year. 
Any  one  who  is  not  absolutely  and  wilfully  blind  cannot  fail  to  see 
that  the  explanation  of  this  state  of  affairs  is  to  be  found  in  the  ex- 
cessive demand  on  the  powers  of  the  young  recruit  and  in  the  un- 
wonted bodily  exertion  incident  to  the  first  year  of  service. 

Riebe  correctly  deduces  from  his  observations  that  the  occurrence 
of  croupous  pneumonia  in  Posen  was  due  neither  to  quarters,  their 
surroundings,  temperature,  pressure,  nor  humidity  of  the  air.  On  the 
contrary,  he  declares  positively,  first,  that  the  disease  occurs  prefer- 
ably during  a  certain  season,  and  that,  in  spite  of  the  various 
geographic  situations  of  the  observed  persons,  the  disease  occurs 
with  great  regularity  during  the  spring;  second,  that  preferably  re- 
cruits— that  is,  persons  who  have  not  yet  become  accustomed  to 
the  climate  and  who  are  not  yet  used  to  military  exertions — contract 
the  disease  (p.  334).  On  the  other  hand,  it  is  not  to  be  forgotten 
that  the  younger  persons  take  part  in  the  drills  in  disproportion- 
ately greater  numbers;  naturally,  they  take  part  in  all  exercises, 
while  of  the  older  men  the  hautboy  players,  mechanics,  orderhes,  and 
soldiers  on  special  details  are  usually  excused. 

Witte  arrives  at  similar  numerical  results.  He  reports,  concern- 
ing 523  cases  of  pneumonia  which  occurred  among  soldiers  from  1881 
to  1886,  that  the  maximum  occurred  during  the  months  of  February, 
March,  and  May;  in  November  74%  of  the  recruits  were  affected, 
and  in  December  80%.  The  total  number  of  recruits  equaled  only 
a  little  more  than  one-third  of  the  total  number  of  men. 

Additional  proof  of  the  injurious  influence  of  bad  weather  com- 
bined with  excessive  bodily  exertion  is  furnished  by  the  following 
facts  and  statistics.  During  the  epidemic  in  Magdeburg,  described  by 
Griindler,  not  a  single  case  of  pneumonia  occurred  in  the  field  artillery, 
"and  the  men  in  that  branch  of  the  service  were  not  forced  to  drill 
on  foot  as  much  as  other  troops."  In  Posen  the  sick-rate  was  at 
least  somewhat  lower  in  the  field  artillery  (Riebe).  In  Wesel  during 
the  eight  years  the  battalions  of  infantry  had  between  32  and  47 
cases,  while  in  the  two  divisions  of  artillery  the  numbers  were  only 
18  and  19  respectively  (Knovenagel).     At  the  Third  Congress  for 
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Clinical  Medicine,  Friintzel  stated  emphatically  that,  after  analyzing 
the  material  at  his  tlisposal  in  the  capacity  of  military  physician,  he 
was  forced  to  the  conclusion  that  the  highest  incidence  of  pneumonia 
coincides  with  periods  when  the  men  spend  much  of  their  time  in 
the  open  air  and  are  exposed  continuously  to  the  bad  influences  of 
the  weather. 

Similar  exact  reports  have  not  been  made  among  civilians. 
Individual  observations  concerning  the  influence  of  uncommon  exer- 
tions undoubtedly  have  been  made  by  many  physicians,  but  they  have 
not  become  common  knowledge.  Riesell,  a  careful  investigator  of 
the  etiology  of  croupous  pneumonia,  quotes  himself  as  an  example. 
One  day  he  was  obliged  to  traverse  a  precipitous  road  in  \dsiting  a 
patient"  suffering  from  pneumonia,  and,  being  particularly  busy, 
hurried,  and,  without  waiting  to  allow  his  heart  to  recover  from  the 
unwonted  exertion,  made  a  thorough  examination  of  his  patient. 
On  the  evening  of  the  same  day  he  felt  much  depressed  and  on  the 
third  day  thereafter  contracted  a  double  pneumonia.  I  myself  have 
seen  a  fourteen-year-old  boy  contract  a  grave  pulmonary  inflam- 
mation twenty-four  hours  after  he  had  run  one  kilometer  ^-ith  a 
horse-car  on  a  wager,  ha\'ing  run  as  fast  as  the  conveyance.  I  also 
include  among  these  cases  that  of  Brunner,  although  he  himself  con- 
siders it  as  belonging  to  those  occurring  epidemically.  The  seventy- 
two-year-old  husband  of  a  woman  sixty-four  years  of  age  suffering 
from  inflammation  of  the  lungs,  and  who  occupied  the  same  bed-room, 
nursing  his  ^vife,  "  and  who  frequently  had  to  run  three  miles  [English] 
to  call  the  physician, "  likewise  contracted  pneumonia  three  days  after 
one  of  these  runs. 

The  statement  of  v.  Jiirgensen,  that  people  li^ing  in  the  open 
suffer  less  from  pneumonia  than  those  confined  indoors,  would  prove 
exactly  the  opposite  of  what  has  been  observed  in  the  army  if  the 
foundation  for  this  were  not  A'ery  weak  and  were  not  in  utter  con- 
tradiction to  the  experiences  of  Grissolle.  The  latter  states  that 
men  working  indoors  contract  pneumonia  2-i-  times  less  than  those 
who  are  constantly  emploj^ed  in  the  open  air.  Likewise  women  re- 
maining in  the  open  air  contract  the  disease  more  than  other  women. 

If,  however,  the  great  pneumonia  mortality  in  prisons  is  to  be 
taken  as  a  proof  for  the  frequent  affliction  of  people  who  are  confined 
indoors,  then  the  error  lies  in  the  consideration  of  forms  of  pneumonia 
which  have  absolutely  nothing  in  common  \\ith  genuine  croupous 
pneumonia.  Most  of  the  pneumonias  occurring  in  prisons  are  of  the 
so-called  infectious  variety,  which  are  to  be  classified  among  the 
atypical  pneumonias,  and  which  mil  be  considered  by  themselves. 

I  have  attempted  to  solve  this  question  concerning  the  prevalence 
of  pneumonia  among  ciA-ilians  by  compiling  in  a  statistical  manner 
the  total  number  of  cases  treated  at  the  Magdeburger  Alstadter 
Hospital  from  1892  to  1895. 

Of  those  admitted  during  the  years  1892  to  1895  inclusive,  the 
follo'^'ing  contracted  pneumonia; 
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Those  Engaged  in  Indooe  Occupa- 
tions. 

102  officials    4 

105  bakers 4 

22  brewers   2 

9  glaziers    2 

7  goldsmiths    3 

199  merchants 10 

66  waiters    1 

29  metal-workers    2 

18  harness-makers    4 

126  tailors    7 

116  shoemakers 8 

138  joiners  and  coopers.  .  3 

Therefore  out  of  a  total  of  930 

men  in  the  above  class,  50 

contracted     pneumonia,  a 

percentage  of  5.3%. 


Those  Actively  Engaged  in  the 
Open  and  at  Harder  Work. 

1080  laborers 87 

83  butchers    7 

36  gardeners    3 

41  coachmen   7 

59  masons    2 

54  sailors    1 

168  locksmiths  and  black- 
smiths     16 


Among  the  1521  men  of  the 
above  class,  123  contracted 
the  disease,  a  percentage   of 


[Occwpations. — Of  500  cases  Norris  determined  the  follomng: 


Males. 


Outdoor 

Laborers    122;  died,  42. 


Indoor  occupations Mortality  26.0% 

"  29.0% 

"  34.0% 

4 "  50.0% 

6 "  46.0%, 

5 "  8.2% 

1 "  9.0% 


Teamsters 

Stevedores 13; 

School-children 61 ; 

Children  vmder  3  years  11; 


—Ed.] 


From  these  data  one  fact  at  least  may  be  deduced  with,  certainty : 
the  relatively  more  frequent  affliction  of  those  whose  vocations  ex- 
posed them  to  the  elements.  In  spite  of  the  small  numbers,  the 
irregular  proportion  between  coachmen  and  butchers,  in  contradis- 
tinction to  tailors  and  shoemakers,  is  conspicuous.  Among  the 
coachmen  that  were  admitted,  pneumonia  occurred  in  one  out  of 
six,  while  among  the  tailors  the  proportion  was  one  in  eighteen.  I 
will  still  have  to  leave  undecided  whether  in  the  latter  a  Sunday 
dance,  with  the  necessarily  accompamdng  excesses  in  Baccho  et 
Venere,  did  not  have  more  influence  in  giving  rise  to  the  disease  than 
the  labor  of  the  whole  week. 

While  the  indiAdduals  may  contract  a  predisposition  as  the  result 
of  the  pernicious  influence  of  the  elements,  and  while  the  facts  aUuded 
to  haA-e  not  yet  been  substantiated  generafly,  another  predisposing 
cause  has  been  recognized  during  the  last  few  j^ears,  particularly  due 
to  the  careful  investigations  of  Litten — namely,  the  influence  of 
trauma  upon  the  occurrence  of  pulmonary  inflammation. 

Andral  has  called  attention  to  the  probability  of  this  causative 
relation.  Grisolle  has  seen  three  cases  of  pneumonia  occur  after 
contusions.  In  one  instance  the  sputa  were  purely  bloody  for  three 
days. 

^  Litten  explains  in  a  most  detailed  manner  that  lobar,  croupous  (or 
fibrinous)  pneumonia  may  arise  in  consequence  of  a  contusion  of 
the  thorax,  without  the  thoracic  wall  itself  showing  the  shghtest 
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lesion.  Ho  distiiipiuislu's  those  "contusion  pneumonias "  from  trau- 
matic pnounionia  occurring  in  consequence  of  a  stal)  or  gunshot 
injury.  The  first  variety  is  caused  by  a  violent  concussion  which 
affects  the  lung  and  depends  probably  upon  physical  phenomena  that 
are  combined  with  the  concussion  of  the  organ.  Among  320  cases  he 
could  trace  the  cause  to  a  contusion  14  times  (4.4%)-  Ordinarily 
these  pneumonias  develop  one  or  two  days  after  the  accident.  If 
in  consequence  of  the  concussion  hemorrhages  have  taken  place  in 
the  lung,  lobar  pneumonia  is  then  superadded,  the  hemoptysis  gener- 
ally changes  to  rusty  sputum. 

Individual  predisposition  in  contusion  of  the  lung  shows  itself  in 
the  fact  that  areas  are  affected  in  wliich  old  pathologic  conditions  are 
preselit  (adhesions,  bronchiectases,  tuberculous  infiltrations,  emphy- 
sema), quite  independently  of  the  area  affected  by  the  trauma. 

Stern  has  made  an  exhaustive  historical  review  as  well  as  a  com- 
plete statistical  account  of  traumatic  pneumonias.  According  to 
his  compilation,  the  percentage  of  traumatic  pnemnonias  varies  be- 
tween 4.4%  (Litten  found  it  14  times  among  320  cases)  and  0.13%. 
(v.  Jiirgensen  once  among  768  cases.)  I  myself  have  not  observed 
traumatic  pneumonias  any  more  frequently  than  v.  Jiirgensen;  per- 
haps the  number  would  have  been  larger  if  each  case  had  been  ques- 
tioned as  to  a  previous  contusion.  Few  patients  would  volunteer  the 
information,  principally  because  the  gra\dty  of  the  clinical  symptoms  at 
the  time  hardly  allow  them  to  remember  an  accident  that  apparently 
had  no  direct  consequences.  I  will  call  attention  to  one  case  of  con- 
tusion pneumonia,  particularly  because  it  was  carried  into  court  to 
decide  the  question  of  accident  insurance.  Up  to  that  time  he  had 
been  a  healthy  man,  thirty-eight  years  of  age,  a  mason  by  trade. 
While  pushing  a  wheelbarrow  containing  stones,  he  w^as  injured  by 
the  left  handle  of  the  wheelbarrow  striking  him  on  the  left  side  of 
the  chest.  On  the  evening  of  the  same  day,  about  ten  hours  there- 
after, a  pneumonia  occurred,  but  upon  the  right  side,  the  one  opposite 
to  the  injured  one.  Seventy-two  hours  after  the  accident  he  died. 
Postmortem  examination  showed  a  pneumonia  of  the  right  base. 
Based  upon  the  above-named  experiences  of  Litten,  that  the  pneu- 
monia in  no  way  need  represent  the  side  that  is  injured;  and,  further- 
more, considering  that  the  man  was  entirely  healthy  up  to  the  time 
of  the  injury;  and,  finally,  and  principally  because  an  eye-witness 
testified  as  to  certain  important  symptoms  w^hich  I  considered 
could  only  be  due  to  concussion  of  the  lung — ^^ithout  external 
injury  or  internal  laceration  of  tissue — and  which  could  be  observed, 
but  could  not  possibly  be  invented,  by  a  layman,  I  testified  that  the 
death  of  the  man  was  due  to  an  inflammation  of  the  lung  caused 
by  the  accident.  [We  have  seen  one  case  in  w^hich  trauma  and 
fright  played  equal  parts,  as  the  man  was  injured  by  accident  due  to 
a  runaway  horse.  In  the  carriage  with  him  were  members  of  his 
family,  hence  the  shock. — Ed.] 

The  symptoms  observed  immediately  after  the  accident,  wliich 
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have  so  far  never  been  mentioned,  and  which  perhaps  may  be  eUcited 
in  the  future  by  taking  a  careful  history,  I  now  give,  in  the  words  of 
the  eye-witness:  "The  mason  D.,  as  I  observed,  could  probably,  in 
consequence  of  the  blow,  get  no  air,  pressed  his  hand  against  the 
right  side  of  his  chest,  and  opened  the  mouth  for  air.  When  he 
recovered,  which  occurred  soon,  he  wheeled  the  barrow  back  to  its 
place  and  continued  his  mason's  work  for  about  two  hours  longer. 
After  his  midday  meal  he  wanted  to  resume  work,  but  felt  too 
unwell  and  had  to  relinquish  it."  [Harris*  reported  a  case  of  chest 
injury  followed  immediately  by  clinical  signs  of  pneumonia,  finally 
ending  as  progressive  tuberculosis  in  twelve  weeks. — Ed.] 

The  association  of  Diplococcus  pneumoniae  \^dth  the  inflamma- 
tions caused  by  trauma,  and  for  which  this  organism  has  the  same 
etiologic  significance  as  in  the  non-traumatic  pneumonias,  has  already 
been  demonstrated  by  Weichselbaum.  In  two  cases  of  contusion 
pneumonia  he  could  show  the  diplococci. 

Psychic  conditions  of  depression,  such  as  anger,  grief,  etc.,  are  not 
without  influence  upon  the  occurrence  of  the  disease.  Riesell  gives 
instructive  and  convincing  examples  of  the  occurrence  of  pneumonia 
after  violent  psychic  disturbances.  I  myself  have  observed  two  cases 
in  private  practice  in  which  violent  anger  and  worry  over  financial 
losses  gave  rise  to  the  disease.  In  both  of  these  cases  it  was  remark- 
able that  the  brain  was  affected  to  a  marked  degree.  The  most 
violent  unrest  existed,  which  increased  gradually  to  furious  delirium. 
[Two  of  our  cases  were  in  persons  who  had  been  robbed.  Both  ter- 
minated fatally  and,  as  the  author  cited  above  observed  in  his  case, 
with  great  toxic  cerebral  symptoms. — Ed.] 

No  influence  upon  the  occurrence  of  croupous  pneumonia  can  be 
ascribed  to  the  inhalation  of  noxious  gases.  In  such  cases  there  is 
generally  a  deglutition  pneumonia,  as  Nauwerck  has  shown,  as  in  the 
case  of  the  pneumonias  following  etherization.  According  to  my 
observation,  in  the  majority  of  these  cases  after  the  inhalation  of  the 
gases  there  occurred  a  condition  of  more  or  less  lasting  unconscious- 
ness, during  which  the  fluid  in  the  mouth  gained  access  to  the  respira- 
tor}^ passages. 

On  the  other  hand,  the  importance  of  some  acute  diseases  in  giving 
rise  to  a  complicating  pneumonia  is  well  recognized.  To  this  class  of 
diseases  belong  especially  enteric  fever,  typhus  fever,  puerperal  fever, 
and  intermittent  fever.  In  the  first-mentioned  disease  the  occur- 
rence of  pulmonary  inflammations  is  certainly  caused  by  the  typhoid 
bacillus  itself,  as  was  shown  by  Polynere,  who  demonstrated  them 
in  the  pneumonic  areas.  But  these  changes  have  nothing  in  common 
with  the  croupous  pneumonia  occurring  during  the  course  of  typhoid 
fever  or  at  the  beginning  of  convalescence.  "The  splenization  and 
bronchopneumonic  areas  seen  in  the  pneumonias  produced  by  the 
typhoid  bacillus,  and  the  nature  of  the  hemorrhagic  exudate,  remind 
us  of  similar  phenomena  observed  in  the  lungs  in  the  pestilential 

*  Lancet,  Mar.  16,  1898. 
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diseases"  (Finkler,  p.  217).  I  shall  consider  this  more  in  detail  in 
the  section  of  this  work  devoted  to  the  discussion  of  pneumonia  as  a 
complication  of  other  diseases. 

Next  to  the  facts  already  spoken  of,  the  question  of  a  permanent 
disposition  to  pneumonia  ought  to  be  taken  into  consideration.  This 
(Usposition  is  influenced  l)v  heredity,  sex,  and  age. 

Billard  found  pneumonia  six  times  among  seA'entcen  patients  who 
were  born  in  a  condition  of  extreme  debility  and  emaciation.  GrisoUe 
found  in  a  marasmic  child  born  at  the  eighth  month  that  the  lower 
lobe  of  the  right  lung  was  changed  into  a  tissue  resembling  liver, 
which  was  easily  penetrated  by  the  finger,  and  in  certain  places  showed 
purulent  infiltration. 

If  these  facts  seem  to  indicate  a  doubt  whether  croupous  pneu- 
monia was  really  present,  this  nevertheless  could  hardly  be  the  case 
in  an  observation  by  Levy.  The  latter  reports  a  case  of  intra-uterine 
transmission  in  which  death  occurred  in  the  mother  by  a  double 
pneumonia  followed  by  suppurative  pleurisy,  while  a  pneumonia 
existed  in  the  child,  which  from  its  anatomic  character  must  be 
considered  as  a  hemorrhagic  catarrhal  variety,  with  lobar  distri- 
bution. The  fact  that  the  same  disease  was  present  in  both 
mother  and  child  was  proved  by  the  similarity  of  the  organisms, — 
Diplococcus  pneumoniae  of  Fraenkel, — which  was  demonstrated  as 
such  with  certainty  by  microscopic  examination,  cultivation  upon 
agar,  and  successful  inoculations  in  mice.  The  pneumonia  of  the 
child,  judging  from  the  anatomic  finding,  had  existed,  at  the  most, 
three  days.  The  child,  however,  died  forty-nine  hours  after  birth; 
the  infection,  therefore,  could  not  have  taken  place  in  any  other 
locality  than  in  the  uterus,  notwithstanding  bacteriologic  and  mi- 
croscopic examinations  of  the  placenta  were  negative.  But  the  fact 
that  no  bacteria  were  found  in  the  placenta  does  not  prove,  b}^  any 
means,  that  they  were  not  transmitted  from  the  mother  to  the 
child.  Without  becoming  deposited  in  the  placenta  itself  they 
may  have  been  transmitted  by  the  small  hemorrhages  that  occurred 
in  the  placental  circulation  and  very  likely  caused  the  premature 
labor.  In  support  of  this  view  are  the  follo^ving  facts:  (1)  Seven 
hours  after  the  birth  of  the  child  rales  could  be  heard  over  the  right 
anterior  portion  of  the  thorax;  (2)  examination  of  the  blood  of  the 
child,  which  was  obtained  with  a  sterilized  syringe  under  the  custom- 
ary precautions,  from  the  left  ventricle  and  the  right  lung,  showed 
such  a  large  number  of  cocci  that  infection  by  way  of  the  blood 
channel  seemed  to  be  established  without  a  doubt. 

In  addition  to  this,  it  is  worthy  of  mention  that  Netter  could 
regularly  demonstrate  in  rodents  the  transmission  of  Diplococcus 
pneumoniae  from,  mother  to  fetus;  and  once  in  the  child  of  a  pneu- 
monic woman,  who  died  five  days  after  her  delivery,  he  observed 
pneumonia  of  the  right  upper  lobe,  pericarditis,  pleuritis,  peritonitis, 
meningitis,  and  otitis  media,  and  in  all  these  exudates,  as  well  as  in 
the  blood,  demonstrated  Diplococcus  pneumoniae  of  Fraenkel. 
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The  frequent  occurrence  of  repeated  pneumonias  in  children 
is  significant  and  indicates  that  there  is  a  congenital  predisposition. 
Among  201  pneumonic  children  v.  Ziemssen  found  19  who  had  fre- 
quently had  pneumonia;  14  had  it  twice,  3  of  them  three  times, 
and  2  four  times.  I  myself  have  seen  a  boy  recover  from  three 
attacks  of  pneumonia  with  typical  febrile  crises  between  the  eighth 
and  thirtieth  months;  in  another  boy  two  attacks  between  the  first 
and  second  years.  It  appears  to  me,  however,  that  it  is  not  justifiable 
to  draw  from  this  the  conclusion  that,  once  having  withstood  the 
disease,  the  disposition  to  a  repeated  similar  attack  of  the  same  or 
other  portions  of  the  lung  is  increased,  and  that  such  a  disposition 
occurs  particularly  in  weak  children. 

Also  in  adults  pneumonias  may  occur  repeatedly.  Very  likely 
this  depends  upon  a  previously  existing  predisposition.  But  it  is  no 
more  to  be  accepted  in  adults  than  in  children  that  having  withstood 
the  disease  once  creates  a  precUsposition. 

Andral  and  Chomel  showed  the  frequent  occurrence  of  pneumonia 
in  one  and  the  same  person.  Among  v.  Grisolle's  174  patients  94  had 
recovered  at  some  time  pre\dously  from  pulmonary  inflammation 
which  had  occurred  from  one  to  eight  times.  In  most  cases  a  period 
of  three  to  five  years  elapsed  between  the  individual  attacks.  Ac- 
cording to  Riesell's  experiences,  among  every  hundred  pneumonias 
almost  regularly  50  represent  first  attacks,  32  second,  15  third,  while 
the  remaining  3  represent  a  fourth,  or  even  more  frequently  repeated 
attack.  Mollmann  treated  944  pneumonias  among  832  persons. 
Eighty-six  persons — that  is,  10% — had  repeated  attacks,  65  two 
attacks,  16  three  attacks,  3  four  attacks,  and  2  five  attacks.  [Nine- 
teen of  the  195  cases  I  have  to  report  had  had  previous  attacks;  of 
these,  two  had  had  two  previous  attacks  and  one  had  had  three  pre- 
vious attacks.  Norris  found  a  history  of  previous  attacks  in  57  out 
of  500.— Ed.] 

Whether  sex  has  any  influence  upon  the  frequency  of  the  disease 
appears  to  me,  in  spite  of  my  own  statistics  and  those  of  others, 
not  yet  to  be  established  mth  certainty.  If  it  were  true  that  sex 
did  have  an  influence  upon  the  frequency  of  the  disease,  it  would  have 
to  be  assumed  that  there  was  a  predominant  morbidity  in  the  male 
sex.  In  the  Polichnic  of  Wiirzburg  among  565  cases  there  were  85 
women  affected  to  every  hundred  men,  and  in  the  PoHchnic  of  Kiel  75 
females  to  every  hundred  males.  According  to  Mollmann 's  observa- 
tions of  cases  of  pneumonia  occurring  in  private  practice,  579  occurred 
in  men  and  only  365  in  women;  that  is,  61.3%  in  men  and  38.7%  in 
women.  These  figures  do  not,  however,  prove  anything  with  certainty 
as  long  as  their  relative  percentage  to  the  general  morbidity  of  both 
sexes  is  not  determined.  But  as  the  general  sick-rate  is  not  yet 
available,  we  will  be  obliged,  in  the  absence  of  more  accurate  obser- 
vations, to  preliminarily  confine  ourselves  to  hospital  figures.  If  we 
foflow  the  only  correct  method, — namely,  the  determination  of  the 
relation  of  the  men  and  women  treated  for  pneumonia  to  the  total 
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number  of  admissions  of  both  sexes, — and  have  a  large  number  of 
patients  at  our  disposal  for  this  purpose,  it  can  be  expected  that  an 
approximately  accurate  result  will  be  obtained.  From  January  1, 
18S0,  to  April  1,  1896,  1501  cases  of  pneumonia  were  admittcil  as 
indoor  patients  at  the  Altstiidter  Hospital  in  Magdel^urg,  among  wliich 
there  were  1223  men  and  278  women.  The  total  number,  therefore, 
shows  a  percentage  of  81.04%  of  men  and  18.06%  of  women.  Within 
the  time  above  mentioned  there  were  admitted  altogether  36,540 
patients,  among  whom  there  were  19,887  men  and  16,653  women. 
The  relation  of  all  pneumonias  to  the  total  number  is  4.1%:  the 
pneumonias  in  men  as  related  to  the  total  number  of  men  admitted, 
6.01%,;  and  in  the  case  of  the  women,  1.7%. 

According  to  tliis,  the  disease  must  be  considered  as  occurring 
3-\  times  as  frequently  in  men  as  in  women.  [Norris'  series  showed 
males  382,  females  118,  out  of  500,  or  about  3i  times  as  many  men 
as  women. — Eu.] 

It  has,  however,  not  been  shown  that  there  is  any  particular  dis- 
position connected  ^^ith  sex.  The  less  frequent  occurrence  of  the 
disease  in  women  may  depend  upon,  the  fact  that,  on  account  of  their' 
vocation,  they  are  not  as  frequently  exposed  to  hea\y  exertions  in 
unfavorable  weather  as  the  men.  This  view  finds  support  in  the 
fact  that  wherever  the  women  perform  the  same  work  as  the  men  the 
frequency  of  the  disease  is  equal  in  both  sexes.  Unfortunately,  how- 
ever, we  possess  but  few  observations  in  this  respect.  The  observa- 
tion of  Rulf  seems  to  be  reliable.  He  observed  in  a  region  where  both 
sexes  were  occupied  in  the  same  vocation  (in  the  \'ineyards)  that 
pneumonia  seemed  to  be  di\'ided  about  equally  among  both  sexes  (44 
men  to  50  women). 

The  more  frequent  occurrence  of  pulmonary  inflanmiations  in 
men,  therefore,  is  due  to  occupation. 

The  fact,  however,  that  women  contract  the  disease  less  than 
men  seems  to  contradict  the  assumption  that  an  indoor  life,  par- 
ticularly in  poorly  ventilated  rooms,  is  to  be  considered  as  of  par- 
ticular significance  for  the  occurrence  of  the  disease.  If  this  were  the 
case,  more  women  would  contract  the  disease  than  men. 

The  preference  of  pneumonia  for  a  particular  sex  could  be  sho^^^l 
with  more  certainty  if  differences  in  children  were  observed.  Un- 
fortunateh',  however,  there  are  very  few  reports  concerning  this, 
although  those  that  do  exist  are  not  -without  value.  Damascliino 
states  that  pulmonary  inflammation  occurs  more  frequently  in  boys 
than  in  girls.  Among  16  cases,  12  were  boys  and  4  girls.  In  m}^ 
observations  I  can  show,  against  this  small  number,  the  positive  fact 
that  among  my  1501  patients  there  were,  between  the  ages  of  five  and 
ten,  22  boys  and  24  girls.  Among  those  aged  five  years  and  less 
there  were  35  boys  and  22  girls.  Even  if  we  take  all  the  cases  up 
to  ten  years,  there  were  57  boys  to  46  girls,  which  is  cause  enough 
to  assume  that  sex   does  not  cause   any  particular  difference,  and 
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that  the  differences  in  the  frequency  of  occurrence  in  more  advanced 
age  cannot  be  traced  to  the  influence  of  sex. 

The  fact  that  pneumonia  occurs  more  seldom  among  the  better 
situated  classes  I  would  like  to  discuss  according  to  my  own  subjective 
observations.  Definite  statistics  concerning  this  fact  are  not  available. 
Those  that  are  at  hand,  however,  seem  to  indicate  that  this  is  the  fact  ; 
at  least,  according  to  the  report  of  v.  Jiirgensen,  it  appears  that  the 
mortality  of  the  English  army  shows  that  at  the  different  stations 
fewer  officers  died  from  pneumonia  than  ordinary  soldiers.  Out  of  1000 
soldiers  there  were  12  deaths,  and  among  1000  officers  but  5  deaths. 
The  less  frequent  occurrence  among  better  situated  people  may 
be  explained  by  the  possibility  of  better  preventive  measures  and 
more  resourceful  auxiliary  measures,  so  that  the  consequences  of 
fatigue  and  bodily  exertion,  as  well  as  the  damage  done  by  ex- 
posure to  the  elements,  and  particularly  the  influence  of  the  rain, 
causing  cooling  of  the  surface  of  the  body,  may  be  more  successfully 
combated. 

In  order  to  settle  the  question  of  permanent  disposition,  the  sub- 
ject of  age  and  its  significance  for  the  occurrence  of  pneumonia  is 
to  be  considered,  and  it  is  to  be  investigated  whether  any  age  is  more 
predisposed  than  another. 

It  is  a  wefl-known  fact  that  pneumonia  occurs  at  any  age.  It  is 
particularly  to  be  mentioned,  however,  that  in  children  pneumonia 
does  not  occur  as  rarely  within  the  first  year  of  life  as  is  often  sup- 
posed. The  fact  is  that  the  subjective  symptoms  of  the  disease  are 
frequently  so  little  marked  that  the  disease  itself  can  easily  be  over- 
looked. According  to  my  own  observations,  in  private  as  well  as  in 
hospital  practice,  I  fully  coincide  with  the  view  of  Rilliet  and  Barthez, 
as  well  as  that  of  v.  Ziemssen,  and  can  assert  that  pneumonia  occurs 
during  the  first  years  of  fife  with  comparative  frequency. 

In  the  following  review  of  the  statistics  on  the  subject  the 
number  of  cases  within  the  first  five  years  of  life  may  appear  somewhat 
high,  and  the  possibflity  might  be  suggested  that  the  autopsies  in  the 
hospital  showed  lobar,  but  not  croupous  pneumonia,  had  not  Fraenkel 
and  Reiche  given  similar  reports. 

As  far  as  the  age  of  the  patients  afflicted  with  pneumonia  is  con- 
cerned, the  total  number  afflicted  was : 


Males 

>. 

Females. 

Up  to    5  years   . 

.   35 

i.e.,    3.0% 

Up  to    5  years   . 

.    22 

i.  e.,    8.0% 

"      10    " 

.   22 

"       2.0% 

"      10    " 

.    24 

"       8.5% 

"      20    " 

.256 

"     20.7% 

"      20    " 

.   77 

"     28.0% 

"      30    " 

.372 

"     30.4% 

"      30    " 

.   65 

"     23.4% 

"      40    " 

.229 

"     19.0% 

"      40    " 

.    30 

"     10.6% 

"      50    " 

.172 

"     14.0% 

"      50    " 

.   23 

"       8.3% 

"      60    " 

.   69 

"       5.5% 

"      60    " 

.    14 

"       5.0% 

Over   60    " 

.   68 

"       5.4% 

Over   60    " 

.   23 

"       8.3% 

Total  .1223 


Total  .  .278 
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[In  our  195  cases  the  age  was  as  follows : 

years  26 

"      28 

"      48 

"      32 

"      36 

"      ■ 13 

"     • 11 

"      1 


0 

to  10 

11 

"  20 

21 

"  30 

31 

"  40 

41 

"  50 

51 

"  60 

61 

"  70 

71 

"  80 

In  Norris'  series: 


Number 
Attacked. 


1  to 

10 

10  " 

20 

20  " 

30 

30  " 

40 

40  " 

50 

50  " 

60 

60  " 

70 

70  " 

80 

80  + 

10  years  71 

71 

136 

84 

67 

30 

13 

6 

1 


Number 
Deaths. 

10 

7 
25 
22 
29 
16 
10 

4 

1 


195 


Mortality. 

14.0% 
9.9% 
18.0%o 
26.0% 
43.0% 
53.0% 
77.0% 
66.0% 
100.0%, 


—Ed.] 

The  relative  frequency  of  the  occurrence  in  the  given  ages  cannot, 
however,  be  deduced  from  these  figures.  There  is  still  to  be  con- 
sidered a  comparison  with  the  total  number  of  patients  of  each  re- 
spective year  admitted.  For  this  purpose  I  have  divided  all  the 
patients  admitted  into  the  hospital  from  1892  to  1895  into  the 
various  ages.  Within  the  time  mentioned  4114  men  were  admitted 
and  4723  women,  a  total  of  8837 ;  and  of  these,  there  were : 


Males. 

Femalks. 

Up  to  the  5th  year  .  . 

...  397 

Up  to  the  5th  ^ 

year  .  . 

...   382 

"   10th  "  . . 

...  88 

10th 

...  102 

"   20th  "  .. 

....806 

20th 

. ..1645 

"   30th  "  . . 

....996 

30th 

. . . 1646 

"   40th  "  . . . 

....597 

40th 

...  441 

"   50th  "  ... 

....565 

50th 

...  207 

"   60th  "  . . . 

....311 

60th 

...  133 

Over  60  years 

....  354 

Over 

60 

years . 
Total 

...  167 

Total 

...4114 

. . .4723 

During  the  same  time  (1892  to  1895  inclusive)  220  males  and  101 
females,  a  total  of  331,  were  admitted  on  accoimt  of  pneumonia;  and 
of  these,  there  were: 


28 


Males. 

Up  to  5  years  

"   10  "   

....  18 
8 

Uptc 

i( 

(' 

it 

a 

Over 

Females. 

5  years  

10  "   

20  "   

30  "   

40  "   

50  "   

...11 
...  13 

"   20  " 
"  30  " 
"  40  " 
"   50  " 

....  36 
....  59 
....  30 
....  55 
....  15 
....  19 

...21 
...19 
...14 
..  .  11 

"  60  " 

60  "   

.  .  .  5 

Over  60  " 

60  "   

...  7 

Total 220 


Total  101 
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The  comparative  percentage  of  those  ill  with  pneumonia  to  those 
admitted,  according  to  the  age,  is  as  follows: 

Males.                                                                     Females. 
Up  to    5  years    4.5%  Up  to    5  years    3.0% 


Ov 


10  "  9.0%,  "  10 

20  "  4.4%  "  20 

30  "  6.0%  "  30 

40  "  .  .  .■ 5.0%  "  40 

50  "  6.2%  "  50 

60  "  5.0%  "  60 

er  60  "  18.6%  Over  60 


.11.7% 
1.3% 

1-1% 
3.1% 
5.3% 
4.0% 

4.2% 


All  that  I  attempt  to  deduce  from  these  figures  is  that  the  morbidity 
in  males  is  the  same  at  any  age  between  the  tenth  and  the  sixtieth 
years  of  life ;  that  the  morbidity  is  high  after  the  sixtieth  year  in 
males;  and  that  the  latter  contract  pneumonia  between  the  tenth 
and  the  thirtieth  years  of  life  three  times  as  frequently  as  do  females 
in  the  corresponding  ages.  Whether  the  morbidity  between  the  fifth 
and  tenth  years  is  really  as  large  as  the  above  figures  indicate,  or 
whether  these  figures  are  not  sufficient,  as  far  as  these  ages  are  con- 
cerned, to  permit  of  a  certain  deduction,  later  investigations  must 
determine. 

Furthermore,  it  is  to  be  considered  whether  one  portion  of  the 
lung  or  an  individual  lobe  is  more  disposed  to  pneumonia  than  other 
portions.  This  question  has  already  been  answered  by  Chomel,  in 
that  the  right  lung  is  more  frequenth'  attacked  by  pneumonia  than 
the  left.  Andral  even  contends  that  the  right  lung  is  affected  twice 
as  often  as  the  left.  Grisolle  has  made  exhaustive  observations  in 
this  respect.  Among  his  280  cases  the  seat  of  the  pulmonary  inflam- 
mation was  166  times  on  the  right  side,  97  times  on  the  left  side, 
and  17  times  it  was  bilateral.  Among  1430  cases  compiled  by  other 
authors,  742  occurred  on  the  right  side,  426  on  the  left  side,  and  262 
cases  were  bilateral.  The  right  lung  was  affected,  therefore,  in  51.9% 
of  the  total  number,  and  the  left  lung  in  29.8%.  [In  our  cases  the 
right  lung  was  affected  in  55.8%;  the  left,  in  23.67%  of  the  cases. — 
Ed.] 

Grisolle  has  paid  particular  attention  to  the  relative  frequency 
with  which  the  upper  and  lower  lobes  were  affected.  They  became 
diseased  in  the  proportion  of  3  :  4.  This,  however,  varies  in  indi- 
vidual years.  In  the  years  1836-40  the  upper  lobe  was  affected  in 
more  than  one-third  of  the  cases,  and  in  the  3^ear  1837  hardly  in  one- 
fifth  of  the  cases.  Regarding  the  predisposition  of  the  right  side,  he 
remarks  that  this  is  due  neither  to  the  position  of  the  patient  nor 
to  the  more  transverse  direction  of  the  right  pulmonary  artery,  as 
Lombard  believes,  but  that  it  is  only  the  greater  volume  of  the 
right  lung  which  here  can  be  of  any  particular  significance.  Accord- 
ing to  Huss,  among  2616  patients  the  inflammation  occurred  1398 
times  on  the  right  side,  834  times  on  the  left  side,  and  384  times  on 
both  sides,  the  relative  percentage,  therefore,  being  almost  that  of 
GrisoUe:  53  :  32  :  15. 
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The  table  on  page  436  presents  my  1501  cases,  arranged  accord- 
ing to  age  and  sex.  In  addition  to  this  table,  there  is  still  to  be 
remarked  that  among  the  112  cases,  in  which  both  lobes  of  the  right 
lung  were  affected,  the  lower  and  middle  lobes  were  affected  66  times, 
the  middle  and  upper  lobes  45  times,  and  the  lower  and  upper  lobes 
only  once;  furthermore,  that  among  the  189  cases  in  which  both 
lungs  were  affected,  there  existed,  in  18,  various  combinations  which 
deserve  to  be  briefly  reported,  although  they  do  not  call  for  special 
comment.     The  following  are  the  various  lobes  that  were  affected: 

Both  upper  lobes 14  times.  Entire   right   lung   and    left 

Both  lower  lobes 85      "  upper  lobe 5  times. 

Right    upper    lobe    and   left  Entire    left    lung    and   right 

lower  lobe 10      "  upper  lobe 5      " 

Left    upper   lobe    and    right  Entire    right    lung    and    left 

lower  lobe 5      "  lower  lobe 22      " 

Left    upper   lobe    and    right  Entire    left   lung    and   right 

middle  lobe ^ 1  time.  lower  lobe 17      " 

Left    lower    lobe    and    right  Entire  left  lung,  right  upper 

middle  lobe 2  times.  lobe,  and  right  lower  lobe .  .    2      " 

Entire  left  lung,  right  lower 
lobe,  and  right  middle  lobe    4      " 

Left  upper,  right  upper  and  middle  lobes 1  time. 

Left  lower  and  right  middle  lobes 2  times. 

Left  lower,  right  lower,  and  right  upper 4      " 

Left  lower,  right  lower  and  middle  lobes 6      " 

Left  lower,  right  upper  and  middle  lobes 1  time. 

Both  lungs  totally 3  times  (terminating 

fatally). 

Among  the  112  cases  (7.5%)  in  w^hich  only  two  lobes  of  the  right 
lung  were  affected,  the — 

Upper  and  middle  lobes  were  involved  in 45  cases. 

LoW'er  and  middle  lobes  were  involved  in 66      " 

Lower  and  upper  lobes  were  involved  in 1  case. 

[Location  of  lesion — 195  cases,  Musser  ;  500  cases,  Norris — 

Right  lower 55  =  28.2%         145  =  29%. 

Right  middle .  . , 4  14  =    2% . 

Right  upper 19  55  =  11%. 

Entire  right  lung 12  45  =    9%. 

Right  middle  and  lower 10 

Right  upper  and  middle 7 

Right  uppei  and  lower 2 

,  109  =  55.8% 

Right  and  left  lower 14  60  =  12%. 

Right  lower  and  middle,  and  left  low^er.  1 
Right  lower  and  middle,  and  left  upper.  1 
Right  upper  and  middle,  and  left  upper    1 

Right  middle  and  left  lower 1 

Entire  right  lung  and  left  lower 2 

Left  lower,  left  and  right  upper 2 

Entire  left  lung  and  right  lower 3 

Left  and  right  upper 2'  4=    9%. 

^  =  13.8% 

Left  lower .* 36  =  18.4%  115  =  23%. 

Left  upper 6  20  =    4  % . 

Entire  left  lung 4  35  =    7  % . 

Left  side 46  =  23.6%  _ 

Location  doubtful 13  — Ed.  J 
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Regarding  the  relation  of  both  halves  of  the  lungs,  it  was  seen 
that  the  right  side  was  diseased  782  times  alone,  the  left  side  530 
times  alone,  and  both  lungs  189  times;  the  relative  percentage  almost 
entirely  coincides  with  that  reported  bv  Grisolle  and  Huss;  it  is 
52%:  35.2%:  12.8%. 

In  addition  to  these  figures,  it  is  deserving  of  particular  mention 
that  such  a  careful  obser^'er  as  v.  Ziemssen  found  that  in  children 
there  was  no  difference  whatever  in  the  frequency  of  the  disease  on 
the  right  and  left  sides.  According  to  his  reports,  among  191  cases  of 
croupous  pneumonia  occurring  in  cliildren  91  were  on  the  right  side, 
88  on  the  left  side,  and  11  on  both  sides.  This  difference  between 
children  and  adults  leads  me  to  assume  that  perhaps  the  work  of 
adults,  who  use  the  right  arm  and  the  musculature  of  the  right  half 
of  the  thorax  more  than  the  left  side  exerts  an  influence  upon  the 
right  lung,  and  makes  it  especially  liable  to  contract  the  disease. 
It  is  still  to  be  determined  whether  this  influence  is  produced  by 
means  of  the  pulmonary  vessels  or  through  mechanical  concussion 
of  the  lung  tissue. 

CLINICAL  COURSE. 

In  healthy  indi^iduals  who  are  not  above  middle  age  the  disease 
generally  sets  in  abruptly.  In  children  a  ^dolent  conAOilsion  may 
occur  at  the  onset,  and  in  youthful  incli^'iduals  \'iolent  vomiting  may 
occur,  while  in  middle  age  an  intense  chill  ushers  in  the  disease.  In 
all  cases  there  also  occurs  a  marked  rise  in  temperature.  Pulse  and 
respirations  are  markedly  increased,  the  face  is  flushed  and  occa- 
sionally H\'id.  The  patients  complain  of  a  feeling  of  intense  depres- 
sion, headache,  and  marked  thirst.  Frequently  from  the  beginning 
"a  stitch  in  the  side"  occurs.  More  rarely  than  is  stated,  however, 
does  marked  dyspnea  occur  from  the  onset.  When  it  does  occur, 
it  is  to  be  attributed  to  the  pain  in  the  side,  which  renders  com- 
plete respiration  impossible. 

In  the  minority  of  cases  a  feeling  of  general  malaise  lasting  several 
days  precedes  the  onset ;  this  is  to  be  taken  into  consideration  in  the 
diagnosis  and  prognosis,  and  particularly  as  regards  the  outlook  for 
complete  recovery.  We  should  be  careful  not  to  ignore  the  fact  that 
an  acute  miliary  tuberculosis  of  the  lungs  may  have  a  similar  onset. 

"UTien  pneumonia  is  added  to  a  disease  already  present, — in  the 
puerperium,  enteric  fever,  variola,  delirium  tremens,  and  psychoses, — 
it  may  begin  without  any  characteristic  symptom.  The  patients  do 
not  complain  of  pain ;  cough  and  dyspnea  need  not  necessarih'  be 
present.  Only  the  fever  that  was  pre\'iously  present  rises  higher.  If 
the  Itings  are  not  examined,  the  disease  may  be  entirely  overlooked. 

The  short  paroxysms  of  cough  occurring  with  the  onset  of  the 
disease  gradually  become  more  severe.  They  increase  the  pain  in  the 
side,  and,  in  addition,  give  rise  to  pain  in  the  head,  which  becomes  so 
violent  that  the  patients  fear  the  paroxysms  of  cough,  and  when  the 
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latter  occur,  hold  their  heads  with  both  hands.  The  pneumonias 
affecting  the  base  are  most  frequently  accompanied  by  a  stitch  in 
the  side. 

At  first  no  secretion  accompanies  the  cough.  Later,  however, 
generally  even  on  the  second  day  of  the  disease,  there  is  a  character- 
istic bloody  sputum,  which  represents  a  very  important  symp- 
tom of  the  disease,  and  from  the  very  beginning  makes  a  diagnosis 
of  pulmonar)^  inflammation  permissible.  At  least  in  an  otherwise 
healthy  individual,  in  spite  of  the  prehminary  absence  of  certain 
objective  symptoms,  one  will  not  go  amiss  in  making  a  diagnosis  of 
"  pneumonia"  if  one  depends,  on  the  one  hand,  upon  the  characteristic 
sputum,  upon  the  violent  fever,  as  well  as  upon  the  stitch  in  the 
side,  provided,  on  the  other  hand,  cardiac  disease,  as  well  as  diseases 
giving  rise  to  emboH  in  the  lung,  can  be  excluded.  But  this  does  not 
by  any  means  mean  that  a  pneumonia  cannot  occur  where  cardiac 
disease  and  even  emboli  already  exist. 

The  characteristics  of  pneumonic  sputum  consist  in  its  tenacity 
and  its  bright  red  appearance.  Where  infarcts  exist,  even  when 
these  affect  a  whole  lobe  of  the  lung,  the  expectorated  blood  is  of  a 
dark  red  color.  The  sputum  expectorated  in  croupous  pneumonia 
has  correctly  been  called  ''rubiginous  "("rusty")-  The  expectoration 
in  pneumonia  may  of  course  present  other  appearances.  During  the 
first  two  days  but  a  few  streaks  of  blood  may  be  mixed  mth  the 
sputum,  which  adheres  to  the  cup,  and  it  ma}^,  in  the  further  course 
of  the  cUsease,  assume  a  lemon  yellow,  greenish,  or  darker  hemor- 
rhagic prune-juice  appearance,  and  in  the  latter  case  become  thin 
and  watery.  Generally  in  those  cases  where  the  sputum  is  needed 
for  purposes  of  diagnosis  it  is  entirely  absent ;  tliis  is  the  case  in  pneu- 
monia affecting  the  upper  lobes,  in  delirium  tremens,  and  in  pul- 
monary inflammations  which  occur  secondary  to  other  diseases. 

The  most  characteristic  symptoms  are  obtained  by  objective  ex- 
amination, by  percussion  and  auscultation.  Independent  of  every 
subjective  symptom,  at  the  beginning  of  the  disease  a  somewhat 
empty,  high  percussion  note  points  to  the  diseased  side  or  lobe. 
This  change  is  to  be  attributed  to  the  diminution  in  size  of  the  alveolar 
lumen,  to  the  swelhng  of  its  epithelium,  and  to  the  marked  filling  of 
the  alveolar  capillaries.  The  decrease  in  the  elasticity  of  the  lung 
tissue  in  the  diseased  portions  which  is  associated  with  these  phe- 
nomena, contributes  to  confine  the  vibrations  to  a  smafler  area. 

The  decrease  in  the  elasticity  of  the  pulmonary  tissue  may  occa- 
sionafly  give  rise  to  a  tympanitic  percussion  note  and  occasion  doubt 
as  to  whether  one  is  really  examining  the  diseased  side.  In  pneu- 
monias lasting  one  to  two  days  it  may  even  happen  that  one  can- 
not know  which  the  diseased  side  is.  Even  the  presence  of  stitch 
in  the  side  does  not  always  decide  the  question,  for  it  may  occur 
upon  both  sides,  or  on  the  side  opposite  to  the  diseased  lung.  Even 
auscultation  does  not  necessarily  elicit  characteristic  signs  at  the 
beginning.     The  breathing   may  simply  be  weakened.     Generally, 
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however,  the  characteristic  crepitant  rales  soon  occur,  which,  together 
with  the  above-named  symptoms,  clear  up  the  diagnosis. 

In  the  further  course  of  the  disease,  frequently  even  on  the  second 
day,  percassion  shows  complete  dulness;  and  auscultation  reveals 
bronchial  inspiration  and  expiration,  generally  without  rales.  Vocal 
fremitus  is  increased,  bronchophony  is  heard,  and  what,  according 
to  my  experience,  may  be  considered  as  the  most  important  point  of 
differentiation  from  the  bronchophony  and  egophony  heard  in  pleural 
effusion,  is  a  soft  bronchial  terminal  respiratory  sound  heard  during 
speaking  after  each  word,  and  occasionally  also  after  each  syllable, 
corresponcHng  to  the  expiration. 

If  these  signs  were  always  present,  the  diagnosis  would  give  rise 
to  no  particular  difficulties;  but  variatioas  are  frequent. 

In  the  first  place,  in  pneumonias  of  the  upper  anterior  lobes  there 
is  rarely  well-marked  dulness,  which  may  also  be  said  of  pneumonia  in 
the  same  position  occurring  posteriorly;  the  same  is  also  true  of 
bronchial  breathing.  The  sputum  is  rarely  bloody.  The  reason  is 
due  to  anatomic  conditions.  The  gray  hepatization  which  is  preceded 
bj''  hemorrhage  into  the  alveoli  is  rarely  so  copious  in  pneumonia  of 
the  upper  lobe  that  the  alveoli  are  completely  filled. 

On  the  other  hand,  pneumonias  which  complicate -other  affections 
are  frequently  characterized  by  well-marked  dulness. 

In  the  further  progress  of  the  affection,  especially  in  the  stage  of 
transition  from  red  to  gray  hepatization  in  cases  that  run  a  favorable 
course,  the  symptom-complex  which  is  noted  during  the  earlier  course 
of  the  disease  is  rarely  changed.  The  high  fever,  which  is  marked 
from  the  onset  of  the  affection,  only  shows  morning  remissions; 
respiration  and  pulse  frequency  are  increased;  the  skin  is  hot,  usually 
dry;  only  rarely  and  very  transitorily  is  slight  perspiration  noted. 
Occasionally  herpes  is  added  to  this.  The  attacks  of  cough  are 
frequent,  but  not  of  long  duration.  Rusty  sputum  or  tenacious 
mucoid  sputum  is  brought  up  in  lessened  quantity.  The  stitch  in 
the  side,  which  is  endurable  during  inspiration,  becomes  exceedingly 
painful  during  the  attacks  of  cough.  Both  contribute  to  inter- 
rupt sleep.  The  appetite  is  complete!}^  lost;  only  marked  thirst  is 
present.  The  tongue  is  for  the  most  part  thickly  coated.  The  urine 
is  secreted  in  lessened  quantity;  the  bowels  are  constipated.  The 
nervous  system  shows  its  sympathy  in  the  form  of  mild  delirium. 

This  for  the  most  part  normal  course  may  be  interrupted  by  man}^ 
dangerous  phenomena.  To  these  belong,  in  the  first  place,  conditions 
of  collapse.  ^Tiether  these  are  due  to  a  disturbance  of  the  fimction  of 
the  heart  has  not  yet  been  proved.  Probably  thromboses  in  the 
pneumonic  areas  are  more  frequent  than  has  been  supposed.  Em- 
boli make  their  way  into  the  right  ventricle,  and  from  there  into 
the  pulmonary  arteries  of  other  pre^dously  healthy  portions  of  the 
lungs,  and,  through  the  sudden  interruption  in  a  large  circulatory 
area,  bring  on  symptoms  of  collapse.  If  the  emboli  are  small,  dele- 
terious effects  do  not  necessarily  follow. 
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Furthermore,  serious  symptoms  on  the  part  of  the  nervous  sys- 
tem may  arise.  Severe  halkicination,  delirium,  and,  in  drunkards, 
dehrium  tremens,  disturb  the  other\\dse  favorable  course. 

In  spite  of  all  this,  the  outcome  may  even  be  favorable.  On  the 
fifth,  seventh,  or  ninth  day  the  crisis  occurs,  with  a  complete  fall  of 
the  temperature  to  normal.  In  a  lesser  number  o'f  cases  the  tempera- 
ture falls  in  the  course  of  several  days  by  lysis. 

With  the  beginning  of  crisis  the  objective  phenomena  undergo 
a  rapid  change.  The  percutory  and  auscultator}^  phenomena  return 
to  normal  in  the  same  manner  as  they  had  progressed  from  normal 
conditions  of  the  pulmonary  structure  to  hepatization.  The  intense 
dulness  diminishes,  the  note  becomes  lovider,  then  hollow  and  high, 
imtil,  with  or  without  a  tympanitic  admixture,  it  changes  into  the 
normal  full  and  deep  pulmonary  resonance.  Bronchial  breathing  as 
well  as  bronchophony  and  the  increased  pectoral  fremitus  disappear; 
crepitation  is  noted,  and  may  or  may  not  be  accompanied  by  medium- 
sized  rales,  until  finally  normal  vesicular  respiration  returns.  This 
recession  of  the  objective  phenomena  may  be  completed  \\dthin 
twenty-four  hours.  Just  as  rapidly  all  subjective  symptoms  subside ; 
and  the  cough  may  even  disappear  suddenly. 

When  the  affection  terminates  by  lysis,  a  slower  disappearance  of 
the  objective  and  subjective  phenomena  is  noted.  Under  these  cir- 
cumstances a  careful  examination  of  the  temperature  curve  is  espe- 
cially necessary.  Any  irregularities  in  the  expected  fall  in  the  tem- 
perature, which  ought  to  show  a  remission  of  the  morning  and  even- 
ing temperature  as  compared  wdth  the  temperature  of  the  preceding 
morning  and  evening,  must  be  looked  upon  with  suspicion,  because 
during  this  time,  as  well  as  at  the  acme  of  the  affection,  the  inflamma- 
tion ma}^  attack  other  previously  healthy  parts  of  the  lung,  as  may 
easily  be  verified  by  examination,  or  a  serous  and  occasionally  puru- 
lent pleurisy  may  have  been  added  which  corresponds  to  the  position 
of  the  affected  pulmonary  lobe,  and  which  may  lead  to  the  erro- 
neous idea  that  one  is  dealing  only  -with  delayed  resolution.  If, 
therefore,  several  days  after  the  beginning  of  lysis  dulness  is  noted 
over  the  affected  lower  lobe, — because  the  base  is  exclusively 
affected  in  such  cases, — or  if  the  dulness  persists  during  the  course 
of  irregular  temperature  remissions,  whereas  the  other  parts  of  the 
lung  do  not  show  e^ddence  of  disease,  or  even  if  dulness  with  a 
normal  temperature  is  noted,  the  suspicion  must  arise  that  a  pleu- 
ral effusion  has  been  added  to  the  previously  existing  pneimionia. 
The  demonstration  of  pectoral  fremitus,  which  is  valuable  in  the  diag- 
nosis of  tMs  condition,  is  frequently  impossible,  especially  in  women 
and  in  those  patients  that  are  hoarse  or  that  suffer  from  aphonia. 
In  these  cases,  if  dulness  upon  percussion  should  last  some  time,  or 
if  the  course  of  the  affection  appear  serious,  aspiration  is  absolutely 
necessary.  In  the  case  of  a  woman  in  whom  dulness  existed  after 
several  clays'  complete  absence  of  fever,  and  in  whom  the  objective 
phenomena  did  not  give  sufficient  reason  to  suspect  a  pleural  effusion, 
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I  found  by  aspiration  the  existence  of  a  very  large  empyema,  and  by 
instituting  troatnuMit  tliis  condition  was  relieved  and  the  case  ter- 
minated in  reco\-er}'. 

Death  rarely,  perhaps  one  might  say  never,  occurs  in  croupous 
pneumonia  in  the  first  two  days.  Should  death  occur  in  this  time, 
it  is  probably  not  due  to  a  croupous  pneumonia,  but  always  to  an 
atypical  i)neumonia  produced  by  another  kind  of  infection. 

Wide  cUstribution  of  the  pneumonic  lesion  appears  to  be  rela- 
tively the  least  ominous  factor.  Pneumonias  which  have  only 
afTected  a  lower  lobe  may  give  rise  to  as  many  dangers  as  those  which 
affect  an  entire  lung.  Of  course  if  the  respiratory  area  is  reduced 
below  a  certain  point,  the  danger  incident  to  the  disease  is  thereby 
enhanced. 

Of  the  utmost  importance  to  the  outcome  of  the  affection  are 
the  toxic  substances  conveyed  from  the  lungs  to  the  other  organs. 
Many  pneumonias  which  run  a  fatal  course  cannot  be  explained  other- 
^^ise.  Death  occurs,  with  a  very  rapid  small  pulse,  frequent  respira- 
tion, cold  extremities,  and  nervous  sj'mptoms  giving  rise  to  more  and 
more  marked  coma.  The  cardiac  symptoms  merety  form  a  part  pf 
a  general  intoxication.  That  the  height  of  the  fever  has  a  damaging 
influence  upon  the  muscle  of  the  heart  is  not  to  be  supposed.  For,  in 
the  first  place,  in  other  diseases  equally  high  temperatures,  lasting  a 
much  longer  time,  occur  without  producing  such  effects  upon  the 
heart;  and,  in  the  second  place,  in  those  cases  in  w'hich  death  occurs 
from  cardiac  w^ealaiess,  the  temperature  need  never  have  reached  a 
very  high  point. 

In  other  cases  which  run  a  fatal  course,  the  increase  in  the  number 
of  respirations  and  the  presence  of  ronchi  up  to  the  time  when  pul- 
monary edema  develops,  show  that  the  phenomena  which  threaten 
the  patient's  life  are  referable  to  the  limgs.  The  edema  of  the  lungs 
which  arises  imder  these  circumstances  is  very  likely  due  to  a  spread- 
ing of  the  pneumonic  process  which  no  longer  is  able  to  fully  develop 
itself,  but  under  the  influence  of  weakened  cardiac  action  shows 
itself  in  this  manner.  A  considerable  part  in  the  fatal  termination  is 
also  due  to  the  localization  of  the  diplococcus  in  vital  organs,  in  the 
heart,  and,  what  may  occur  much  more  frequently,  in  the  meninges 
[and  in  the  colon. — Ed.]. 

Further  on  I  shall  come  to  speak  of  some  rarer  causes  which  give 
rise  to  the  fatal  issue ;  here  ma}"  only  be  mentioned  that  occasionally 
sudden  death  occurs  during  or  after  the  crisis  from  the  patient  sud- 
denly assuming  the  erect  posture.  Oligemia,  according  to  Bollinger, 
is  the  principal  cause  of  tliis  fatal  issue  in  pneumonia. 


ANALYSIS  OF  SPECIAL  SYMPTOMS. 

The  real  beginning  of  the  disease — that  is,  the  onset  from  the 
time  that  the  effects  of  Diplococcus  pneumoniae  upon  the  parts  of 
the  lung  which  have  previously  been  predisposed  are  manifested — can 
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rarely  be  definitely  determined,  as  in  most  cases  a  brusque  onset  of 
the  phenomena  of  the  affection  without  symptoms  or  with  the  gradual 
onset  of  the  deleterious  conditions,  or,  as  we  are  apt  to  say,  the  pro- 
dromal stage,  is  entirely  absent.  Probably  milder  disturbances  of 
the  bodily  functions  are  overlooked;  frequently  enough  the  physician 
himself,  when  he  notes  the  stormy  symptoms  of  a  pneumonia,  en- 
tirely forgets  to  ask  about  premonitory  symptoms.  Such  a  careful 
investigator  as  Grisolle  did  not  allow  the  observation  to  escape 
him  that  in  almost  a  quarter  of  all  cases  (50  out  of  205)  prodromes 
existed,  most  frequently  in  persons  between  the  ages  of  thirty 
and  forty,  as  well  as  between  the  ages  of  fifty  and  sixty.  Loss  of 
appetite,  malaise,  pains  in  the  back,  and  chilliness  are  noted.  In  19 
of  the  previously  mentioned  50  cases  a  slight  bronchitis  preceded 
the  affection.  [This  is  entirely  in  conformity  -with  our  experience. 
— Ed.]  In  the  rarest  cases  the  prodromes  last  longer  than  five  days. 
Traube  says  that  in  the  development  of  pneumonia  in  some  cases 
prodromes  exist  which  have  a  duration  of  from  several  days  to  four 
weeks ;  the  patients  complain  of  muscular  weakness,  of  abnormal  sen- 
sations, such  as  headache,  pains  in  the  extremities;  of  cUsturbances  in 
the  digestive  apparatus,  loss  of  appetite,  etc.  After  these  prodromes 
have  lasted  a  longer  or  shorter  time  a  chill  occurs,  which  is  followed 
by  the  development  of  the  local  phenomena  of  the  pneimionia.  Occa- 
sionally the  pneumonia  arises  in  the  form  of  a  fever,  which  exists  for 
several  days  without  any  symptoms  referable  to  the  respiratory  ap- 
paratus. During  this  time  no  abnormal  acoustic  signs,  nor  any  cough, 
expectoration,  or  abnormal  sensations  in  the  respiratory  apparatus, 
are  noted.  Kn5venagel  has  demonstrated,  by  carefully  questioning 
his  patients,  that  in  some  cases  symptoms  of  the  disease  had  existed 
only  three  or  four  days  before  their  admission  to  the  hospital ;  although 
in  the  majority  of  cases  symptoms  were  noted  seven  to  nine  days 
pre\'iously.  Penkert  gives  the  period  of  incubation  as  from  five  to 
eight  days. 

Of  especial  value  in  the  determination  of  the  period  of  incubation 
are  those  cases  in  which  contusions  are  the  cause  of  the  disease.  Here 
the  time  between  the  contusion  and  the  onset  of  the  chill,  although 
it  varies  in  individual  cases,  is,  in  general,  brief.  According  to  the 
statement  of  Stern,  only  the  bloody  expectoration  which  is  frequently 
present  at  the  onset  is  a  symptom  which  departs  from  this  rule, 
whereas  the  other  symptoms  do  not  differ  from  the  usual  symp- 
toms of  pneumonia.  The  chill,  however,  frequently  occurs  after  a 
few  hours  [in  our  case,  within  the  twenty-four  hours. — Ed.],  some- 
times in  from  one  to  two  days  after  the  contusion. 

The  attempt  to  explain  the  existence  of  the  prodromes,  and  the 
period  of  incubation  which  runs  its  course  without  obvious  prodromes, 
can  only  be  done  by  the  assumption  that,  step  by  step  with  the  local 
changes,  materials  are  accumulated  in  the  blood  whose  quantity  gradu- 
ally increases  until  either  a  chill  or  convulsions  (in  the  case  of  children) 
or  vomiting  shows  the  full  development  of  the  affection.     The  three 
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last-named,  apparently  very  clifferent  symptoms,  speak  in  a  con- 
spicuous manner  for  the  justice  of  the  assumption  that  through  the 
blood  materials  are  brought  to  the  brain  which  are  capable  of  pro- 
ducing an  irritation  th(M-e,  and  also  that  these  symptoms  are  referable 
to  a  cerebral  disturbance.  No  other  comprehensive  explanation — 
and  such  a  one  would  only  be  admissible — has  ever  been  offered. 

The  chill,  the  convulsions,  and  the  vomiting  are  ahva3's  followed 
by  a  rise  in  temperature.  These  symptoms  then  determine  the  time 
from  which  the  beginning  of  the  affection  is  determined,  and  from 
which  the  course  and  duration  of  the  affection  are  reckoned.  "S^on 
Ziemssen,  Traube,  and  v.  Jiirgensen  ad\dse,  quite  properly,  that  the 
duration  of  the  affection  should  not  be  counted  by  calendar  days,  but 
by  periods  of  twent}'-four  hours  from  the  hour  of  the  onset. 

The  anatomic  changes  in  the  pulmonary  structure  can  only  be 
determined  objectively  after  the  onset  of  the  pre^■iously  mentioned 
symptoms. 

More  difficult  is  the  determination  of  the  onset  of  the  affection 
when — as  rarely  happens — frequent  attacks  of  chills  precede  and  no 
objective  symptoms  relating  to  the  respiratory  organs  can  be  de- 
termined after  the  first  chill.  These  repeated  chills  I  have  seen  in 
cases  in  which  there  was  great  weakness  of  the  myocardium  pre\'ious 
to  the  onset  of  the  pnemnonia. 

The  chill  and  the  other  coordinate  symptoms  may  be  entirely 
absent  in  the  beginning  of  pneumonias  occurring  in  the  course  of 
delirium  tremens  or  during  the  course  of  other  acute  and  chronic 
affections  in  elderly  people.  In  aged  persons,  according  to  Hoiu"- 
mann  and  Dechambre,  the  disease  begins  acutely  in  only  one-half  of 
the  cases.  In  the  remainder  the  affection  shows  itself  by  malaise, 
weakness,  increase  in  pulse  frequency,  and  fever.  [Particularly  the 
weakness  and  increased  pulse-rate. — Ed.] 

Is  the  action  upon  the  brain  of  the  poison  circulating  in  the  blood 
in  such  cases  less  intense?  or  does  the  influence  of  the  affected  brain 
show  itself  less  markedly  because  the  vascular  system  imder  these 
circumstances  is  less  powerful?  I  believe  the  latter  is  the  more 
likely. 

The  onset  by  cliill  is  by  far  the  most  frequent.  Louis  noted  chills 
61  times  in  79  ca.ses;  GrisoUe  145  times  in  182  cases;  110  times  chill 
was  the  very  first  symptom ;  in  the  remaining  35  chill  arose  only  after 
the  stitch  in  the  side,  shortness  of  breath,  cough,  and  vomiting  had 
occurred.  [It  was  noted  in  92  of  our  series  of  195  cases,  absent  in  56, 
^nd  not  noted  in  47.  It  was  noted  in  250  of  Xorris '  series. — Ed.] 
The  duration  of  the  chill  varied.  Twice  the  chill  lasted  mne  hours ;  in 
nearly  one-half  of  those  (17  out  of  37)  that  had  no  chill  the  affection 
arose  during  the  night ;  the  warm  body  was  more  protected  from  the 
influence  of  the  outer  temperature.  Chill  is  also  more  frequently 
absent  in  autumn  and  summer  than  in  the  spring  and  v^inter.  In 
children  also  it  is  rare. 

Especially  characteristic  of  pneumonia  is  the  rapid  rise  of  the  tern- 
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peratiiro  after  the  chill,  ^'on  Zionissen,  Thomas,  v.  Jiirgonsen,  and 
Finkler  have  given  convincing  proofs  of  this.  \'on  Jiirgen.sen  noted: 
(1)  In  the  case  of  a  girl  seven  years  old,  three  hours  after  a  chill  and 
violent  vomiting,  the  temperature  was  41.1°  C.  (106°  F.);  (2)  in  a 
nine-vear-old  bov  who  was  taken  ill  with  marked  cerebral  phenomena, 
four  hours  after  the  onset  40.4°  C.  (104.7°  F.) ;  (3)  in  a  fiftv-six-vear- 
old  woman,  eight  hours  after  the  chill  40.2°  C.  (104.4°  F.j.  Finkler 
found  an  hour  and  a  half  after  the  chill  in  a  forty-year-old  man  40.6°  C. 
(105°  F.).  In  general  the  temperature  rises  in  a  few  hours  above  39° 
C.  (102.2°  F.),  and  even  after  that  continues  to  rise  until  it  reaches  a 
height  of  nearly  40°  C.  (104°  F.).  In  severe  cases  even  41°  C.  (105.8° 
F.)  and  over  may  be  reached.  "  If  women  are  taken  ill  of  pneumonia 
during  the  time  in  which  their  menstruation  should  occur,  \'ery  high 
temperatures  are  usually  noted"  (v.  Jiirgensen,  p.  57). 

The  further  course  of  the  disease  is  characterized  by  continued 
fever  (see  chart,  Fig.  29) ;  that  is  to  say:  "  Except  during  the  periods 
of  rise  and  fall  the  temperature  cur\'e  is  composed  of  the  normal 
curve  plus  an  addition  of  x  degrees.  This  increase  in  the  temperature 
remains  constant;  the  normal  curve  shows  the  daily  variations,  and 
AAithin  certain  limits  deA'iations  from  these  occur  upon  special  days" 
(v.  Jiirgensen,  p.  55).  Lebert  says,  on  the  other  hand,  quite  properly 
("^,  p.  25):  "An  absolutely  continuous  fever  does  not  occur  in  pneu- 
monia, and  we  may  only  speak  of  such,  in  which  the  morning  remis- 
sions are  sUght  and  do  not  exceed  h°  Celsius  (see  chart,  Fig.  26) .  But 
even  in  these  cases  the  subcontinued  course  is  not  regular,  since  be- 
fore as  well  as  after,  and  between  lesser  differences,  a  rise  which 
amounts  to  one  degree  or  even  more  frequently  occm's,  thus  changing 
the  subcontinued  course  into  a  slighth'  remittent  type.  [We  have 
observed  it  to  be  remittent  the  first  tw^o  or  three  days  in  many  cases. — 
Ed.]  Small  differences  are  noted  in  mild  as  well  as  in  seA'ere  cases; 
especially  in  the  latter  the  average  slight  remissions  alternate  not  only 
changed  with  greater  ones,  but  with  the  intercurrent  drops,  and  these 
intense  protracted  cases  not  rarely  later  terminate  by  lysis." 

Besides  this,  a  well-marked  remittent  tvpe  also  occurs  in  which 
daily  differences  of  from  1°  to  1.5°  C.  (1.8°  to  2.7°  F.)  even  2°  C.  (3.6° 
F.),  may  occur.  According  to  Lebert 's  experiences,  such  constituted 
curves  belong  to  the  cases  in  which  a  favorable  prognosis  may  be  gi^'en, 
and  this  zigzag  appearance  of  greater  exacerbations  with  marked  re- 
missions has  no  unfavorable  significance.     (See  chart,  Fig.  26. j 

In  the  course  of  an  intermittent  temperature,  a  pyrexia  and  a  rise 
alternate  in  a  pretty  regular  rh}i:hm.  This  form  in  its  complete  de- 
velopment is  only  noted  during  the  time  of  intermittent  fever  epi- 
demics. It  terminates,  either  so  that  after  a  defervescence  no  new 
rise  in  temperature  occurs  and  convalescence  follows,  or  after  several 
recurrences  the  intermittent  character  disappears  and  the  pneumonia 
wdth  a  relatively  high  temperature  then  terminates  by  lysis  like  a 
remittent  form  (Wunderlich  ^^\  p.  366). 

A  relapsing  course  of  the  fever  was  formerly  noted  after  the  use  of 
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general  or  copious  local  bleeding.  It  can,  however,  occur  without  any 
intervention  of  this  kind.  A  rapid  defervescence  usually  occurs  early, 
even  upon  the  second  or  third  day.  The  temperature  may  then  remain 
normal  for  thirty-six  hours  or  longer ;  but  one  does  not  note  a  proper 
involution  of  the  local  changes.  Suddenly  the  temperature  again 
rises  very  rapidly,  but  usually  does  not  quite  reach  the  former  height. 
It  remains  but  for  a  few  days  at  the  fastigium  and  then  a  definite 
defervescence  occurs,  or  the  fever  rises  a  second,  and  sometimes  even 
a  third  time  (Wunderhch,  p.  365).     (See  chart.  Fig.  25.)     An  analo- 
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Fig.  26. — Remissions  of  fever  during  first  five  dnys.    Doubtful  response  to  cold  pack,  which  was  admin- 
istered once  only. 


gous  course  of  the  temperature  is  described  by  Bertrand.  He  calls 
such  cases  "  pneumonies  a  poussees  successives." 

Wunderlich  noted  a  temperature  course  with  recrudescing  fastigium 
in  cases  in  which,  after  hepatization  of  a  part  of  the  lung,  a  second 
lobe  or  the  other  lung  was  attacked.  The  temperature,  which  had 
previously  been  favorable,  or  moderately  favorable  or  was  about  to 
enter  on  a  defervescing  course,  suddenly  presents  a  sharp  rise,  which 
is  then  followed,  by  a  continuous  or  a  subcontinued  course. 

The  final  fall  in  the  temperature  may  come  at  the  end  of  a  period  of 
gradual  decline;  or  the  temperature  may  be  persistently  high  up  to 
the  last  day  of  the  fever;  or  the  final  defervescence  may  be  preceded. 
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on  the  day  before,  by  a  pseudocrisis  (see  chart,  Fig.  25)  [14  out  of 
195  cases,  and  54  in  a  total  of  500. — Ed.]  in  wliich  the  temperature 
goes  tlown  to  normal,  and  which  is  followed  in  favorable  cases,  accord- 
ing to  ni}'  observations,  by  a  brief,  moderate,  final  exacerbation;  or, 
finally,  a  marked  rise  in  the  temperature  (perturbatio  critica)  may 
take  place  immediately  before  the  beginning  of  the  final  defervescence 

(see  chart,  Fig.  27)  [Case  of  B ,  in  which  the  temperature  rose  tf) 

107°  F.,  but  fell  to  99°  F.  in  five  hours.— Ed.].  Whether  the  occur- 
rence of  such  an  excessive  rise  toward  the  end  of  the  attack  is  a  sign 
of  impending  death  cannot  at  once  be  positively  determined,  even 
after  due  consideration  of  all  the  other  symptoms.  If  severe  nervous 
svmptoms  precede  death,  a  rapid  rise  in  the  temperature  to  41°  C. 
(105.8°  F.),  or  even  43°  C.  (109.4°  F.),  may  occur  fWunderlich,  358). 
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Fig.  27. — High  teiDpetatuie  with  pre-critical  rise. 


An  enormous  rise  in  the  temperature  may  also  occur  immediately 
after  death  (Lebert). 

The  communication  of  Traube  in  respect  to  the  important  part 
played  by  crises  and  critical  days  leads  to  important  discussion.  Upon 
the  basis  of  his  experience  he  notes  that  on  the  fifth,  seventh,  ninth,  or 
eleventh  day  in  the  course  of  an  acute  attack,  a  drop  in  the  tem- 
perature not  rarely  occurs  spontaneously  or  suddenly,  which,  however, 
does,  not  necessarily  immediately  lead  to  con"\'alescence,  but  gives  rise 
to  a  marked  and  permanent  lessening  of  the  fever.  He  has  never 
noted  such  a  condition  on  any  of  the  days  between  those  stated. 
The  sudden  falling  of  the  temperature  which  leads  to  convalescence, 
if  it  occurs,  as  it  generally  does,  before  the  fourteenth  day,  is  always 
noted  upon  the  third,  fifth,  seventh,  ninth,  or  upon  the  eleventh  day 
of  the  disease. 

Only  a  partial  confirmation  of  this  \'iew  is  given  b}^  v.  Ziemssen. 
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Among  107  cases  of  pneumonia,  the  crisis  began  twelve  times  upon 
an  even,  95  times  upon  an  odd,  day  of  the  disease.  Wuntlerhch, 
on  the  other  hantl,  found  among  75  cases  the  crisis  but  45  times 
upon  an  odd  day  and  30  times  upon  an  even  day  of  the  disease.  Just 
so  Thomas,  after  an  exiiaustiM^  investigation,  arri\'e(l  at  the  conclu- 
sion that  the  number  of  cases  in  which  the  crisis  began  upon  an  odd 
day  was  not  greater  than  the  number  in  which  the  defervescence  was 
noted  upon  an  even  day  of  the  disease.  Treatment  had  absolutely  no 
influence  upon  this  condition. 

Liebermeister,  upon  the  basis  of  statistics  of  824  cases,  which 
were  collected  from  various  well-known  authors,  brings  the  proof  that 
among  817  of  these  cases,  in  374  the  crisis  occurred  upon  an  even 
day,  and  in  443  upon  an  odd  day  of  the  disease.  This,  neverthe- 
less, is  slightly  in  favor  of  the  odd  day  of  the  disease. 

In  regard  to  the  frequency  of  crises  as  well  as  critical  days,  the 
analysis  of  all  of  my  cases  shows  873  complete  crises  in  1501  cases,  or 
57.5%.  [In  our  series  the  crisis  occurred  in  46.2%;  in  Norris' in 
60.2%.— Ed.]    The  critical  days  were: 

Day.  Men.  AVomen.  Total.    Norris,  Crisis  ix  500  Cases. 

1  1  0 
2  3 

10                        61  1 

13                         53  4 

27                       123  12 

9                       116  34 

26                       155  43 

9                         95  58 

18                       127  42 

8                         50  30 

13                         50  18 

9  13 

2  16  8 
6  5 
1  3 

13  5 

1  5 

1  2  4 

1  2 

i  11  (or  after) 

138  873 

The  crisis  therefore  occurred  on  odd  days  in  536  cases ;  on  even 
days  in  337  cases.  [In  Norris'  series  the  crisis  occurred  on  odd  days 
in  139  cases;  on  even  days  in  162  cases. — Ed.] 

It  is  also  worth  mentioning  that  among  the  22  cases  of  pneu- 
monia in  children  up  to  the  fifth  year  of  life  which  ended  critically, 
the  crisis  occurred  after  the  seventh  day  in  11  cases;  among  150 
adults  over  forty  years  of  age  the  crisis  occurred  73  times  after  the 
seventh  day,  while  in  the  rest,  between  the  fifth  and  fortieth  years 
of  age,  in  699  pneumonias  the  crisis  only  occurred  273  times  after 
the  seventh  day;  therefore  here  in  one-third,  whereas  in  the  first 
years  of  life,  and  in  the  later  years  of  hfe  in  one-half  the  cases,  the 
crisis  occurred  after  the  seventh  day.     (See  chart,  Fig.  25.) 

29 
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2 

2 

3 

51 

4 

40 

5 

96 

6 

107 

7 

129 

8 

86 

9 

109 

10 

42 

11 

37 

12 

9 

13 

14 

14 

6 

15 

1 

16 

2 

17 

1 

18 

1 

19 

1 

20 

1 

Total .  . 

.  . .735 
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In  reference  to  the  time  of  day  at  which  the  crisis  occurs,  Wunder- 
lich  says  quite  justly  that  in  the  majority  of  cases  it  occurs  in  the 
late  evening  hours,  occasionally  even  in  the  'afternoon  or  at  night, 
comparatively  rarely  in  the  morning  and  during  the  mid-day  hours. 
The  defervescence  is  often  so  rapid  that  in  spite  of  the  high  tem- 
perature the  normal  level  may  be  reached  from  evening  until  morn- 
ing. In  a  case  reported  by  v.  Jiirgensen  ("^,  p.  59)  in  which  the  tem- 
perature was  taken  every  five  minutes,  a  fall  from  40°  to  37.8°  C. 
(104°  to  100°  F.)  took  place  in  five  hours  and  twenty  minutes. 
Very  frequently,  however,  the  critical  fall  requires  between  twenty- 
four  and  thirty-six  hours.  The  temperature  then  falls  steadily ;  that  is, 
without  an  evening  rise. 

The  temperature  may  also  fall  below  the  normal,  and  in  some  few 
cases  remain  for  a  day  or  two  subnormal. 
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Fig.  29. — Typical  course  of  fever  in  pneumonia. 


In  some  cases  no  critical  fall  is  noted,  the  temperature  reaching  the 
normal  by  lysis  (see  chart.  Fig.  28)  (Wunderhch,  p.  219),  and  either 
in  a  continuous  or  slow  process  of  falling  in  which  the  temperature 
from  morning  to  evening  falls  less  than  from  evening  to  morning, 
or  becomes  remittent  in  that  the  morning  remissions  alternate  with 
decided  evening  exacerbations. 

It  is  well  in  all  cases  in  which  the  drop  in  temperature  occurs  by 
lysis  to  look  for  the  existence  of  a  complication.  Even  if  it  is  not 
proper  in  such  cases  to  exclude  a  true  pneumonia  and  accept  pneu- 
monic relapses  as  the  most  frequent  cause,  nevertheless  complica- 
tions may  be  the  cause  of  a  fall  in  temperature  by  lysis.  (vSee 
chart.  Fig.  30.)  For  example,  a  fresh  part  of  the  pulmonary  struc- 
ture being  invaded  by  the  pneumonic  process,  or  the  addition  of 
small  pleural  exudates,  which  in  a  short  time  may  spontaneously 
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disappear.  Wap;nor  l)oliovo(l  tliat  termination  l)y  lysis  is  more  fre- 
quent at  some  periods  than  at  others.  At  one  time  he  saw  them  more 
frequently  than  formerly.  In  the  years  from  1881  to  1883  he  saw 
among  199  pneumonias  only  115  terminate  by  crisis  (26  by  pro- 
tracted crisis)  and  8-4  by  lysis. 

Pneumonia  runs  its  course  without  fever  in  the  aged.  Hourmann 
and  Dechambre  say:  "Old  women  do  not  even  complain  of  being  ill. 
No  one  in  the  ward  notes  the  slightest  change  in  their  condition. 
They  get  up,  make  their  beds,  go  around,  eat  as  formerly,  then  they 
feel  themselves  somewhat  weak,  lie  down  in  bed,  and  die.     One  finds 
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Fig.  30. — ^Usual  course  of  temperature  followed 


by  empyema,  disclosed  by  physical  signs  the  sixteenth 
day. 


upon  postmortem  a  large  part  of  the  parenchyma  of  the  lung  in  a 
condition  of  abscess." 

In  close  relationship  with  the  fever  is  the  decomposition  of 
nitrogen,  or  the  change  in  body-weight.  By  means  of  the  very 
careful  investigations  of  Hubbert  and  Riessell  in  reference  to  the 
decomposition  [catabolism  ?]  of  nitrogen  in  a  person  affected  by 
croupous  pneumonia  the  proof  is  brought  that  just  in  this  disease 
an  enormous  oxidation  of  organic  albumin  occurs,  which  is  in  rela- 
tion to  the  height  of  the  temperature.  They  determined  that  the 
person  affected,  a  man  aged  twenty-five,  in  five  days  of  fever  took 
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on  83.35  gm.  (2.68  ounces)  nitrogen,  that  is,  flesh  containing  3.4% 
nitrogen;  but  during  the  same  period  he  lost  2.45  kg.  (5.40  lbs.),  or 
10.2%,  of  his  entire  body-weight.  In  estimating  the  accumulation 
of  nitrogen  from  the  sixth  to  the  tenth  day  as  89.54  gm.  (2.87 
ounces)  nitrogen,  or  2.65  kg.  (6  lbs.)  flesh,  the  loss  during  the  five 
days  of  illness  amounted  to  21.2%  of  his  weight. 

These  results  correspond  to  the  astounding  loss  of  weight  which 
occurs  in  pneumonia  in  the  course  of  but  a  few  days.  As  it  is  my 
rule  to  weigh  the  greater  number  of  pneumonia  patients  upon  their 
admission  to  the  hospital,  also  after  the  crisis,  and  finally  after  their 
discharge  from  the  hospital,  I  have  been  able  to  determine  that  pa- 
tients weighing  from  130  to  150  pounds  frequently  lose  after  the  crisis 
20  pounds  of  their  body-weight.  But  this  loss  is  very  rapidly  made 
up.  After  discharge  from  the  hospital  the  patients  frequently  weighed 
considerably  more  than  prior  to  their  admission.  It  must,  however, 
be  noted  that  the  patients  had  already  suffered  some  loss  of  weight, 
due  to  the  disease  existing  before  their  admission  to  the  hospital, 
as  they  were  often  ill  for  some  days  before  being  admitted. 

If  we  now  direct  our  attention  to  the  local  symptoms,  and  espe- 
cially those  relating  to  the  respiratory^  organs,  the  most  prominent 
phenomena  which  arrest  our  attention  are  pains  or  ''a  stitch  in  the 
side.''  These  belong  to  the  most  frequent  symptoms  of  pulmonary 
inflammation,  and  are  scarcely  ever  absent  when  the  lower  lobes  are 
involved,  especially  when  persons  in  middle  life  are  affected,  who  are 
overcome  while  previously  healthy.  This  stitch  in  the  side  is  rarer  in 
pneumonia  of  the  upper  lobes,  and  in  the  pneumonia  of  childhood; 
occasionally,  however,  the  opposite  is  true,  and  the  children  suffer 
from  very  severe  pain  lasting  for  some  days.  It  is  rare  for  aged 
persons  to  complain  of  these  pains;  they  are  almost  never  felt  or 
mentioned  by  delirious  patients. 

Usually  the  pain  is  confined  to  a  limited  area  and  is  scarcely  ever 
widely  distributed.  Among  the  301  patients  of  Grisolle's  these  pains 
were  absent  but  29  times,  therefore  in  but  one-tenth  of  the  cases. 
Of  the  182  patients,  161  had  these  pains  in  the  first  twelve  hours.  Of 
the  remaining  21,  17  noted  the  pain  at  the  end  of  the  first  day,  4  be- 
tween the  second  and  fourth  days.  The  pain  corresponds  to  the 
inflamed  pulmonary  area.  In  double  pneumonia  pain  was  com- 
plained of  on  but  one  side.  Pressure  upon  the  affected  intercostal 
space  increases  the  pain.  This  does  not  contradict  the  statement 
that  occasionally  the  patients  are  able  to  ameliorate  the  pain  by 
pressing  the  hand  over  the  affected  area.  In  this  manner  circum- 
scribed pressure  is  not  exerted,  but  the  expansive  force  of  the  affected 
part  in  the  thorax  is  restricted.  [In  56,  or  22.1%,  of  our  series  pain 
was  marked.     Twenty  of  these  cases  had  easily  defined  pleurisy. — Ed.  ] 

In  reference  to  the  seat  of  the  pain,  we  must  thank  Grisolle  for 
exact  statistic  reports.  In  173  cases  the  pain  was  in  the  region  of 
the  nipple  89  times ;  at  the  base  of  the  lung  and  at  the  upper  extremit}'' 
of  the  seventh  or  sixth  rib,  spreading  from  below  upward,  39  times; 
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in  the  side  and  from  ton  to  twelve  centimeters  below  the  mammillary 
line,  13  times;  anteriorly  and  laterally,  10  times;  inside  of  the  nipple, 
tt)\vanl  the  border  of  the  sternum,  6  times;  posteriorly,  especially 
in  the  fossa  infraspinata,  5  times,  and  in  the  hypochondrium  4  times; 
in  the  axillary  space,  twice ;  in  the  region  below  the  mannnilla,  twice ; 
in  the  loin  (dans  le  flanc,  the  region  between  the  last  rib  and  the 
crest  of  the  ilium,  on  the  lateral  aspect  of  the  trunk),  once;  in  the 
lumbar  region,  once;  and  in  the  fossa  supraspinata,  once. 

It  is  exceptional  for  the  pain  to  radiate  to  the  side  of  the  abdomen 
corresponding  to  the  inflamed  lung,  or  for  the  pain  to  occur  upon  the 
opposite  side  of  the  thorax.  In  both  instances  tliis  maj^  lead  to  errors 
in  diagnosis.  [Such  cases  simulate  appendicitis,  peritonitis,  gall- 
stones, and  other  abdominal  conditions. — Ed.] 

This  sensation  of  pain  may  precede  the  chill,  therefore  be  the 
first  symptom  of  the  affection ;  as  a  rule,  both  symptoms  occur  simul- 
taneously. "With  this  coexistence  of  symptoms  alone  the  presmnp- 
tion  is  justified  that  one  has  to  do  with  an  inflammation  of  the  lung. 
If  no  pain  has  occurred  at  the  onset  of  the  affection,  it  is  rare  for  the 
pain  to  occiu"  during  the  course  of  the  disease.  Occasionalh^  a  cessa- 
tion of  the  pain  is  noted  after  a  few  hours,  and  at  other  times  the  pain 
may  last  for  days.  It  is  very  rare  for  the  pain  to  assume  such  pro- 
portions that  it  is  imendurable. 

In  all  cases  in  which  the  pain  is  severe  it  shows  an  intense  affection, 
because  respiration  is  diminished,  and  inspiration,  which  is  necessary 
to  supply  the  required  amount  of  oxygen,  is  made  almost  impossible. 

Naturally  every  attempt  at  expiration  exaggerates  the  cough. 
Sneezing  also  produces  an  increase  in  pain.  The  respiration  may 
become  very  superficial  and  dyspnea  arise  as  a  result  of  the  pain. 

Dyspnea  is  a  frequent  accompaniment  of  pneumonia.  The  causes 
of  tliis  symptom  are  A'arious.  Relati^Tly  frequent,  and  especially  at 
the  onset,  occasionally  also  in  the  course  of  the  disease,  dyspnea  is  due 
to  the  pain.  Inspiration,  as  has  already  been  noted,  is  not  suflficienth^ 
deep.  As  a  result  of  this,  an  insufficient  quantity  of  oxygen  is  taken  up ; 
the  blood  is  insufficiently  decarbonized,  and  more  or  less  well-marked 
cyanois,  especially  of  the  face,  is  noted.  A  certain  proof  of  this  causal 
connection  is  found  in  the  fact  that  with  the  cessation  of  pain  dyspnea 
and  cyanosis  disappear.  The  injection  of  a  sufficient  quantity  of 
morphin  brings  this  about. 

Independently  of  the  pain,  marked  dj'spnea  may  occur  ^^'ith  the 
onset  of  the  chill  and  in  the  first  few  hours  after  the  chill.  The  cause 
of  this  is  difficult  to  determine.  Very  likely  the  dyspnea  is  in  some 
way  connected  ^^dth  the  irritation  of  the  central  nervous  system. 
It  seems  as  if  the  respiratory  functions  had  a  close  relation  to  the 
pathologic  condition.  The  ch^spnea,  despite  the  further  development 
of  the  disease  and  the  occurrence  of  hepatization,  diminishes  without 
being  especially  dangerous  to  life.  [In  children  very  frequently, 
in  adults  occasionally,  an  "expiratory  grunt,"  so-called,  occurs.  It 
is  a  sign  of  great  diagnostic  significance.     It  occurs  even  though  pain 
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is  absent. — Ed.]  Dyspnea  only  becomes  dangerous  if  a  diffuse  catarrh 
is  present  or  edema  of  the  lungs  occurs.  The  latter  luckily  is  ex- 
tremely rare,  and  scarcely  ever  occurs  in  croupous  pneumonia.  It  is 
much  more  frequent  in  atypical  pneumonia.  D3^spnea  is  not  de- 
pendent upon  the  extent  of  the  consolidation,  provided  this  consolida- 
tion does  not  affect  more  than  one  lung.  Andral  has  already  expressed 
this  opinion.  Dietl  says  that  the  patient  breathes  easier  after  hepa- 
tization has  been  completed  than  he  does  before.  This  of  course 
does  not  exclude  the  fact  that  a  high  grade  of  dyspnea  occurs  when 
both  lungs  are  affected,  and  at  the  autopsy,  only  a  part  of  the  right 
upper  lobe  is  found  to  have  escaped  hepatization ;  although  it  may  be 
edematous,  as  I  saw  in  one  case. 

In  cases  of  skoliosis,  pneumonia  alwaj^s  leads  to  weU-marked 
dyspnea. 

Even  when  there  is  no  dyspnea  a  marked  increase  in  the  respi- 
rator}'" frequency  is  noted,  which  may  last  during  the  entire  disease. 
In  adults  the  number  of  respirations  varies  between  24  and  40  per 
minute.  Such  a  high  grade  of  respiratory  frequency  as  is  noted  in 
miliary  tuberculosis  of  the  lungs,  in  which  from  60  to  80  respirations 
are  counted  in  a  minute,  if  we  except  the  agonal  stage,  is  not  seen 
in  croupous  pneumonia.  Only  in  children  are  from  40  to  50  respira- 
tions per  minute  noted.  [In  one  of  our  patients,  a  child,  two  and  a 
half  years  old,  the  respirations  were  120. — Ed.] 

''The  evening  rise  in  the  temperature  is  usually  accompanied  by 
an  increase  in  the  number  of  the  respirations,  Avhich  diminishes  again 
considerably  toward  morning,  furnishing  adcUtional  proof  of  the  fact 
that,  while  the  exudate  remains  the  same,  the  respiratory  rate  is 
determined  chiefly  by  the  nervous  phenomena,  which  increase  and 
diminish  T\ith  the  temperature.  The  dyspnea  is  combined  ^nth  great 
superficiality ;  inspiration  is  sometimes  effected  by  several  short  gasps, 
so  that  the  speech  becomes  staccato  (interrupted).  If  'playing  of 
the  al«  nasi, '  from  movement  of  the  levatores  alse  nasi,  occurs  during 
the  disease,  it  is  to  be  regarded  as  a  grave  symptom"  (Finkler,  p. 
35). 

A  further  symptom  which  is  almost  invariably  present  is  cough. 
"Cough  is  rarely  of  use;  always  troublesome,  sometimes  dangerous," 
V.  Jiirgensen  justly  remarks.  This  symptom  arises  mth  the  onset 
of  the  affection.  It  is  always  noted  in  previously  healthy  patients 
when  the  lower  lobes  are  affected;  it  is  not  marked  and  ma}"  be 
completely  absent  in  pneumonia  of  the  upper  lobes,  and  in  deli- 
rious patients,  aged  persons,  and  patients  in  whom  the  pneumonia  is 
a  result  of  other  pre^dously  present  diseases  depending  upon  affec- 
tion of  the  respiratory  or  circulatory  organs.  To  this  group  of  dis- 
eases also  belong  enteric  fcA^er  and  puerperal  affections.  At  first 
the  cough  is  noted  in  a  few  short  paroxysms,  during  which  a  small 
amount  of  tenacious  glairy  mucus  is  brought  up.  Later  paroxysms 
of  cough  of  long  duration  may  occur,  which  on  account  of  their 
frequency  may  become  serious,  and  in  case  they  last  during  the  night 
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may  add  a  great  deal  toward  robbing  the  patient  of  his  strength. 
Occasionally  severe  pains  in  the  intercostal  and  abdon:iinal  muscles 
are  noted;  and  once  as  a  result  of  the  cough  I  saw  a  rupture  of  the 
rectus  abdominis.     In  the  majority  of  cases  the  cough  is  endurable. 

The  sputum  of  pneumonic  patients  requires  full  description,  at 
first  as  regards  diagno.sis,  and  then  on  account  of  prognosis.  In  the 
beginning  the  sputum  is  tough  and  has  a  glairy  appearance  as  the 
result  of  the  mucin  contained  in  it.  When  the  sputum  is  constituted 
in  this  way,  there  can  be  no  doubt  of  its  origin ;  it  is  a  secretion  of  the 
bronchial  mucous  membrane.  Soon,  however,  it  takes  on  a  bloody 
appearance;  the  blood  is  so  intimately  mixed  ^Adth  the  mucus  that 
the  sputum  acquires  a  characteristic  appearance,  to  which  the  name 
'■  riLsty  "  has  been  given.  [The  rasty  sputum  was  noted  as  present  in 
73,  or  37.4%,  of  195  cases;  absent  in  40;  and  not  noted  in  82. — Ed.] 
^Yhen  such  a  sputum  is  present,  the  diagnosis  of  pneumonia  can  be 
made  wdth  certainty  even  if  but  slight  attention  is  given  to  other 
phenomena.  Hemorrhagic  infarct  is  probably  the  onh^  condition 
that  may  give  rise  to  cUfhculty  in  diagnosis.  Apart  from  other 
symptoms,  which  ^^ill  be  more  fully  explained  in  the  diagno.sis,  a 
differential  point  may  here  be  mentioned,  namely,  that  the  sputum 
contains  more  blood  and  is  not  so  tough  as  in  pneumonia  and 
never  has  such  a  bright  red  appearance.  The  possibility  of  a  mis- 
take in  diagnosis  rest's  on  the  fact  that  even  in  pneumonia  the  spu- 
t\mi  may  be  much  more  hemorrhagic  and  quite  uncharacteristic, 
even  pure  blood  may  be  expectorated. 

As  regards  the  time  at  which  the  characteristic  sputum  occurs  in 
pneumonia  GrisoUe  has  given  exact  figures.  In  131  patients  the 
sputum  showed  the  characteristic  color : 
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The  quantity  of  the  sputum  expectorated  is  astonishingly  small. 
Grisolle  's  estimation  places  it  at  64  gm.  (2  ounces)  in  twent3'-f oiu-  hours. 
Huppert  and  Riesell  foimd  in  a  pneumonia  of  the  entire  left  lung  that 
the  maximum  daily  amount  of  sputum  expectorated  was  67.3  gm. 
■u-ith  5  gm.  dry  substance;  while  the  minimiun  amount  was  35.7  gm. 
w^th  1.9  gm.  dn,^  substance.  Renk  foimd  in  a  case  of  pneumonia 
at  the  middle  of  the  attack  a  dailv  amount  of  sputum  of  26.0  gm. 
with  23.66  gm.  water.  [Osier  states  that  150  to  300  c.c.  (5  to  10 
fluidounces)  are  discharged  daily. — Ed.] 

These  facts  speak  also  for  the  previously  given  opinion  that 
most  of  the  pneumonic  infiltrate  is  not  expectorated,  but  absorbed. 

Regarding  the  chemical  constituents  of  the  sputum,  it  may  be 
mentioned  at  this  point  that,  according  to  the  latest  investigations, 
by  Lanz,  and  the  results  of  former  labors,  the  quantity  of  nitrogen 
that  combines  with  the  sputum,  in  other  words,  the  loss  of  albumin, 
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is  comparative!}^  large,  and  is  especially  due  to  the  amount  of  blood 
contained  in  the  sputum.  On  account  of  the  short  duration  of  the 
disease  it  is,  however,  of  slight  consequence  to  the  general  organism. 

Bussenius  found  sugar  in  the  sputum  of  pneumonia  of  a  woman 
who  suffered  from  diabetes  before  she  contracted  pneumonia. 

Occasionally  the  sputum  does  not  show  the  usual  characteristic 
rusty  appearance.  In  some  few  rare  cases  it  may  be  lemon-yellow, 
the  color  of  brick-dust,  leaf-green,  and  even  have  the  appearance  of 
prune-juice.  The  causes  of  these  abnormalities  have  not  been  in- 
vestigated. Only  the  last-mentioned  consistency  is  of  importance  as 
regards  the  course  of  the  affection,  which  shows  an  insufficient  power 
of  coagulation  of  the  blood  in  the  alveoli  and  a  simultaneous  lessening 
of  the  tough,  tenacious  secretion  of  the  smaller  bronchi,  and  is  prob- 
ably also  due  to  a  loss  in  power  of  the  heart  muscle.  This  condition, 
however,  may  be  a  transitory  one.  The  prognosis,  therefore,  in  a 
case  in  which  prune-juice  expectoration  occurs,  is  not  necessarily 
unfavorable,  but  must  be  looked  upon  as  doubtful. 

In  rare  cases,  in  the  course  of  pneumonia,  pure  blood  may  be 
brought  up  in  quite  large  amounts.  Strieker  has  in  his  collective 
report  of  900  cases  mentioned  7  cases  of  hemoptysis.  [It  has  occurred 
twice  in  our  experience.  A  woman,  aged  forty,  died;  a  lad  of  sixteen, 
in  the  course  of  a  second  attack  which  developed  five  days  after  the 
crisis  of  the  first. — Ed.]  In  one  case  in  which  the  fatal  termination 
was  due  to  the  large  amount  of  blood  lost,  the  diagnosis  was  definitely 
determined  by  postmortem. 

The  great  rarity  of  such  occurrences  is  noted  from  the  facts  given 
by  Strieker  that  these  cases  occurred  among  16,711  cases  of  hemoptysis 
which  were  treated  during  the  years  from  which  this  report  was  made 
up.  I  have  seen  but  one  case  of  very  marked  hemoptysis  in  pneu- 
monia. [In  one  of  our  private  patients  the  attending  physician  made 
a  diagnosis  of  pulmonary  tuberculosis  because  of  the  profuse  hemor- 
rhage.— Ed.]  The  affection  arose  during  convalescence  from  enteric 
fever,  and,  on  account  of  the  bleeding,  had  a  fatal  termination.  The 
autops}^  showed  red  hepatization  of  the  right  upper  lobe. 

Not  infrequently  the  sputum  is  altogether  wanting.  In  children 
the  absence  of  sputum  is  due  to  the  fact  that  it  is  swallowed.  But 
in  pneumonia  of  the  upper  lobes  other  causes  are  responsible  for  the 
absence  of  sputum.  Bouillaud's  theory  is  that  sputum  is  frequently 
absent  in  pneumonia  of  the  upper  lobe  because  the  movements  of  the 
thorax  and  the  paroxysms  of  cough  by  which  the  masses  of  exudate 
contained  in  the  alveoli  are  loosened  haA^e  less  influence  upon  the 
upper  than  upon  the  lower  lobe.  I  believe  the  diminished  expectora- 
tion to  be  due  to  the  same  causes  as  the  condition  of  the  alveoh, 
which  are  less  completely  filled  in  pneumonia  of  the  upper  lobe  during 
the  stage  of  red  hepatization:  namely,  to  a  diminished  hyperemia, 
or,  to  be  more  exact,  a  diminished  amount  of  bleecUng  into  the  alveoli 
of  the  upper  lobes  during  the  stage  of  inflammation.  The  result  of 
this  is  that  the  accompanying  secretion  of  the  finer  bronchi  is  less 
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than  in  pneumonia  of  the  lower  lobes.  More  difficult  to  explain  is  the 
frequent  absence  of  sputum,  and  especially  of  ))loody  sputum,  in 
pneumonia  of  the  lower  lobe,  which  occurs  in  the  course  of  delirium 
tremens,  in  insane  patients,  in  the  ap;e(l,  and  in  the  course  of  pneu- 
monia after  acute  diseases.  I  can  only  mention  the  hypothesis  that 
in  such  cases  a  stasis  follows  in  the  capillaries  and  veins  as  a  result  of 
disease  of  the  ah'eolar  epithelium,  and  produces  a  migration  of  the 
white  blood-corpuscles  in  the  alveoli;  that  is  to  say,  that  the  de^'elop- 
ment  of  gray  hejjatization  occurs  so  quickly  that  the  intermediate 
stage — red  hepatization,  due  to  the  migration  of  the  red  corpuscles — 
lasts  too  short  a  time  to  produce  bloody  sputum. 

In  the  sputum  of  pneumonia  plugs  and  masses  of  fibrin  which 
have  been  pre\'iously  mentioned  are  found.  The  finding  of  these 
masses  is  not  at  all  difficult  if  they  are  large  and  of  thick  caUber.  It 
is  more  difficult  to  find  the  smaller  ones.  To  do  this  the  sputum  must 
be  spread  out  upon  a  fiat  plate,  and  especially  the  thick  mucous 
plugs  must  be  carefully  picked  over  wdth  a  needle.  Usually  the 
coagula  are  found  as  threads  rolled  together;  occasionally  as  a  small 
coil  embedded  in  mucus.  The  finest  coagula  appear  as  distinct 
threads,  sometimes  only  half  coagulated,  which  can  be  isolated.  The 
sputum  may  also  be  washed  out  in  a  glass  so  that  the  threads  become 
free  of  mucus  and  adherent  cells,  and  in  this  way  the  coagula  are 
more  easily  found  (Biermer,  p.  51).  A  very  simple  method  has  shown 
itself  useful  to  me  to  find  these  fibrin  coagula.  Only  the  rusty  spu- 
tum of  a  pneumonia  patient  must  be  placed  in  a  large  bow^l  with 
water,  and  a  slide  or  a  large  glass  plate  held  in  the  water  so  that  such 
sputum  without  much  labor  may  be  spread  upon  the  glass,  or,  more 
properly,  spread  itself  upon  the  glass.  The  slide  is  then  removed 
from  the  glass  mth  the  sputum  upon  it,  the  lower  surface  is  dried 
with  a  cloth,  and  the  slide  is  placed  under  the  microscope  mthout  a 
cover-glass,  and  a  low  magnifying  powder  is  used  (40  to  50).  Almost 
exclusively  the  wavy  fibrin  threads  of  different  sizes  can  in  this  way 
be  seen. 

The  sputum  also  contains  dipiococci,  as  is  to  be  supposed,  from 
our  knowledge  of  the  pathogenesis  of  the  affection.  Wolff  found  in 
the  sputum  of  pneumonia  patients  the  same  organisms  that  Weichsel- 
baum  found  in  the  inflamed  infiltrate  of  the  lung,  and  especially 
emphasizes  the  diagnostic  value  of  such  a  finding.  He  found  the 
diplococcus  in  70  cases  66  times ;  only  thrice  he  foimd  the  Friedlander 
pneumonia  bacillus  instead  of  the  diplococcus,  and  in  only  one  case 
was  neither  present.  The  number  of  dipiococci  in  the  sputum  varied 
very  much,  and  did  not  allow  of  any  deduction  as  to  the  severity  of 
the  affection.  Also  the  time  during  which  they  might  be  noted 
varied  between  a  few  days  and  two  weeks. 

Von  Weismeyer  in  his  careful  examination  of  the  sputum  in  39 
pneimionias  justly  emphasizes  the  importance  of  determining  the 
variety  and  whether  different  varieties  of  bacteria  are  present  in  the 
sputum.     In  tw^o  of  his  cases  he  was  able  to  demonstrate  in  the 
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sputum  after  he  had  carefully  instructed  the  patient  to  cleanse  the 
mouth  and  to  expectorate  into  the  glass  after  coughing,  besides  the 
Fraenkel-Weichselbaum  diplococcus,  cocci  in  chains.  In  3  cases  he 
had  to  do  with  a  pure  streptococcus  infection.  He  concludes  from 
his  observation  that  the  finding  of  streptococci  in  the  sputum  of  a 
typical  croupous  pneumonia,  without  regard  to  the  age,  without 
regard  to  the  strength  of  the  patient,  without  regard  to  the  fever  or 
the  local  phenomena,  has  an  important  influence  on  the  prognosis, 
as  it  is  extremely  likely  that  a  very  marked  delay  in  the  loosening  of 
the  infiltrate  is  to  be  expected. 

Only  with  the  help  of  objective  methods  of  examination  can  the 
seat  of  the  disease,  and  the  changes  which  occur  at  the  seat  of  the 
disease,  be  definitely  determined. 

To  determine  the  conditions  by  means  of  inspection  and  mensu- 
ration is  an  obvious  measure;  it  is,  however,  not  of  great  value. 
Broussais  thought  that  a  dilatation  of  the  diseased  side  occurs; 
Laennec  and  Andral  saw  nothing  of  this.  Woillez  in  exact  meas- 
urements found  nothing  abnormal.  Wintrich,  on  the  contrary,  notes 
a  widening  of  the  thoracic  space  as  the  result  of  pneumonia  if  the 
disease  occurs  in  the  base,  and  is  spread  out  anteriorly  and  the  dis- 
ease is  in  the  stage  of  hepatization.  The  fact  that  this  widening  is 
better  marked  if  the  two  sides  are  compared  after  complete  expira- 
tion, and  that  the  difference  amounts  to  |  to  2^  cm.,  is  by  no  means 
a  proof  that  dilatation  occurs.  After  the  explanation  of  the  ana- 
tomic condition  of  the  consolidated  lung  in  pneumonia  previously 
mentioned  (p.  387),  the  diseased  organ  has  at  the  most  the  volume  of 
a  normal  lung  distended  to  its  utmost  by  forced  inspiration;  a  dila- 
tation of  the  thorax  greater  than  the  lung  can,  therefore,  not  exist. 
If,  however,  the  circumference  of  the  diseased  side  in  expiration  is 
greater,  it  is  no  proof  of  the  expansion  of  the  thorax,  but  that  the 
infiltrated  lung,  because  it  cannot  return  to  the  volume  of  a  normal 
lung  in  the  stage  of  expiration,  during  its  rise  in  expiration,  prevents 
the  corresponding  side  of  the  thorax  from  collapsing. 

In  the  main,  Grisolle  is  correct  when  he  declares  that  mensura- 
tion of  the  thorax  in  pneumonia  is  unnecessary,  worthless,  and 
harassing. 

The  expansion  of  the  thorax  above  the  inflamed  pulmonary  area 
is  not  markedly  diminished,  unless  the  infiltration  is  very  extensive 
(v.  Ziemssen,  231).  Inspiratory  expansion  is  lessened  only  when  the 
pain  is  very  severe.  The  immobility  of  the  diseased  half  of  the 
thorax  is,  however,  never  as  complete  as  in  the  presence  of  a  large 
pleural  exudate  (v.  Ziemssen,  235). 

The  most  valuable  results  are  obtained  by  percussion  and  auscul- 
tation. At  the  onset  of  the  disease  a  hollow,  slightly  tj^mpanitic  note 
is  noted  upon  percussion.  This  arises  as  the  result  of  swelling  of 
the  alveolar  epithehum  due  to  the  fact  that  the  capillaries  are  over- 
filled with  blood,  and  as  a  result  of  this  the  elasticity  of  the  pulmonary 
structure  is  lessened  and  under  percussion  the  pulmonary  area  does 
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not  vibrate  as  in  the  normal  lung.  The  tympanitic  note  is  the  result 
of  a  loss  of  elasticity  of  the  ))uhnonarv  structure  due  to  anatomic 
reasons;  the  amount  of  air  contained  in  the  alveoli  is  no  longer  in- 
closed in  so  markedly  stretched  membranes  as  in  the  normal  condition. 

With  the  development  of  red  hepatization  the  hollow  note  gives 
way  to  a  dull  note.  That  there  is  always  a  slight  tympanitic  element, 
as  Thomas  says,  I  have  not  been  able  to  suljstantiate  in  all  cases. 
Most  frequently  this  tympanitic  note  occurs  in  pneumonia  of  the 
upper  lobes,  in  which  most  frequently,  on  account  of  the  previously 
mentioned  anatomic  reasons, — incomplete  consolidation  occurs,  hence 
red  hepatization  is  not  complete, — complete  dulness  does  not  occur. 
Here  the  continuance  of  the  tympanitic  note  is  explained  upon  the 
same  grounds  as  in  the  stage  of  engorgement.  In  those  cases  in  which 
with  complete  hepatization  of  the  lower  lobe  a  tympanitic  note  occurs, 
the  columns  of  air  in  the  bronchi  of  the  infiltrated  pulmonary  areas 
may  be  regarded  as  the  causes  of  this  condition,  as  Baumler  and  v. 
Jiirgensen  declare.  This  can  sometimes  be  proved  by  the  change  of 
the  tympanitic  note  in  opening  and  closing  the  mouth,  but  v.  Jiirgen- 
sen even  admits  that  this  is  not  frequent.  He  has  seen  only  two  cases 
of  pneumonia  of  the  lower  lobes  in  which  percussion  developed  an 
exquisitel}^  tympanitic  note,  in  which  the  note  undoubtedly  varied 
when  opening  and  closing  the  mouth. 

Finkler  has  called  attention  to  a  different  origin  of  the  tympanitic 
percussion  note.  If  the  pneumonia  occurs  in  the  left  lower  lobe 
and  occupies  Traube's  semilunar  space  up  to  the  limit  of  the  heart- 
dulness,  the  infiltrated  pneumonic  area  ma^^  transmit  the  stomach 
resonance  to  the  surface  of  the  thorax.  Even  percussion  of  the 
heart  may,  under  such  circumstances,  give  rise  to  a  tympanitic 
note. 

The  area  of  dulness  usually  coincides  in  shape  with  the  affected 
pulmonary  lobe,  but  its  extent  somewhat  exceeds  the  limits  of  the 
normal  lobe.  Dulness  noticeable  only  over  the  back,  unless  con- 
fined to  the  fossa  supraspinata,  is  to  be  referred  to  the  lower  lobe. 
Dulness  occurring  only  on  the  anterior  half  of  the  chest  belongs  to 
disease  of  the  upper  lobe;  one  noted  upon  the  right,  in  the  axillary 
space,  to  disease  of  the  middle  lobe.  Although  the  lower  lobe  upon 
both  sides  only  reaches  to  the  middle  of  the  shoulder-blade,  in  the 
stage  of  hepatization  it  takes  in  nearly  the  entire  posterior  surface 
of  the  affected  side,  whereas  the  upper  lobe,  when  it  is  alone  affected, 
spreads  laterally  and  posteriorly.  Although  statistics  teach  us  that 
the  lower  lobes,  especially  the  right,  are  more  frequently  affected,  it 
is  nevertheless  entirely  unjustifiable  and  frequently  of  decided  detri- 
ment to  the  patient  to  examine  only  the  posterior  surface.  In  this 
respect  not  only  the  anterior  surface  of  the  chest,  but  the  axillary 
region  as  well,  should  be  examined  at  every  visit,  as  many  pneumo- 
nias, both  of  the  upper  and  of  the  lower  lobe,  first  show  hepatiza- 
tion in  the  axillary  region,  and  many  pneumonias  which  begin 
centrally  first  reach  the  surface  in  front  or  at  the  sides,  and  in  this 
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way  become  accessible  to  the  methods  of  physical  examination 
(Gerharclt,  p.  260). 

Von  Jiirgensen  believes  that  pneumonia  of  the  lower  lobe  as  a 
rule  becomes  noticeable  first  in  the  posterior  axillary  line  near  the 
lower  border  of  the  scapula.  In  children  he  percusses  first  ante- 
riorly and  then  posteriorly  in  a  girdle-like  manner.  The  child  lies 
upon  the  lap  of  the  mother  or  sits  up ;  the  arm  of  the  side  that  is  to 
be  examined  is  slightly  removed  from  the  thorax,  while  the  head  is 
to  be  supported  with  special  care. 

As  regards  the  size  of  the  pulmonary  area  which  may  be  deter- 
mined by  percussion  as  dull,  Wintrich  says : ' '  Pulmonary  tissue  devoid 
of  air  and  peripherally  infiltrated,  gives  a  short  and  weak  note  only  if 
the  space  devoid  of  air  has  a  diameter  of  about  5  cm.  and  a  depth  of 
2  cm.,  and  then  only  upon  superficial  percussion." 

The  tissues  surrounding  the  area  of  consolidation  also  show 
changes  in  respect  of  percussion.  If  the  parts  of  the  lobe  contiguous 
to  the  thoracic  wall  are  in  the  primary  stages  of  the  affection,  whereas 
the  central  part  is  already  advanced, — a  condition  which  belongs  to 
central  pneumonia, — ^the  percussion  note  elicited  over  this  lobe,  may 
be  conspicuously  full  and  deep,  compared  with  which  the  note  over 
the  normal  side  appears  high  in  pitch  and  abnormal  (Skoda 's  reso- 
nance). It  occasionally  happens  that  at  the  onset  of  the  affection  a 
mistake  in  diagnosis  is  made  as  to  which  is  the  affected  side,  which, 
however,  in  the  later  stages  of  the  disease  can  readily  be  cleared  up. 
Rarely  under  such  circumstances  may  it  occur — it  happened  to  me 
but  once — that  the  pneumonia  upon  the  second  day  shows  a  critical 
defervescence,  and  it  is  then  impossible  to  determine  accurately  which 
side  was  the  diseased  one. 

Further,  it  may  occur  that  where  one  lobe  is  diseased  the  neigh- 
boring healthy  lobe  may  give  rise  to  a  tympanitic  note  upon  percussion. 
This  occurs  most  frequently  over  the  right  apex,  if  the  middle  and 
lower  lobes  are  the  seat  of  the  inflammation.  The  reason  for  this 
tympanitic  note,  then,  is  the  increase  in  size  of  the  infiltrated  lobe  up 
to  the  volume  which  it  would  acquire  under  normal  circumstances  at 
the  height  of  inspiration.  From  this  a  decrease  in  space  of  the  sound 
upper  lobe  results,  and  a  lessening  of  the  expansile  power  of  its  elastic 
tissue.  This  tension,  however,  in  the  normal  thorax  gives  rise  to  the 
full  deep  note  upon  percussion. 

Finally,  there  must  still  be  mentioned  that  over  the  neighboring 
sound  lobe  a  cracked-pot  sound  or,  to  speak  more  briefly,  ringing  may 
be  elicited  upon  percussion.  I  explain  the  origin  of  this  sound  by 
the  unequal  effect  of  percussion  at  the  border  between  consolidated 
and  completely  empty  pulmonary  tissue.  The  origin  would,  then, 
be  analogous  to  the  phenomena  of  interference  in  tones.  M}''  reasons 
for  this  conception  are  found  in  the  observation  of  a  similar  note  over 
a  dilated  and  hypertrophied  stomach-wall.  The  advance  of  the  con- 
traction wave  is  occasionally  visible  through  the  abdominal  wall,  and 
if  percussion  is  practised  at  the  junction  between  such  a  wave,  pro- 
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duced  by  contraction  of  the  muscles  and  tho  noip;hboring  relaxed 
part,  a  crackecl-pot  sound  is  obtained.  Therefore,  also  in  the  lungs 
the  irrefiiular  tension  of  the  tissue  at  the  ])or(ler  between  the  diseased 
lobe  and  the  sound  structure  may  be  looked  upon  as  the  reason  for  this 
phenomenon,  and  the  air  contained  in  the  bronchi  maybe  excluded  as 
a  cause  of  this  rinj>;inf2:  sound. 

Just  as  man}-sided  and  important  are  the  results  of  auscultation. 
Stokes  believed  that  the  first  stage  of  pneumonia  might  be  diagnosti- 
cated from  the  sudden  appearance  of  a  local  puerile  respiratory  mur- 
mur, combined  with  fe\'er  and  excitement  on  the  part  of  the  respira- 
tory system.  He  frequently  found,  in  cases  in  which  the  inflammation 
spread  toward  the  apex,  that  puerile  respiration  preceded  crepitant 
rales  by  some  hours.  That  this  was  no  general,  but  only  a  partial 
circumstance  was  shown  in  the  fact  that  this  puerile  respiration  w-as 
much  more  pronounced  in  the  neighborhood  of  the  seat  of  the  affec- 
tion than  in  the  opposite  lung. 

Such  an  increase  in  the  inspiratory  sound  is  easily  understood 
h  priori,  as  the  puerile  breathing,  in  the  first  place,  is  dependent  upon 
the  difference  between  the  ah'eolar  space  and  the  lumen  of  the  bron- 
chiole which  empties  into  it,  so  the  hyperemia  of  the  pulmonary 
tissue  which  occurs  at  the  onset  of  pneumonia  may  very  easily  be  the 
reason  of  the  narrowing  of  the  bronchus  which  ends  in  the  affected 
area.  According  to  Rossignol,  it  must  be  taken  into  consideration 
in  children  that  the  ^^idth  of  the  bronchiole  terminating  in  the  infun- 
dibulum  is  as  1  :  3,  while  in  adults  it  is  as  1  :  2. 

The  statement  of  Stokes  can  nevertheless  not  be  looked  upon  as 
authoritative,  as  this  condition  is  not  proved.  As  it  is  often  impos- 
sible in  the  first  few  hours  to  examine  a  case  of  pneumonia,  a  general 
corroboration  would  be  very  difficult  to  obtain. 

If,  on  the  other  hand,  Grisolle  gives  vent  to  the  opinion  that  an 
enfeeblement  of  the  respiratory  murmur  at  the  onset  of  the  affection 
exists,  there  may  perhaps  be  no  contradiction  between  the  two 
statements;  both  conditions  ma}'  occur.  But  even  the  latter  symp- 
tom has  not  especially  been  noted  by  any  one  else.  [The  editor 
agrees  -s^ith  Osier  in  supporting  Grisolle  in  this  respect.] 

The  crepitant  rale  remains  the  characteristic  sign  of  the  inflam- 
matory engorgement  of  the  pulmonary  tissue,  as  Laennec  says. 
It  may  be  noted  from  the  first  moment  of  the  inflammation,  and 
gives  an  impression  of  the  bursting  of  very  small,  uniform,  sHghtly 
moist  bubbles.  The  respiratory  murmur  simultaneously  may  be  very 
plainly  heard.  This  important  sign  of  beginning  pulmonary  inflam- 
mation is  always  present,  and  is  found  in  only  two  other  conditions — 
edema  of  the  lungs  and  hemorrhagic  infarct;  two  affections  which, 
in  general  with  the  symptoms  belonging  to  them,  may  be  easily 
differentiated.  It  appears  from  these  statements  that  Laennec  could 
not  have  considered  the  crepitant  rale  a  specific  symptom  of  crou- 
pous pneumonia — as  is  the  ^-iew  of  some  of  our  later  authors.  It 
occurs  in  all  conditions  in  which  disease  originates  in  the  vesicular 
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structure  of  the  lung,  and  the  finest  bronchioles  become  involved 
before  the  alveoli  are  airless  and  filled  with  solid  exudate.  The  crepi- 
tant rale  can  only  be  explained  in  the  manner  that  in  the  finest  bron- 
chioles, or,  more  properly,  at  the  point  at  which  the  bronchiole 
empties  into  the  alveolus,  a  tough,  pre\dously  present  fluid  is  broken 
by  the  inspired  air,  which  still,  however,  with  difficulty  is  able  to  reach 
the  vesicular  structure  of  the  lung.  For  this  reason  this  rale  may 
also  be  heard  in  other  diseases  besides  those  described  by  Laennec : 
in  fever,  at  the  bases  posteriorly,  when  patients  are  unable  to  change 
their  position  (Walche,  Barth  and  Roger,  Wintrich,  v.  Jiirgen- 
sen);  in  the  primary  stage  of  acute  catarrh  of  the  finest  bronchi 
(v.  Jiirgensen).  I  have  repeatedly  in  cases  of  tuberculosis  heard 
distinct  crepitation  over  the  upper  lobe,  not  only  transitorily  or  occa- 
sionally, but  for  quite  a  long  time. 

In  respect  to  the  origin  of  the  crepitant  rale,  it  can  be  easily  under- 
stood, when  in  the  place  of  tliis  physical  sign  occasionally  fine  moist 
rales  are  heard.  This  occurs  in  connection  with  the  spread  of  the 
catarrh  of  the  bronchi,  especially  of  those  of  larger  lumen.  This  ex- 
plains the  fact  that  Hourmann  and  Dechambre  have  in  the  aged 
occasionally  not  heard  this  characteristic  crepitation,  but  large  moist 
rales,  and  Bouchut  has  noted  an  analogous  condition  in  children  up 
to  the  third  year  of  fife. 

Later  in  the  course  of  the  affection,  in  some  cases,  a  prolongation 
of  the  respiratory  murmur  occurs.  As  the  origin  of  this  may,  be 
derived  from  analogous  conditions,  as  bronchial  breathing,  it  may 
be  assumed  that  the  prolongation  of  the  expiratory  murmur  may  be 
due  to  the  almost  complete  absence  of  air  in  the  alveoh,  but  the  dis- 
lodgment  of  air  has  not  as  yet  been  complete.  [After  a  cough  harsh 
or  broncho- vesicular  breathing  may  be  heard  at  this  stage. — Ed.] 

Well-developed  bronchial  breathing,  heard  in  inspiration  as  well  as 
in  expiration,  occurs  in  the  stage  of  red  hepatization.  In  typical 
cases  this  is  very  characteristic.  One  has  the  sensation  that  it  is  very 
close  to  the  ear  and  is  not  transmitted  by  any  substance  lying  between. 
But  not  rarely  it  is  absent  or  it  is  not  as  characteristic,  as  has  just 
been  stated ;  this  is  particularly  the  case  when  it  is  most  important 
for  diagnostic  purposes.  Absence  of  bronchial  breathing  is  particu- 
larly frequent  in  pneumonia  of  the  upper  lobes,  or  of  the  anterior 
surface  of  the  chest.  Its  absence  has  to  do  wdth  incomplete  red 
hepatization;  the  alveoh  are  not  completely  empty  of  air,  as  not 
enough  blood  has  entered  into  them.  It  is  not  possible  for  quies- 
cent columns  of  air  to  be  produced  in  the  bronchi  that  supply  the 
diseased  upper  lobe.  As  I  have  proved  in  another  place ,^  bronchial 
breathing  arises  in  the  diseased  lung  only  from  the  fact  that  the  col- 
umn of  air  drawn  into  the  sound  parts  of  the  lung,  or  expired  from 
these  parts,  passes  the  column  of  air  leading  from  the  bronchi  of  the 
diseased  lobes.  As  long  as  there  may  still  be  air  drawn  in  to  the 
partly  filled  alveoh  of  the  upper  lobe  the  production  of  quiescent 
columns  of  air  in  its  bronchi  is  not  possible;  therefore  the  condi- 
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tions  necessary  for  the  production  of  bronchial  breathing  are  not  at 
hand. 

I  beUeve  that  I  may  mention  at  this  place  that  it  occasionally 
is  no  easy  matter,  after  a  ])hysical  examination,  to  say  whether 
dulness  of  the  entire  upper  lobe  is  of  a  tubercular  or  pneumonic 
nature,  and  then,  if  the  microscopic  examination  shows  nothing 
definite,  several  days  may  elapse  before  a  diagnosis  may  be  made  with 
certainty. 

It  may  also  be  very  difficult  to  differentiate  the  symptoms  if  to  a 
pneumonia  of  a  left  lower  lobe  a  pleurisy  and  a  pneumonia  of  an 
upper  lobe  of  the  same  side  are  added.  Some  time  ago  I  noted  just 
such  a  case.  Anteriorly  upon  the  left,  reaching  from  above  down- 
ward, complete  dulness,  everywhere  complete  suppression  of  breath- 
ing, decreased  pectoral  fremitus,  displacement  of  the  heart,  and  no 
alteration  in  the  position  of  the  spleen  were  noted.  After  the  purulent 
effusion  was  removed  by  means  of  resection  of  the  ribs,  dulness  still 
remained  upon  percussion  over  the  upper  lobe ;  that  is,  the  pneumonia 
remained  beliind,  but  later  disappeared  complete!}'.  The  patient  was 
discharged  cured. 

Bronchial  breathing  may  be  absent  if  the  bronchi  which  lead  to 
the  part  contain  a  great  deal  of  mucus.  Very  Hkely  it  is  always  due  to 
the  fact  that  a  large  number  of  the  smaller  bronchi  are  occluded. 
I  tliink  it  exceedingly  imlikely  that  in  the  case  of  pneumonia  the 
larger  bronchi  can  be  completely  filled  mth  mucus  or  other  material. 

An  important  symptom  is  bronchophony ;  that  is,  the  auscultation 
of  the  ^'ibrations  of  the  vocal  cords  in  speaking,  coimting,  etc.,  by 
means  of  their  disseminated  waves  of  sound.  If  one  auscultates  over 
a  pneumonic  infiltrated  lobe  while  the  patient  speaks,  one  hears  the 
spoken  w^ords  verj^  plainly.  It  appears  as  if  the  waves  of  sound  im- 
mecUately  enter  through  the  thoracic  wall  into  the  ear  of  the  person 
auscultating,  "but  sounds  in  bronchophony  are  never  as  plain  and 
distincth'  articulated  as  if  the  words  came  cUrectly  from  the  mouth 
of  the  one  under  examination"  (Wintrich,  p.  147).  This  sound 
production,  w^hich  cannot  be  heard  over  the  normal  limg,  Laennec 
explains  from  the  property  of  conduction  of  the  consolidated  pul- 
monary tissue  which  is  better  than  in  the  normal  condition ;  whereas 
Skoda  believes  the  same  to  be  due  to  the  consonance  of  the  air  in  the 
bronchi  of  the  consolidated  pulmonary  areas,  which  are  easily  capable 
of  transmitting  the  consonant  voice.  A  powerful,  high-pitched 
bronchophony  is  especially  characteristic  of  pneumonia. 

AccorcUng  to  my  opinion,  the  causes  for  the  production  of  broncho- 
phon}^  are  the  same  as  those  which  give  rise  to  bronchial  breathing: 
the  presence  of  quiescent  coliunns  of  air,  therefore  the  absence  of  the 
expiratory  air-current,  and  the  airless  condition  of  the  alveoli.  Only 
in  quiescent  columns  of  air  is  the  transmission  of  the  vibration  of 
the  vocal  cords  into  the  pulmonary  tissue  possible.  The  fact  that 
along  the  trachea,  in  spite  of  a  constant  movement  of  the  column  of 
air,  bronchial  breathing  and  bronchophony  may  be  heard,  does  not 
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stand  in  the  way  of  this  deduction.  The  transmission  is  made  pos- 
sible here  that  the  sounds  are  transmitted  from  the  vocal  cords  a 
certain  distance  by  means  of  the  resisting  cartilaginous  wall  of  the 
trachea  and  main  bronchi. 

During  bronchophony,  in  pneumonia,  one  hears  at  the  end  of  a 
spoken  word,  occasionally  even  at  the  end  of  each  spoken  syllable, 
lasting  somewhat  longer  than  each  separate  syllable,  a  rough,  short 
puff.  This  is  nothing  more  than  the  expiratory  bronchial  respira- 
tion, heard  between  the  pauses  of  the  vibrations  of  the  voice,  and 
due  very  likely  to  the  more  passive  expiratory  collapse  of  the  thoracic 
wall. 

Rarely  in  the  course  of  pneumonia  ma}^  egophony  be  noticed. 
According  to  Laennec,  egophony  is  the  result  of  the  natural  resonance 
of  the  voice  in  the  ramifications  of  the  bronchi,  transmitted  by  a 
thin  and  tremulous  layer  of  fluid  and  later  becoming  more  distinct 
on  account  of  the  compression  of  the  pulmonary  tissue,  which  allows 
the  latter  to  become  denser  than  normal,  and  therefore  a  better 
sound  conductor. 

Skoda  entirely  disagrees  with  this  conception,  with  very  exact 
proofs.  Here  only  the  fact  may  be  emphasized  that  egophon}^  may 
occur  without  pleural  effusion,  although  it  occurs  most  frequently 
under  those  circumstances.  Skoda  thinks  it  extremely  likely  "that 
Laennec 's  egophony  is  produced  through  one  solid  body  striking 
against  another  solid,  liquid,  or  gaseous  body.  These  shocks,  how- 
ever, cannot  take  place  inside  the  thorax,  unless  the  voice  vibrates  in 
unison  with  them  in  a  space  filled  with  air, "because  the  pulmonary 
tissue  is  not  set  into  vibration  from  the  larynx  through  the  walls  of 
the  trachea  and  the  bronchi.  It  is,  therefore,  likely  that  in  most  cases 
the  walls  of  the  bronchus,  in  the  interior  of  which  air  is  vibrating, 
react  by  impinging  upon  the  contained  air,  and  thus  produce  the 
quavering  sound.  It  is,  however,  also  possible  that  occasionall}^  a 
portion  of  mucus,  which  incompletely  closes  the  opening  of  a  bron- 
chus, may  imitate  the  mouthpiece  of  a  whistle  and  gives  rise  to  the 
quavering  sound. 

Wintrich  is  opposed  to  this  conception:  "The  sounds  of  the  voice 
become  bleating  under  the  same  circumstances  under  which  the  nasal 
sounds  are  produced,  only  with  the  difference  that,  in  the  case  of 
bleating,  the  transmission  of  the  spoken  sounds  is  rapidly  interrupted 
in  a  tremulous  manner.  Egophony  appears,  as  far  as  the  timbre  is 
concerned,  to  be  nothing  more  than  an  exaggerated  bronchophony." 

I  conceive  egophony  to  be  an  expiratory  staccato  interruption  of 
the  bronchophony  over  the  consolidated  portions  of  the  lung.  This 
staccato  interruption  is  due  to  the  fact  that  the  expiratory  diminution 
of  the  thoracic  space  is  not  produced  by  a  gradual,  steady  retrac- 
tion of  the  thoracic  wall,  but  is  effected  in  an  uneven,  jerky  manner. 
Egophony  heard  over  consolidated  portions  of  the  lungs  is  therefore 
analogous  to  the  speech  of  some  healthy  persons  who  can  only  speak 
in  a  trembling  voice. 
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The  auscultatorj'  phenomena  describetl  up  to  this  time,  bronchial 
breathing  and  bronch()i:)h(^ny,  are  ospocially  prominent  in  the  stage 
of  retl  and  <;Tay  h('i)atizati()ii.  Rales  are  very  much  rarer  in  these 
stages.  They  are  only  to  be  looked  upon  as  signs  that  the  accom- 
panying bronchial  catarrh,  which  is  always  present  in  a  greater  or 
less  degree  during  a  pneumonic  infiltration,  becomes  somewhat  more 
intense,  and  that  secretion  is  plentiful  in  the  bronchial  tubes.  This 
occurs  most  frequently  in  the  stage  of  transition  from  gray  hepatiza- 
tion to  purulent  resolution.  Characteristic  of  purulent  resolution, 
however,  is  crepitation,  the  crepitatio  rediix.  It  is  a  sign  that  the 
alveoli  have  become  free  of  exudate,  and  that  air  is  beginning  to  enter 
into  them.  The  physical  conditions  are  exactly  the  same  as  at  the 
onset  of  the  affection,  the  entering  air  must  break  up  the  narrow  open- 
ing of  the  bronchiolus  into  the  infundibulum. 

Next  to  percussion  and  auscultation,  palpation  must  be  utihzed 
in  the  diagnosis  of  the  affection.  This  method  is  of  especial  value  in 
testing  the  vocal  fremitus  of  the  consolidated  pulmonary  parts.  It  is 
for  the  most  part  increased,  and  then,  in  connection  with  the  other 
characteristic  symptoms,  a  proof  of  pneumonic  consolidation.  It 
also  enables  one  to  exclude  a  pleural  effusion  from  pneumonia.  Its 
absence,  however,  does  not  allow  of  such  a  deduction.  Like  bron- 
chial breathing  it  ma}^  be  temporarily  absent,  especialh'  if  there  be  a 
plentiful  secretion  in  the  bronchi  which  lead  to  the  part  (Skoda). 
A  single  paroxysm  of  cough  often  suffices  to  make  the  symptom  re- 
appear ;  or  it  may  be  permanently  absent ;  even  a  diminution  of  vocal 
fremitus,  instead  of  an  increase,  may  occur.  In  cases  characterized 
by  abundant  hepatization,  in  which,  at  the  autopsy,  deep  rib-furrows 
are  found  on  the  surface  of  the  lungs,  the  increase  in  the  vocal  fremitus 
is  often  missed  not  only  temporarily,  but  during  the  entire  course  of 
the  disease.  The  powerful  unilateral  pressure  on  the  thoracic  wall 
prevents  the  latter  from  \dbrating  (Gerhardt  ^*,  p.  259). 

On  the  whole,  it  may  be  taken  for  granted  that  an  increase  in  vocal 
fremitus  in  the  majority  of  cases  of  croupous  pneumonia  is  present, 
or  at  least  may  be  noted  upon  frequent  examination.  It  must,  how- 
ever, be  mentioned  that  such  a  careful  observer  as  Grisolle  has  fre- 
quently found  the  fremitus  diminished  rather  than  increased. 

To  sharply  define  the  neighboring  borders  in  which  in  one  part 
the  fremitus  is  present  or  even  increased,  whereas  in  the  other  the 
fremitus  is  weakened  or  entirely  absent,  Wintrich  advises  not  to 
coapt  the  entire  hand,  but  only  the  narrow,  inner  border  of  the  same. 
The  examination  \xi\\  be  more  exact  if  mediate  palpation  is  used 
and  the  fremitus  transmitted  to  the  hand  by  a  medium  a  line  wide, 
such  as  the  handle  of  the  percussion  hammer  or  the  edge  of  a  shav- 
ing.    Wood  transmits  the  \dbrations  of  the  voice  splendidly. 

Worth  mentioning  is  the  fact,  determined  by  Graves,  that  by  means 
of  palpation  a  "synchronous  beating  of  the  heart's  action  may  be 
noted  in  a  marked  dissemination  in  the  first  stage  of  pneumonia,"  It 
is  easy  to  understand,  says  this  author,  how  in  a  soft,  overfilled,  and 
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half  fluid  condition  the  lung,  which  is  connected  \\'ith  the  heart  by 
such  large  vessels,  may  pulsate  with  such  force  as  to  be  similar  to  the 
condition  occurring  in  aneurysm. 

In  connection  with  this  it  must  be  mentioned  that,  according  to 
Skoda,  the  auscultator  notes  a  shock  over  the  hepatized  area  not 
infrequently  with  every  pulsation  of  the  heart.  This  does  not  arise, 
as  Laennec  supposed,  through  a  transmission  of  the  heart-beat,  but 
through  the  pulsation  of  the  arteries  in  the  hepatized  lung. 

Palpation  as  a  means  to  determine  the  degree  of  heat  of  the 
normal  and  diseased  organs  contained  in  the  cavities  of  the  body,  in 
short,  thermo-palpation,  has  been  recommended  by  Benczur  and 
Jonas.  They  found  that  in  stroking  the  skin  with  the  flat  of  the  hand 
differences  in  temperature  of  the  surface,  corresponding  to  the  organs 
contained  in  the  cavity  of  the  body,  can  be  determined  with  certainty. 
The  skin  over  organs  containing  air  always  feels  warmer  than  the 
skin  over  organs  devoid  of  air,  so  that  in  this  manner  the  boundary 
between  air-containing  organs  and  solid  organs  can  be  determined  as 
certainly  as  by  means  of  percussion.  Accordingly  one  also  finds, 
under  pathologic  circumstances, — for  example,  in  pneumonia, — a  tem- 
perature deviating  from  the  normal.  In  special  cases  in  which,  for 
example,  a  rapid  determination  is  necessary,  or  in  which  percussion 
cannot  be  used,  as  in  case  of  fracture  of  the  rib,  hemoptysis,  or 
aneurysm,  thermo-palpation  may  be  exceedingly  useful. 

That  in  these  cases  there  actually  were  differences  in  temperature 
was  determined  with  the  thermogalvanometer,  with  cUfferential  air- 
thermometers,  and  with  mercury  thermometers  especially  constructed 
for  this  purpose. 

In  a  later  communication  these  authors  explain  the  reasons  for 
the  results  of  thermo-palpation  in  the  individual  parts  of  the  body. 
They  found  that  the  thermo-palpatory  boundaries  were  not  determin- 
able over  carefully  covered  parts  of  the  body,  as  also  in  a  warm  bath, 
under  water,  and  were  noted  only  when  the  covering  was  taken  off 
or  when  the  individual  on  leaving  the  warm  bath  was  treated  with 
a  cold  affusion.  This  condition  of  the  thermo-palpatory  boundaries 
obviously  indicates  either  that  the  two  parts  of  the  body  on  either 
side  of  the  thermo-palpatory  border-line  do  not  cool  off  evenly,  or  that 
after  a  simultaneous  cooling  the  warming  which  follows  takes  place 
with  a  different  rapidity.  The  absolute  temperatures  of  the  respec- 
tive internal  organs  are  not  the  main  conditions,  but  the  quantity  of 
blood  which  in  a  given  time  is  brought  in  contact  with  the  surface 
of  the  body  by  these  organs. 

On  the  normal  thorax  there  is  a  fairly  constant  relation  between 
the  results  of  percussion  and  the  temperature  differences  observed  on 
thermo-palpation,  areas  that  are  dull  on  percussion  corresponding 
to  areas  that  appear  colder  on  thermopalpation ;  thus,  for  example, 
the  skin  is  always  cooler  over  the  heart  ancl  liver  than  over  the  neigh- 
boring healthy  lungs.  On  the  abdomen  there  is  not  such  constancy 
between  the  topographic  divisions  of  the  temperature  differences  and 
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the  results  of  percussion.  This  phenomenon  finds  its  explanation  in 
the  inconstant  conditions  of  the  circulation  of  the  abdominal  cavity. 
Tiie  stomach  and  the  bowels, — depending  on  the  degree  of  fulness 
or  emptiness,  on  the  stage  of  digestion,  and  on  the  quantity  and 
tension  of  gas  contained  in  those  viscera, — may,  in  thermo-palpation, 
be  warmer  or  colder,  in  comparison  to  one  another  and  to  the  liver,  ac- 
cortling  to  the  rapidity  of  the  circulation  in  their  walls,  which  is  greater, 
for  example,  during  digestion,  and  less  in  meteorism.  Just  so,  under 
pathologic  conditions,  a  tumor  rich  in  blood-vessels  may  at  one  time 
be  cooler  and  at  another  time  warmer  than  the  contiguoas  bowel. 

Under  favorable  circumstances  one  may  even  be  able  to  feel 
chfferences  in  warmth  between  two  organs  that  give  a  dull  note  upon 
percussion,  or  between  two  pathologic  products;  for  example,  the 
pneumonic  infiltrated  lung  ancl  the  liver;  pneumonic  lung  and  spleen; 
spleen  or  liver  and  ascites.  In  this  way  one  vnW  be  able  to  determine 
bomidaries  which  cannot  be  noted  upon  percussion. 

In  corroboration  of  the  observations  of  Benczur  and  Jonas,  Fritz 
in  especial  arrives  at  the  result  that  by  means  of  thermo-palpation 
the  primary  stages  of  phthisis  may  be  proved  with  certainty ;  that . 
in  the  case  of  pleurisy  the  first,  that  is,  the  inflammatory  stage  which 
precedes  exudation,  cannot  be  determined  by  thermo-palpation ;  that 
in  pneumonia,  as  Anrep  has  already  proved,  the  recently  inflamed  lung 
is  warmer  than  the  normal,  and  much  warmer  than  that  part  which 
has  entered  into  the  stage  of  gray  hepatization. 

]\Ieissner,  on  the  contrary,  coiild  not  demonstrate  to  himself 
through  simple  palpation  the  thermic  differences  between  organs 
containing  air  and  solid  tissue ;  a  thermo-electric  test,  however,  gave 
him  the  exact  opposite  of  the  conditions  which  had  been  communi- 
cated by  Benczur  and  Jonas.  He  found  ^\'itliout  exception  that  the 
skin  surface  over  the  heart  (absolute  heart  dulness)  was  warmer  than 
that  over  the  lung. 

These  conspicuous  differences  between  the  results  obtained  upon 
examination  by  means  of  thermo-electricity  and  of  manual  examina- 
tion require  further  investigation.  So  far  as  the  latter  are  concerned, 
my  ovm.  observations  do  not  permit  of  any  doubt  as  to  the  correctness 
of  the  observations  of  Benczur  and  Jonas.  I  have  frequently  enough 
made  control  experiments,  and  from  the  first  day  of  the  affection  I 
have  been  able  to  establish  the  certainty  of  the  results.  The  value 
of  the  results  obtained  by  thermo-palpation,  however,  is  another 
question.  Up  to  the  present  I  have  not  been  able  to  learn  any  more 
than  by  the  other  methods  of  physical  examination. 

Finally,  there  must  still  be  mentioned  that  Wintrich  has  called 
attention  to  a  combination  of  palpation  and  percussion.  This  takes 
into  con.sideration,  besides  the  determination  of  the  acoustic  phe- 
nomena, the  accompanying  sense  of  resistance  according  to  the  char- 
acter of  the  organs  under  examination.  "\"on  Jiirgensen  adA'ises 
practising  this  method  to  educate  the  sense  of  touch,  which  is  usually 
greatly  neglected,  in  addition  to  the  sense  of  hearing.     Especially  in 
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the  pneumonia  of  children  this  method  of  examination  is  of  the 
greatest  value.  [To  determine  the  sense  of  the  resistance  is  most 
valuable  and  often  convincing  when  the  character  of  sounds  is  doubt- 
ful—Ed.] 

Palpatory  percussion  shows  a  distinct  increase  in  resistance  in  all 
those  parts  in  which  solid  tissue  is  contiguous  to  the  thorax-wall. 
An  increased  sense  of  resistance  occurs  in  pneumonia,  in  pleurisy  with 
large  effusion,  and  in  diffuse  total  carcinomatous  degeneration  of  the 
limg.  Without  doubt  this  increase  in  resistance  has  to  do  with  the 
diminution  in  the  lumen  of  the  smaller  bronchi,  which  in  the  latter 
case  is  the  most  complete.  The  lumen  of  the  bronchi — that  is,  the 
air  contained  in  them — represents  the  coefficient  of  elasticity  for  the 
consolidated  tissue,  and  -is  inversely  proportionate  to  its  resistance. 

A  special  description  is  required  as  to  the  behavior  of  the  sound, 
or,  more  correctly  for  many  cases,  the  apparentl}^  sound  side.  Even 
Laennec  had  noted  that  the  pain  may  be  referred  to  the  other  side 
of  the  lung,  without  inflammation  having  taken  place  upon  that 
side.  Gerhardt  gives  as  an  explanation  for  this  fact,  that  the  anas- 
.  tomoses  between  the  intercostal  nerves  on  both  sides  in  the  anterior 
mediastinum  made  it  possible  for  the  sensation  of  pain  to  be  trans- 
mitted. Huss  in  one  out  of  eight  cases  in  which  he  made  a  post- 
mortem examination  demonstrated  in  the  fourth  anterior  intercostal 
nerve  upon  the  right  side  a  branch  which,  after  supplying  the  tri- 
angularis sterni  muscle  of  the  left  side,  communicated,  by  means  of 
a  very  fine  branch  near  the  left  sternal  border,  with  the  corre- 
sponding nerve  of  the  left  side. 

From  this,  however,  only  the  occurrence  of  pain  in  the  neighbor- 
hood of  the  sternum  is  explained,  but  not  the  pain  which  is  more  noted 
laterally  or  in  the  region  of  the  shoulder,  which  occurs  upon  the  side 
not  affected  by  the  pneumonia.  Such  cases  I  have  also  a  few  times  had 
an  opportunity  to  see.  According  to  my  opinion,  the  pleura  of  the 
apparently  sound  side  was  also  in  a  slight  degree  affected.  The  local 
inflammatory  changes  may  even  go  back  further  than  this.  I  make 
this  assertion  from  an  observation  in  which,  only  after  the  crisis,  a 
pleural  effusion  occurred  upon  the  side  which  up  to  that  time  had 
remained  healthy. 

Transmission  of  bronchial  respiration  and  of  rales  from  the  af- 
fected side  to  the  sound  side  I  have  never  noted.  [In  consoHdation  at 
the  root  of  the  lung  we  may  have  transmission  of  sounds  to  the  healthy 
side. — Ed.]  But  once  I  noted  the  occurrence  of  large  mucous  rales 
in  the  left  lower  lobe,  whereas  the  pneumonia  affected  the  right 
lower  lobe.  In  this  case  the  affection  lasted  several  weeks,  mth  con- 
tinuous fever,  on  account  of  a  right-sided  pleurisy  which  accompanied 
the  pneumonia,  and  which,  in  spite  of  aspiration,  only  disappeared 
later  on  spontaneously.  The  patient,  who  was  a  physician,  was 
tapped  three  times  at  his  own  request,  a  quarter  of  a  liter  of  serous 
fluid  being  removed  at  each  tapping.  The  rales  upon  the  apparenth^ 
healthy  side  were  constantly  present,  and  for  at  least  three  weeks 
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were  plainly  audible.  After  return  to  health,  they  completely  disap- 
peared. 

The  occurrence  of  such  rales  shows  conclusively  that  one  had  to 
tlo  with  only  an  apparently  heaUhy  sitle.  Most  likely  the  pneumonic 
process  in  such  cases,  as  also  when  there  is  a  stitch  in  the  side  upon 
the  healthy  side,  fails  to  attain  its  full  development. 

The  variations  in  the  body-temperature  and  the  changes  in  the 
pulmonary  tissue,  described  so  far,  are  associated  WMth  a  series  of 
changes,  chiefly  functional  in  character,  in  some  of  the  vital  organs. 
The  explanation  of  the  intermediate  causes  of  these  functional  changes 
has  given  rise  to  many  views.  Especially  v.  Ji'irgensen  w^as  of  the 
opinion  that  the  fever  was  the  special  cause  of  these.  This  is,  how- 
ever, decidedly  contradicted  by  the  circumstance  that  there  is  no 
proportion  between  the  height  of  the  fever  and  the  severity  of  the 
affection  in  the  other  organs.  The  most  likely  cause  will  be  found 
in  the  fact  that  changes  in  the  blood  produced  by  the  metabolic  prod- 
ucts of  the  bacteria  are  the  cause  of  these  disturbances.  [The  infec- 
tion of  other  structures  or  the  occurrence  of  toxemia  gives  rise  to  the 
follo^^'ing  symptoms. — Ed.] 

Based  upon  this  ^dew,  a  distinct  line  may  be  drawn  betw^een 
symptomatic  involvement  of  other  organs  and  pathologic  changes 
of  these  organs  occurring  as  complications ;  that  is,  through  the  suppo- 
sition that  in  this  symptomatic  involvement  only  those  manifesta- 
tions which  are  due  to  the  products  of  metabolism  of  the  bacteria 
appear,  whereas  in  the  case  of  complications  in  other  organs  the 
Diplococcus  pneumoniae  itself  takes  root  in  these  organs. 

The  circulatory  system  is  chiefly  involved.  The  pulse  is  nearly 
always  increased  in  frequency.  In  connection  wdth  the  dyspnea 
mentioned  above  at  the  onset  of  the  affection,  the  pulse  may  become 
very  frequent,  while  in  the  further  course  of  the  affection  it  may  be- 
come verj'  much  slower.  This  frequency  in  the  onset  of  the  affection 
is  not  so  unfavorable  as  if  it  should  develop  in  the  further  course  of 
the  affection. 

The  highest  pulse-rates  occur  in  childhood;  "  the  younger  the  child, 
the  more  frequent  the  pulse  at  the  same  temperature''  (v.  Ziems- 
sen-«%  p.  217). 

In  adults  the  pulse  frequency  reaches  100  per  minute  and  over. 
Griesinger  gave  a  prognostic  importance  to  the  frequency  of  the 
pulse.  In  patients  in  whom  more  than  120  per  minute  occurred, 
more  than  one-third  cUed.  Opposed  to  this  it  must  be  especially 
emphasized  that  the  pulse  frequency  in  itself  does  not  admit  of  any 
prognostic  estimation.  In  the  absence  of  delirium,  and  if  there  be 
not  too  great  an  increase  in  the  respiratory  rate,  an  increased  heart's 
action  is  in  itself  not  an  imfavorable  sign. 

The  ratio  between  the  respiration  and  the  pulse  in  croupous 
pneumonia  is  always  different  from  what  occurs  under  normal  cir- 
cumstances. In  healthy  individuals  the  ratio  is  as  2  :  9.  To  each 
respiration  there  are  4.5  beats  of  the  pulse.      In  croupous  pneu- 
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monia  there  is  always  such  a  shifting  that  the  respirations  are  rela- 
tively more  frequent  than  the  pulse.  This  condition  is  recogniz- 
able at  a  time  when  the  physical  examination  may  still  be  entirely 
negative,  and  lasts  longer  than  the  disappearance  of  the  fever. 
Prognostically  as  well  as  diagnostically  this  sign  is  of  great  impor- 
tance. In  severe  cases  the  frequency  of  the  respiration  approaches 
the  frequency  of  the  pulse.  If  there  is  a  high  grade  of  atheroma- 
tous degeneration  in  the  arteries,  the  respiratory  frequency  may  be 
greater  than  the  frequency  of  the  pulse  (v.  Jiirgensen  "^,  p.  68). 
According  to  my  investigations,  the  pulse  frequency  as  well  as  the 
respiratory  frequency  never  reaches  such  an  enormous  height  as 
in  the  case  of  acute  miliary  tuberculosis  of  the  lungs.  In  excessive 
frequency  of  the  pulse  this  fact  requires  notice. 

Irregularity  of  the  pulse,  which  in  previously  existing  myocarditis 
is  handed  over  as  a  symptom  in  this  affection,  may  also  occur  in  a 
heart  previously  healthy.  Should  this  occur  at  the  acme  of  the 
disease,  which  fortunately  is  rare,  the  outcome  will  be  questionable. 
On  the  other  hand,  an  irregularity  after  the  crisis  is  more  frequent, 
and  is  without  unfavorable  prognostic  import.  [In  the  aged,  as 
also  in  right-heart  dilatation,  the  pulse  may  be  small  and  feeble, 
—Ed.] 

The  pulse-rate,  after  the  crisis,  frequently  falls  from  40  to  60. 
"  It  also  happens  that  the  pulse  becomes  slower  before  the"  onset  of  the 
crisis,  so  that  the  occurrence  of  the  crisis  may  be  predicted ' '  (Fink- 
ler,  p.  56). 

Just  so,  even  if  rarely,  the  pulse  may  become  dicrotic  in  the  course 
of  the  disease  as  well  as  after  the  crisis.  [On  the  other  hand,  it  may 
be  small,  soft,  compressible,  and  rapid,  and  the  heart  weak,  due  to 
toxemia  affecting  the  vasomotor  centers. — Ed.] 

Especially  worth  mentioning  is  the  gallop  rhythm  of  the  heart  to 
which  Frantzel  called  attention  in  inflammation  of  the  lung  (three 
heart  sounds  during  one  cardiac  cycle,  heard  evenly  distributed 
over  the  entire  precordia,  two  of  them  during  diastole).  In  fifteen 
patients  this  gallop-rhythm  was  especially  marked;  twice  it  oc- 
curred with  other  serious  symptoms — especially  great  nervous  unrest 
— which  immediatel}^  preceded  the  crisis;  four  times  it  occurred 
upon  the  day  following  the  crisis  with  symptoms  of  general  collapse. 
In  all  of  the  other  cases  it  was  either  the  first  symptom  or  an 
accompanying  symptom  of  cardiac  weakness  occurring  at  the  acme 
of  the  affection.  Twice  there  could  be  very  distinctly  heard  how 
gradually  the  gallop-rhythm,  and  with  it  the  diastolic  second  sound, 
disappeared;  how  the  force  of  the  heart  muscle  rapidly  became 
weaker ;  and,  after  a  few  hours,  in  spite  of  all  cardiac  stimulants,  death 
occurred.  [Embryocardia  is  recognized. — Ed.]  Among  these  last- 
mentioned  nine  cases  it  was  possible  to  retain  life  only  once,  after 
the  gallop-rhythm  showed  itself  as  the  dangerous  symptom  of  cardiac 
weakness  for  two  days. 

Arterial  tension  presents  wide  variations,  as  in  pneumonia  there  is 
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no  characteristic  pulse ;  the  pulse  usually  shows  the  characters  common 
to  fever.  Sphygniosniphic  tracings  show  that,  as  a  result  of  the 
lessened  tension,  the  dicrotic  wave  becomes  more  distinct,  whereas 
the  tidal  wave  almost  completely  (hsappears.  The  apex  of  the  curve 
becomes  high,  with  steep  elevation  and  steep  decline.  After  the  crisis, 
however,  the  apex  of  the  curve  becomes  extraordinarily  low;  the  tidal 
wa\'es  are  numerous,  and  occasionally  quite  as  high  as  the  pulse-wave 
itself,  whereas  the  dicrotic  wave  becomes  very  slight,  so  that  the 
tidal  wave  can  scarcely  be  distinguished  from  the  dicrotic  wave 
(Finkler,  p.  52). 

The  heart  itself  frequently  shows  essential  changes;  its  volume  is 
enlarged,  according  to  Corvisart;  this  is  constantly  the  case  if  death 
occiu-s.  Piorry  explains  this  enlargement  of  the  heart  from  the 
difficulty  of  respiration.  Heitler  is  of  the  opinion  that  it  is  due  to  a 
texture  affection  of  the  heart.  My  view  of  the  different  functional 
disturbances  which  have  been  previous!}'  mentioned  makes  me  ex- 
plain the  dilatation  as  a  weakness  of  the  cardiac  muscle,  which  is  a 
consequence  of  the  deleterious  bacterial  products  brought  to  it  from 
the  blood. 

Independent  of  this  enlargement  of  the  heart,  or  accompanying 
it,  changes  of  the  heart  occasionally  occur.  I  have  seen  the  heart 
forced  over  3  cm.  to  the  right  of  the  sternum  in  the  case  just  men- 
tioned in  which  pneumonia  of  the  left  lower  lobe  was  succeeded  by  one 
of  the  upper  lobe,  and  a  purulent  plem-isy  followed.  That  the  pneu- 
monic infiltrated  upper  lobe  was  the  principal  cause  of  the  displace- 
ment was  ob^'ious  from  the  fact  that  after  the  pus  was  removed  by 
resection  of  the  ribs,  the  heart  remained  in  its  abnormal  position, 
and  only  after  complete  recovery  of  the  apex  pneumonia  it  regained 
its  normal  position. 

A  soft  systolic  mm-mur  over  the  heart  is  occasionally  heard 
in  pneumonia,  as  it  frequently  is  in  weakness  of  the  heart  from 
other  causes.  Special  or  dangerous  sym.ptoms  are  not  combined 
"udth  it. 

Passler  and  Romberg's  experiments,  which,  they  claim,  show  that 
Pneumococcus,  Bacillus  p^^ocyaneus,  and  Bacillus  diphtheria?,  acting 
on  the  center  in  the  medulla,  produce  the  symptoms  usually  ascribed 
to  cardiac  weakness  by  paralyzing  the  vasomotor  nerves,  are  not 
applicable  to  man.  For  it  is  distinctly  stated,  at  least  with  reference 
to  Bacillus  pyocyaneus  and  Bacillus  diphtheria?,  that  the  experiment 
was  followed  by  slo\\dng  of  the  heart  action,  whereas  in  man,  when 
the  graA-it}^  of  the  pneimionic  process  is  enhanced  by  a  cardiac  com- 
plication, the  latter  is  invariably  characterized  b}'  acceleration  of 
the  heart  action. 

The  occurrence  of  collapse  at  the  onset,  during  the  course,  and 
with  the  termination  of  pneumonia  is  dependent  on  a  more  or  less 
high  grade  of  asthenia  of  the  cardiac  muscle — more  frequently  than 
on  the  above-mentioned  embolic  processes.  At  the  same  time,  I 
think  it  verv  likelv  that  the  nutritional  disturbance  of  the  heart 
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caused  by  the  bacterial  products  of  metabolism  [the  toxemia]  more 
completely  explains  the  occurrence  of  collapse  than  the  view  of  v. 
Jiirgensen.  According  to  him,  in  a  part  of  the  cases,  the  increase  of 
temperature  which  suddenly  occurs  in  connection  with  increased 
resistance  to  the  circulation  (at  the  periphery,  during  the  chill ;  in  the 
lungs  during  the  inflammatory  engorgement)  causes  the  weakness  of 
the  heart;  in  other  cases,  however,  the  lessening  of  the  temperature 
produces  the  collapse  by  lessening  the  temperature  of  the  trunk.  In 
the  latter  cases  he  explains  the  lessening  of  the  temperature — accord- 
ing to  the  view  of  Liebermeister,  that  an  increase  in  the  temperature 
acts  as  an  irritant  upon  the  heart — from  the  circumstance  that  in  a 
sudden  diminution  of  this  anomalous  fever  irritation  the  anatomically 
influenced  heart  during  the  course  of  the  fever  cannot  suddenly  dis- 
pense with  this  irritation  and  reaches  a  lessened  activity  in  keeping 
with  the  outcome  of  this  irritation  which  shows  itself  as  collapse. 
According  to  this,  at  one  time  an  increase  in  temperature,  at  another 
time  a  decrease,  would  cause  analogous  results. 

From  the  instructive  explanation  of  Wunderlich  in  reference  to 
collapse  in  febrile  affections  the  deduction  may  be  drawn  that  in  pneu- 
monia collapse,  which  rarely  occurs  mth  a  high,  even  a  very  high, 
temperature  of  the  trunk,  must  be  differentiated  from  the  collapse  of 
the  critical  defervescence.  In  the  first  case,  despite  the  high  tempera- 
ture of  the  trunk,  the  tip  of  the  nose  or  a  greater  part  of  the  face,  in 
fact,  the  whole  face,  and  the  hands  are  cold  and  limp.  The  color  of 
the  face  is  at  one  time  pale,  somewhat  yellowish;  at  other  times  a  pale, 
livid  red.  The  expression  is  more  or  less  distorted,  the  turgescence  at 
least  partly  lessened ;  the  pulse  is  never  slowed ;  on  the  contrary,  it 
becomes  accelerated,  small,  thready,  and  irregular  during  the  collapse. 
The  respirations  in  many  cases  become  more  difficult,  and  cyanosis 
may  result.  The  functions  of  the  nervous  system  are  not  rarely 
changed  during  collapse ;  haziness,  confusion,  stupor,  unrest,  trembling, 
convulsions,  or  profound  prostration  show  themselves  frequently. 

In  cases  of  this  kind,  which  were  observed  by  me,  the  pulse  was 
always  increased  in  frequency  and  small  in  volume.  Perspiration  did 
not  occur.  The  whole  condition  gave  an  appearance  of  great  gravity. 
If  the  attack  was  severe,  it  began  gradually  and  lasted  from  six  to 
twelve  hours.  In  milder  cases  it  occurred  suddenly  and  disappeared 
rapidly.  Luckily  such  a  collapse  is  rare.  According  to  my  estimate, 
it  shows  itself  in  about  0.5  per  cent,  of  all  cases  of  pneumonia.  A 
serious  outcome  is  usually  prevented  by  taking  the  proper  precautions. 

The  second  form  of  collapse  described  by  Wunderlich  in  pneu- 
monia, the  collapse  occurring  during  the  definite  defervescence,  shows 
itself  in  two  different  ways :  either  it  indicates  the  onset  of  deferves- 
cence, and  this  is  more  rarely  the  case,  or  it  occurs  after  deferves- 
cence has  already  begun.  The  first  may  occur  during  the  night, 
often  during  sleep,  or  now  and  again  may  occur  during  day- 
time. Sensations  of  cold,  cold  perspiration,  difficulty  of  breathing, 
with   confusion  of  ideas  and  incoherent  speech,   show  themselves 
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during  the  fall  of  the  temperature.  As  a  rule,  this  collapse  also  passes 
over  without  (lanf!;(M-  to  life;  but  it  may  last  for  several  days,  with 
increase  of  the  dangerous  symptoms  which  remind  one  of  the  algid 
stage  of  cholera.  Here,  also,  recovery  may  occur  with  decrease  in 
the  respiratory  frequency,  slowing  of  the  pulse,  which  eventually  may 
go  down  to  40  antl  lower,  with  the  onset  of  a  quiet  sleep. 

The  second  form  of  defervescence  collapse  is  more  frequent.  The 
defer^•escence  has  begun  in  a  normal  way.  All  symptoms  of  the  fever 
have  begim  to  disappear  rapidly ;  and  convalescence  has  set  in.  The 
temperature,  however,  does  not  remain  normal,  but  becomes  sub- 
jiormal.  The  patient  has  conspicuously  cold  hands  and  a  cold  nose, 
the  face  has  a  sunken  appearance,  and  he  complains  of  uncom- 
fortable sensations.  Usually  tliis  condition  easily  passes  over,  and 
onh'  under  very  unfavorable  circumstances,  or  if  very  improper 
measures  are  taken,  becomes  serious.  Usually  there  is  an  intense 
laboring,  even  with  a  rapidly  lethal  outcome,  during  the  time  in 
which  defervescence  is  far  advanced  in  complications  in  marked 
alcoholic  cases.  Here  it  may  occur  that  suddenly  and  unexpectedly 
a  collapse  wliich  rapidly  increases,  and  which  brings  the  greatest 
danger  even  after  all  symptoms  have  been  most  favorable  for  some 
hom-s  and  for  some  days,  may  unexpectedly  terminate  in  death.  In 
aged  and  decrepit  individuals,  especially  if  any  further  unfavorable 
occurrence  takes  place  (for  example,  a  sudden  profuse  cUarrhea), 
after  an  advanced  defervescence  a  collapse  of  a  very  high  grade  may 
also  occur,  last  for  some  time,  and  occasionally  even  then,  after  several 
days,  give  rise  to  a  fatal  issue. 

According  to  my  observations,  also,  it  will  be  worth  while  to 
cUfferentiate  the  collapse  w-hich  occurs  at  the  onset  of  pneumonia, 
during  the  coiu-se  of  the  affection,  during  the  stage  of  defervescence, 
and,  fourthly,  that  following  the  crisis.  In  the  sequence  just  men- 
tioned the  severity  and  gra\dty  of  the  condition  increases.  I 
myself  have  luckily  seen  but  two  patients  who,  several  hours  after 
the  crisis,  after  suddenly  sitting  up  in  bed,  have  fallen  over  and  almost 
momentarily,  it  seemed,  died — a  positively  agitating  event  at  a  time 
when  all  danger  is  believed  to  be  over. 

The  blood  itself  also  shows  important  changes  which  have  espe- 
cially been  studied  lately.  Bdckmann  has  determined  that  in  pneu- 
monia, as  in  other  acute  febrile  diseases,  the  number  of  erythrocytes 
is  inversely  proportionate  to  the  degree  of  temperature,  while  the 
number  of  white  blood-cells  is  directly  proportionate  to  the  same ; 
that  is,  that  between  these  two  structural  elements  of  the  blood 
during  the  fever  there  is  a  certain  antagonism,  in  so  far  that  in  an  in- 
crease of  temperature  a  diminution  of  the  red  blood-cells  always 
goes  hand  in  hand  \^dth  an  increase  in  the  white- blood-cells. 

A  considerable  number  of  investigations  are  added  to  this  com- 
munication, of  which,  in  the  works  of  Rieder  and  Tuman,  particular 
reports  are  contained.  Here  wdll  only  be  mentioned  that  v.  Jaksch 
confirmed  the  reports  of  Tuman  in  reference  to  leucocytosis  in  the 
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pneumonias  of  childhood.  According  to  his  observations,  the  pro- 
portion between  the  white  and  red  blood-cells  ranged  from  1  :  40  and 
1  :  60  to  70.  This  symptom  disappeared  mth  the  pneumonia.  Occa- 
sionally this  change  in  the  blood  may  be  a  valuable  help  in  diagnosis. 

[The  leucocytes  were  carefully  studied  by  us  in  48  cases.  In  7 
the  toxemia  was  marked;  the  average  leucocyte  count  was  25,900. 
Six  of  the  seven  died.  One  of  the  cases  terminated  in  abscess,  in 
which  case  the  leucocytes  were  43,800  after  the  crisis.  In  5  cases  the 
toxemia  was  medium.  The  average  leucocyte  count  was  17,320. 
Four  cases  died.  In  36  cases  the  toxemia  was  mild.  The  average 
leucocyte  count  w^as  23,278.     Three  of  the  patients  died. 

Generally  the  leucocyte  count  was  greatest  just  before  the  crisis. 
The  count  showed  a  steady  increase  up  to  the  time  of  crisis,  and  with 
or  after  the  crisis  a  more  or  less  sudden  drop.  It  did  not  fall  with 
the  pseudocrisis,  and  hence  continued  leucocytosis  may  indicate  the 
presence  of  pseudocrisis  and  the  absence  of  true  crisis.  The  highest 
count  was  49,200;  result,  death.  The  highest  of  cases  that  recovered 
was  45,200. 

In  one  of  my  cases  the  crisis  took  place  on  the  seventh  day,  when 
the  leucocytes  were  43,000.  On  the  tenth  day  they  were  15,800.  In 
another  the  leucocyte  count  was  as  follows : 

14,600  on  fourth      dav. 
17,000    "  eighth 

18,600    "  ninth  '       Pseudocrisis. 

18,000    "  tenth  "       Crisis 

6,4.50    "  eleventh    "  —Ed.] 

Lahr  as  well  as  his  predecessors  states  that  the  height  of  the 
temperature  and  the  leucocytosis  go  hand  in  hand,  but  he  could  not 
confirm  the  assumption  of  Bockmann  that  this  was  always  the  case. 
He  further  says  that  before  the  crisis  of  pneumonia  leucocytosis 
decreases,  and  after  this  has  been  complete,  the  blood  returns  to  its 
normal  condition.  If,  however,  the  number  of  white  blood-corpuscles 
upon  the  next  day  again  rises  several  thousand,  one  must  be  prepared, 
in  spite  of  the  continuance  of  the  afebrile  temperature,  to  look  for  a 
new  fever  outbreak  or  some  complication.  [Continuous  absence  of 
hyperleucocytosis,  a  leucopenia,  indicates  gravity,  as  it  is  only  likely 
to  occur  in  malignant  cases. — Ed.] 

Next  to  the  heart  the  nervous  system  is  to  a  marked  degree  con- 
cerned in  the  symptomatology  of  pulmonary  inflammation.  To  the 
most  frequent  phenomena  belongs  the  cephalalgia.  Louis  reports  that 
in  57  cases  it  was  absent  but  8  times.  However,  this  pain  is  rarely 
so  great  that  the  patients  complain  of  it.  It  may,  however,  become 
unbearable  during  the  paroxysms  of  cough.  The  patients  then  fear 
every  attack  of  cough,  endeavor  in  every  wa}^  to  suppress  it,  and  dur- 
ing the  coughing  attack  press  their  temples  with  their  hands  because 
this  produces  some  diminution  in  the  pain. 

Insomnia  or  brief,  restless  sleep  is  not  more  frequent  than  in  other 
febrile  affections,  provided  the  patient  is  not  disturbed  by  coughing. 


CROUPOUS  PNEUMONIA.  475 

This  cough,  however,  in  itself  alone  is  a  frec}uent  cause  of  loss  of 
sleep,  in  spite  of  decided  inclination  on  the  part  of  the  patient. 

The  opposite,  consi^icuous  somnolence,  is  always  a  very  dangerous 
symptom,  and  rarely  occurs  in  cases  that  terminate  in  recovery 
(Wunderlich,  in,  p.  476).  I  have  observed  the  condition  several 
times  in  children,  but  without  the  ominous  significance  mentioned. 

Frequently  in  children  pneumonia  shows  its  onset  \\ath  convul- 
sions. In  the  further  course  of  the  affection  this  symptom  rarely 
arises  again.  Only  in  special  cases,  according  to  v.  Ziemssen's  com- 
munications, do  convulsions  occur  in  children — partly  general,  partly 
local — from  the  onset  to  the  end  of  the  attack. 

Just  so,  conditions  of  coma  which  may  have  a  longer  or  shorter 
duration  occur,  especially  in  children. 

Rilliet  and  Barthez  do  not  think  it  proper  to  class  pneumonias 
to  wliich  brain  symptoms  are  added  as  a  special  variety.  I  entirely 
coincide  with  this  opinion.  Even  if  lately  Waldheim,  in  connection 
with  V.  Ziemssen  and  Thomas,  establishes  a  special  cerebral  form, 
I  do  not  think  it  justified,  either  by  the  questionable  fact  that  in  the 
beginning  or  during  the  entire  course  of  the  affection  pneumonia 
may  be  overlooked,  on  account  of  the  cerebral  symptoms,  or  by  the 
questionable  assumption  that  through  these  symptoms  on  the  part 
of  the  nervous  sj'stem  a  greater  danger  to  life  is  produced. 

Those  cases  of  pneumonia  of  children  in  which  at  the  onset  or  in 
tlie  course  of  the  affection,  vnih  and  mthout  convulsions  or  vomiting, 
a  conspicuous  stiffness  of  the  muscles  of  the  neck  occurs  deserve 
special  mention.  Weber  has  noticed  such  contractions  in  the  pneu- 
monia of  children.  The  mind  was  clear ;  and  automatic  beating  of  the 
forearm  upon  the  bedcovers,  con^^Ilsions  with  slight  remissions, 
occurred  in  these  cases.  He  believes  to  have  aborted  and  removed 
this  affection  several  times  by  means  of  applications  of  cold  to  the 
entire  back  of  the  patient.  I  myself  have  seen  such  a  case  in  a  boy 
aged  four  years.  [I  saw  it  in  an  infant  of  two  years. — Ed. ]  The  phj^si- 
cian  in  attendance  believed  the  affection  to  be  a  severe  meningitis. 
The  disease  began  ^^ith  diarrhea  and  vomiting,  ^^ithout  con^nilsions. 
At  the  examination,  however,  the  contrast  between  the  absence  of 
stupor  and  the  rigidity  of  the  muscles  of  the  neck  was  conspicuous 
to  me.  Also  the  inclination  to  take  nourishment  was  astonishing. 
An  examination  of  the  lungs  showed  a  pneumonia  of  the  right  apex. 
Upon  the  eleventh  day  crisis  occurred,  -^dth  complete  recovery. 

Conspicuous  unrest,  fear,  shrieking  at  the  approach  of  the  physi- 
cian or  the  nurse,  I  have  seen  in  some  few  cases,  not  only,  as  Rilliet 
and  Barthez  have  seen,  in  the  pneumonia  of  children,  but  also  in  other 
affections  occurring  in  childhood ;  for  example,  in  enteric  fever. 

Steiner  is  probabh'  correct  in  not  allowing  a  single  cause  to 
give  rise  for  the  brain  symptoms  in  children ;  he  names :  The  prevalent 
cHsposition  of  the  infantile  brain  in  general  to  suffer  in  sympathy  in 
inflammatory  processes  of  other  organs;  the  hyperemia  of  the  brain 
from  an  increase  in  the  temperature;  the  hyperemia  of  stasis  of  the 
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meninges  in  the  brain;  the  simultaneous  occurrence  of  a  purulent 
otitis;  toxic  action  of  the  blood  upon  the  central  nervous  system; 
results  of  reflex  action;  finally,  a  complicating  meningitis. 

Through  the  influence  of  rays  of  heat  upon  the  head  v.  Jiirgensen 
has  seen  severe  brain  symptoms  which  remind  one  very  much 
of  meningitis.  In  the  case  of  two  school-children  a  walk  in  the 
hot  July  sun  was  the  cause  of  these  phenomena.  He  ascribes 
these  phenomena  with  great  assurance  to  the  influence  of  the  sun's 
heat,  as  he  had  several  times  observed  severe  brain  symptoms  in  the 
course  of  pneumonia  of  children  whose  heads  were  exposed  to  the  rays 
of  heat  emanating  from  a  very  strongly  heated  oven.  After  this 
deleterious  cause  had  been  removed  the  cerebral  symptoms  dis- 
appeared. 

In  adults  the  functional  implication  of  the  nervous  system  shows 
itself  by  the  occurrence  of  delirium.  Most  frequently  they  arise — 
also  according  to  my  experience — ^in  apex  pneumonias,  and  in  such 
cases  are  especially  long  in  duration.  Huss  believes  that  this  symp- 
tom is  not  more  frequent  in  pneumonia  of  the  apex  than  when  the  dis- 
ease is  located  at  the  base.  These  subjective  expressions  are,  however, 
opposed  to  the  results  of  the  investigations  of  Heinze,  which  are 
based  upon  the  reports  of  exact  figures.  Of  317  pneumonias,  98 
showed  severe  symptoms  on  the  part  of  the  nervous  system;  and  of 
these  98,  in  proportion  to  the  seat  of  the  pneumonia,  40.17%  were 
at  the  apex  and  only  25.5%  were  situated  at  the  bases.  Why  there 
should  be  such  severe  nervous  symptoms  in  pneumonia  of  the  apices 
Heinze  also  leaves  undecided;  only  he  declares  it  as  certain — in  con- 
tradiction to  Liebermeister  ^^^ — upon  the  basis  of  his  material  that  the 
disturbances  which  arise  in  the  function  of  the  central  nervous  system 
in  the  course  of  pneumonia  do  not  depend  alone  upon  the  rise  in 
temperature ;  in  fact,  that  in  very  many  cases  there  is  absolutely  no 
connection  between  them. 

[We  have  seen  apex  pneumonias  admitted  to  insane  hospitals  for 
acute  mania  and  acute  mania  believed  to  be  apex  pneumonia.  One 
patient  escaped  from  the  nurse  and  ran  in  terror  from  delusions,  a 
mile  from  his  home. — Ed.] 

Naunyn  also  is  opposed  to  the  opinion  that  the  disturbances  of 
the  cerebral  function  which  occur  in  so  many  febrile  affections,  espe- 
cially those  of  the  typhoid  character,  and  which  in  these  play  such  an 
important  part,  are  due  to  an  especial  rise  in  temperature.  The 
absence  of  these  symptoms  in  relapsing  fever  proves  the  opposite  of 
this  view;  also  in  the  various  febrile  infectious  diseases  it  is  not  un- 
usual for  the  severest  cerebral  symptoms — for  example,  coma — to 
show  themselves,  whereas  the  temperature  of  the  body  may  be  only 
slightly  raised,  normal,  or  subnormal.  Such  conditions  occur  in  scar- 
latina, variola,  diphtheria,  and  pneumonia. 

Further,  it  must  be  mentioned  that  chronic  alcoholism  is  fre- 
quently the  cause  of  delirium,  which  may  occur  and  last  during  the 
entire  duration  of  the  affection.     This  delirium  may  be  looked  upon 
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as  a  prodromal  Rtaf2;o  of  doliriuin  trcnicns,  tho  condition  not  coming 
to  the  full  point  of  development,  liuss  estimates  the  occurrence  of 
this  form  of  delirium  in  10%  to  12%  of  all  cases.  This  estimate, 
ho\vev(>r,  cannot  claim  to  be  generally  correct,  as  this  symptom 
depends  on  the  general  spread  and  use  of  alcohol.  I  at  least  have 
not  noted  delirium  with  such  frequency. 

Formerly,  untler  the  treatment  of  pneumonia  by  venesection, 
delirium  was  noted  much  more  frequently.  One  is  therefore  not  sur- 
prisetl  if  in  drunkards,  after  \'enesection,  se\'ere  forms  of  delirium 
arise  which  may  lead  to  conditions  of  maniacal  delirium;  as  was 
actually  the  case  in  the  observations  of  Lutz. 

In  a  manner  similar  to  the  occurrence  of  delirium  in  the  case  of 
drunkards  and  after  venesection,  the  form  of  delirium  arising  at  the 
time  of  crisis  or  in  connection  wdth  it  must  be  referred  to  a  condition 
of  the  ner\'ous  system  wliich  can  be  explained  upon  the  basis  of  ex- 
haustion. Rilliet  and  Barthez  have  occasionally  noted  very  severe 
forms  of  delirium  in  children  of  from  seven  to  ten  yesivs  of  age  during 
the  period  of  resolution;  that  is,  between  the  seventh  and  tenth  days. 
I  myself  have  repeatedly  noted,  in  adults  whose  nervous  system 
during  the  attack  did  not  show  special  implication,  severe  delirium 
after  the  crisis,  and  continuing  for  several  days,  wdth  the  entire 
absence  of  fever.  The  favorable  action  of  the  preparations  of  iron 
W'Ould  substantiate  m}^  opinion  that  these  forms  of  delirium  were  due 
to  an  exhaustion  of  the  brain. 

[Post-critical  delirium  or  confusion,  post-pyrexial  delirium,  has 
been  frequentl}^  described:  following  the  crisis,  which  may  or 
maj"  not  have  been  associated  wdth  very  marked  temperature  drop, 
in  a  varying  time,  sometimes  at  once,  sometimes  in  say  three  to  six 
days,  a  true  delirium  ferox  may  develop  without  any  temperatiu-e 
increase;  the  delirium  ma}^  last  twelve  to  fom"teen  days  and  leave  a 
mental  unbalancing  wliich  may  take  some  wrecks  to  set  right.  A 
mild  confusional  delirium  is  at  times  seen,  lasting  but  a  few  days  and 
readil}^  clearing  up.  In  neither  form  is  an  antecedent  alcohoUc 
history  to  be  expected.  Whether  due  to  excessive  formation  of 
"antitoxins"  or  the  reaction,  whatever  it  may  be,  w^hich  causes 
crisis,  or  to  absorption  of  exudate,  cannot  be  easih'^  determined. 
(An  article  by  Broadbent  on  delirium  follo^^ing  a  rapid  absorption  of 
exudate,  thirty-six  hours.)  Similar  insanities  occur  in  other  diseases 
(post-typhoidal).  The  majority  of  instances  are  in  acute  sthenic 
cases  in  which  a  decided  crisis  has  occurred,  and  in  w'hich  during  the 
febrile  period  the  mind  has  been  decidedh'  clear. 

Three  cases  have  come  under  my  observation  recently: 

1.  Adult,  aged  thirty-five,  non-alcoholic.  Right  apex.  Crisis, 
seven  to  eight  days.  Tenth  day  wildly  delirious,  clearing  up  in 
four  or  five  days.  Afebrile.  Leucocytes  dropped  with  crisis.  Per- 
fectly clear  in  mind  dm-ing  febrile  part  of  illness.  Resolution  pro- 
ceeded normally.     Pulse  good;  no  collapse. 

2.  Adult,  male,  aged  seventy-tw^o.    Twenty-four  hours  after  crisis 
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violent  delirium,  with  confusion  and  hallucinations.  Continued  one 
week.     Sleepless.     Hyoscin  hydrobromate  was  of  service. 

3.  Child,  seven  years.  Right  base.  Crisis,  six  to  seven  days. 
Seventh,  eighth,  and  ninth  days  slept  continuously;  quite  irrational 
when  roused;  not  violent,  merely  confused.  Crisis,  marked  drop  of 
7  to  8  degrees  in  temperature;  leucocytes  dropped  with  temperature. 
Resolution  normal  and  complete.  Profuse  perspiration  and  shght 
symptoms  of  collapse  during  crisis. — Ed.] 

Hallucinations  are  more  frequent  than  is  generally  believed.  In 
an  attack  of  mania  with  delusions  of  persecution  combined  with 
hallucinations,  a  man  of  thirty-eight  who  was  suffering  from  pneu- 
monia, and  who  up  to  that  time  had  been  quite  rational,  suddenly 
sprang  out  of  bed,  grabbed  his  night-table,  and  threw  himself, 
thrusting  the  table  before  him,  out  of  the  second  story  of  the  ward 
through  the  window,  which  scarcely  had  a  diameter  larger  than  the 
table,  smashing  the  entire  window-frame.  The  nurse  was  scarcely 
ten  feet  distant,  and  almost  before  the  nurse  could  move,  the  patient, 
in  the  sight  of  20  other  patients  in  the  ward,  had  carried  out  the  act. 
Incidentally  it  may  be  mentioned  that  the  impression  of  this  act  was 
so  terrible  that  the  nurse  declared  himself  incapable  of  attending  to 
his  duties  any  longer,  and  gave  up  his  occupation. 

To  the  province  of  symptomatic  disturbances  of  the  central  ner- 
vous system,  it  appears  to  me  there  belong  the  hemiplegias  which  arise 
in  the  course  of  pneumonia.  Stephan*  has  collected  a  list  of  his 
own  cases  as  well  as  a  list  of  those  from  other  authors,  and  has 
endeavored  to  explain  their  causation.  He  first  quotes  the  explana- 
tion of  Lepine,  which  supposes  that  pneumonic  hemiplegia  occurs 
only  in  the  aged,  from  which  it  follows  that  an  atheromatous  con- 
dition of  the  blood-vessels  is  the  actual  cause  of  the  paralysis.  Under 
normal  conditions  the  circulation  of  the  brain  is  sufficient  for  its 
nutrition,  especially  as  there  is  often  a  compensatory  hypertrophy 
of  the  left  ventricle  which  markedly  assists  the  circulation;  as  soon, 
however,  as  a  disturbing  element  (a  pneumonia)  occurs,  the  force 
of  the  circulation  is  not  sufficient  to  allow  the  brain  to  perform  its 
normal  functions. 

According  to  this,  the  aged  are  predisposed  to  apoplexy ;  a  trivial 
cause,  a  reflex  irritation  of  the  brain, — which  may  be  produced 
experimentally  in  animals  by  irritation  of  the  pulmonary  substance, 
— ^is  sufficient  to  favor  the  occurrence  of  hemiplegia ;  there  is  a  paraly- 
sis, due  to  ischemia  of  the  nervous  tissue,  which  may  be  produced  bj^ 
atheroma  of  the  cerebral  vessels,  and  a  reflex  action  having  its  origin 
from  the  diseased  lung. 

Stephan  does  not  coincide  with  this  explanation,  because  the 

*  The  second  case  described  by  Stephan  occurred  in  a  child  aged  two,  who 
succumbed  to  the  affection.  The  frequent  attacks  of  vomiting,  the  contractures 
which  occurred  in  the  further  course  of  the  malady,  the  ptosis  and  mj^driasis  of  the 
right  eye,  the  subsequent  paralysis,  the  Cheyne-Stokes  respiration,  and  the  absence 
of  a  postmortem,  make  it  impossible  to  decide  whether  or  not  a  meningitis  was 
present,  and  to  say  whether  this  case  was  identical  with  the  one  observed  by  me. 
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orip;in  of  pneumonic  hcniij)l('si:is  in  adults  whoso  corobral  vossols  are 
not  atlieroniatous  would  not  be  explained.  Such  cases  have  been 
observed  by  liini  as  well  as  by  Macario.  He  assumes  that,  similarly  to 
lu-enne  hemipl(^f;ia,  those  cases  of  pneumonic  ])aralysis  arise  in  which 
the  brain  and  tlu>  menini2;es  show  no  anatomic  changes,  the  pneu- 
monia being  produced  by  toxic  substances  perhaps  belonging  to  the 
ptomains  which  are  the  cause  of  the  paralysis,  and  that  they,  by 
means  of  reflex  action,  give  rise  to  an  ischemia  of  the  opposite  cortical 
centers.  The  atheroma,  the  fever,  the  deficient  nutrition,  a  certain 
condition  of  cardiac  weakness,  may  occur  in  the  pneumonic  infection, 
and  must  be  looked  upon  as  conditions  favoring  such  paralysis. 

My  own  observations,  occurring  in  two  children  aged  one  and 
three-quarters,  and  two  and  a  half  years  respecti^^ely,  allow  me  above 
everything  to  exclude  a  meningitis.  The  assumption  of  such  a  con- 
dition is  impossible,  as  there  was  not  a  single  characteristic  symptom. 
Against  this  diagnosis  was  the  absence  of  vomiting,  of  rigidity  of 
the  muscles  of  the  neck,  and  especially  the  complete  restitutio  ad 
integrum  which  occurred,  in  the  second  case  after  a  few  hours,  and 
in  the  first  case  after  fourteen  days.  Therefore  in  these  cases,  as  in 
cases  occurring  in  adults  in  w^hich  there  is  no  anatomic  lesion  of  the 
brain  or  of  its  membranes,  and  in  which  none  such  can  be  assumed, 
another  explanation  must  be  sought  for. 

The  occurrence  of  pneumonic  hemiplegia  in  children,  which  I 
have  observed,  is  against  the  possibility  that  in  adults  an  atheroma 
of  the  vessel  is  of  especial  or  principal  importance.  Only  as  an -ad- 
junct it  should  not  be  undervalued.  The  rapid  recovery  proves 
that  a  severe  lesion,  perhaps  a  hemorrhage  or  an  encephalitic  area, 
may  have  been  the  cause ;  it  is  then  very  obvious  to  assume,  as  Stephan 
does,  that  a  disturbance  in  the  circulation  is  at  fault  in  this  process. 

But  this  explanation  is  not  sufficient  to  make  one  understand 
the  partial  affection  of  one-half  of  the  cerebrum.  I  tried  to  prove 
at  the  place  referred  to  that  in  the  same  w^ay  as  in  m-emia  a 
partial  edema  of  the  cerebral  substance  in  consequence  of  the 
changed  constitution  of  the  blood  must  be  taken  to  be  the  cause  of 
the  hemiplegia.  From  this  the  fact  explains  itself  as  well  as  the 
favorable  conditions  for  the  restitutio  ad  integrum.  In  both  cases 
rapid  recovery  took  place. 

If  the  occurrence  of  such  hemiplegias  in  children  is  exceedingly 
rare,  this  may  be  explained  by  several  circumstances.  In  the  first 
place,  one  must  assume  a  special  disposition  or  feebleness  on  the  part 
,  of  the  organ  wdiich  suffers  the  complication,  and  this  need  not  neces- 
sarily occur  frequently.  Furthermore,  it  seems  to  me  that  the  seat  of 
the  pneumonia  is  not  entirely  without  importance.  In  my  cases  the 
upper  lobes  were  affected.  If  such  pneumonias  which  are  seated  in  the 
upper  lobes  are  easih'-  complicated  with  cerebral  irritation  in  adults, 
this  is  the  case  in  a  much  higher  degree  in  children,  but  in  these  the 
irritations  in  the  majority  of  cases  occur  in  the  motor  areas.  If  we 
look  into  the  causes  which  give  rise  to  the  frequent  occurrence  of 
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cerebral  irritations  in  upper  lobe  pneumonia,  they  need  be  explained 
in  such  a  way  that  in  these  pneumonias  the  influence  of  the 
negative  inspiratory  pressure  in  the  mediastinum  is  most  reduced, 
therefore  the  reflux  of  the  blood  from  the  cerebrum  to  the  heart  is 
rendered  more  difficult.  This  difficulty,  however,  of  the  venous 
reflux  from  cerebrum  to  heart  is  found  to  favor  extremely  the 
secretion  of  serum  from  the  arterial  vessels  or  capillaries  into 
the  cerebral  substance,  principally  in  children.  But  it  seems  to  me 
that  the  occurrence  of  apex  pneumonias  in  children  is  comparatively 
more  rare  than  that  of  the  lower  lobe,  a  fact  which  may  confirm  the 
less  frequent  occurrence  of  such  hemiplegias  in  children.  Finally, 
it  is  also  possible  that  hemiplegias  in  children  which  occur  in  con- 
nection with  apex  pneumonia  take  so  much  predominance  that  pneu- 
monias are  overlooked  in  consequence,  especially  as  the  percutory 
and  auscultatory  signs  in  apex  pneumonia  are  not  absolutely  charac- 
teristic, and  pneumonic  sputum  is  not  produced — another  reason  for 
the  rare  observation  of  pneumonic  hemiplegia  in  children. 

In  connection  wdth  the  phenomena  on  the  part  of  the  nervous 
system  epistaxis  must  be  mentioned.  It  occurs  frequently,  is  inde- 
pendent of  the  height  of  the  fever,  and  of  importance  only  when  it 
occurs  in  the  aged,  in  whom  one  must  fear  that  the  vessel-walls  have 
become  brittle,  and  the  bleecUng  will  be  difficult  to  control.  In  such 
cases  I  have  had  to  use  a  tampon  in  the  nose. 

Formerly  great  attention  was  paid,  in  both  a  diagnostic  and  a 
prognostic  sense,  to  the  condition  of  the  urine.  The  importance  of 
the  changes  in  the  urine,  however,  in  the  course  of  time  has  shown 
this  to  be  unfounded.  Only  as  regards  the  changes  of  metabolism  of 
the  body  is-  the  examination  of  the  urine  in  pneumonia  of  value. 

The  quantity  of  urine  during  the  fever  is  diminished,  reaching  or 
exceeding  the  normal  after  the  crisis.  The  specific  gravity  is  in- 
creased. The  color  of  the  urine  is  darker  than  normal;  it  is  "high- 
colored."    The  reaction,  as  a  rule,  is  markedly  acid. 

Exact  investigations  have  been  undertaken  in  regard  to  the  be- 
havior of  urea.  The  results  are  unanimous  as  regards  pneumonia  in 
individual  cases,  that  during  the  febrile  period  more  urea  is  excreted 
than  in  the  early  period  of  convalescence,  even  after  the  organism  has 
returned  to  its  normal  condition,  by  administering  the  orcUnary  foods 
and  in  the  same  quantities.  Further,  in  many  cases  it  has  been 
shown  that,  with  the  onset  of  resolution  of  the  pneumonia,  the  excre- 
tion of  urea  steadily  increases  compared  ^\dth  the  previous  days 
(Huppert,  page  17). 

Scheube  gives  several  reasons  for  this  epicritical  increase  of  the 
excretion  of  urea:  First,  it  is  not  unreasonable  to  believe  that  even 
after  the  defervescence  the  disintegration  of  albumin  and,  therefore, 
the  excretion  of  urea  for  some  time  continue  to  increase.  Secondly, 
the  diuresis  which  sets  in  at  the  time  of  defervescence  probably  plays 
a  part  in  the  post-febrile  increase  in  the  urine,  in  that  during  the 
fever,  as  a  result  of  the  diminished  secretion  of  urine,  a  part  of  the 
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formed  urea  is  retained  in  the  body.  According  to  A'ogel's  investiga- 
tions, it  is  certain  that  the  amount  of  urea  increases  and  diminishes  in 
direct  proportion  to  the  secretion  of  urine.  Thirdly,  one  must  assume 
that  with  the  resorption  of  the  exu(hite  in  the  lungs  a  certain 
quantity  of  nitrogenous  substance  which  has  been  kept  out  of  the 
circuhition  is  returned  to  the  blood  and  now  is  subject  to  oxidation. 

The  latter  contlition  is  probably  the  most  important  circumstance 
in  the  increase  of  the  epicritical  excretion  of  nitrogen.  If  regard  be 
paid  to  the  previously  mentioned  (p.  387)  mass  of  material  contained 
in  the  alveoli,  and  the  small  amount  of  expectorated  material  as  com- 
pared with  it,  one  is  forced  to  the  conclusion  that  in  a  xery  short 
time  an  extraordinarily  large  amount  of  nitrogenous  substance  is 
returned  to  the  circulation  and  undergoes  oxidation. 

The  action  of  the  urates,  or,  in  other  words,  of  uric  acid,  in  pneu- 
monia, has  always  been  subject  to  special  investigation;  especially  at 
the  time  of  crisis  the  urine,  after  it  has  become  cold,  precipitates  a  copi- 
ous sediment  of  urates,  either  spontaneously  or  after  the  addition  of 
a  few  drops  of  acetic  acid.  This  led  to  the  error,  which  still  exists 
largely  among  practitioners  to-day,  that  the  presence  of  a  sediment 
of  urates  or  crystals  of  uric  acid  in  the  urine,  after  it  has  cooled,  is  a 
sign  of  a  plentiful  amount  of  uric  acid.  But  neither  a  sediment  of 
m-ates  in  the  urine  nor  the  spontaneous  separation  of  crystalline  uric 
acid  from  clear  urine  proves  a  plentiful  amount  of  these  products 
(Bartels^^),  although  Scheube  thinks  he  has  proved  that  in  pneu- 
monia, if  the  averages  of  several  days,  ^\'ith  the  increase  in  the  dis- 
integration of  albumin,  are  taken,  the  proportion  between  urea  and 
uric  acid  decreases  in  favor  of  the  latter.  This  author  also  emphasizes, 
in  keeping  ^^ith  Bartels,  that  the  separation  of  uric  acid  depends 
chiefly  on  the  degree  of  acidity  of  the  urine.  According  to  Franz 
Hoffmann's  method,  he  determined  in  the  cases  investigated  by  him 
that,  for  example,  a  urine  100  c.c.  of  which  contained  113  mg.  of  uric 
acid  and  182  mg.  of  acid  presented  the  most  favorable  conditions 
for  the  production  of  sediment,  whereas  in  another  urine,  ^nth 
122  mg.  mic  acid,  and  a  total  acidity  of  only  53  mg.,  no  urate  sediment 
was  deposited.  One  could  therefore  artificially,  through  the  intro- 
duction of  phosphoric  acid,  produce  urate  sediments,  whereas,  on  the 
other  hand,  through  the  taking  of  alkali  the  production  of  the  same 
was  decreased.  If,  however,  the  days  upon  which  the  defervescence 
occins  are  especially  characterized  by  a  urine  which  deposits  sediment, 
this  finds  its  explanation  in  the  fact  that  the  disintegration  of  albumin, 
and,  therefore,  also  the  excretion  of  uric  acid,  increase  with  the  onset 
of  the  fever.  The  conditions  for  the  production  of  sediment,  there- 
fore, are  more  favorable  upon  the  day  of  defervescence  than  upon 
the  days  preceding  this  event.  Upon  the  day  after  the  crisis  the  uric 
acid  excretion  is  still  more  increased,  but  through  the  taking  of  foods 
and  drinks  of  an  alkaline  reaction,  the  degree  of  acidity  of  the  urine 
is  lessened.  After  the  defervescence,  therefore,  just  as  before,  there 
is  less  frequently  the  production  of  sediments  or  urates,  as  upon  the 

31 
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day  of  the  crisis  itself,  at  which  time  a  high  degree  of  albuminous 
change,  without  the  use  of  food  and  alkaline  salts,  occurs. 

The  excretion  of  sodium  chlorid  in  the  urine  in  the  course  of 
pneumonia  may  fall  to  zero  (Redtenbacher) .  This  occurs  here  just 
as  in  all  other  acute  febrile  diseases.  The  cause  of  this  very  dimin- 
ished excretion  of  chlorin  is  largely  due  to  lack  of  appetite  and  to  the 
nature  of  the  diet  of  such  patients,  from  which  salt  is  practically 
eliminated.  Also  the  decrease  in  the  amount  of  urine  on  which  this 
excretion  is  somewhat  dependent  decreases  the  amount  of  the  chlorin 
combinations  which  are  excreted  (Neubauer  and  Vogel,  p.  320). 

Beale  comes  to  the  conclusion,  upon  the  fact  that  pneumonia 
sputa  contain  a  larger  amount  of  fixed  chlorids  than  the  normal  pul- 
monary mucus,  that  the  decrease  of  chlorids  in  the  urine  during  the 
stage  of  hepatization  is  due  to  the  increase  of  these  salts  in  the  lung, 
whereas  in  the  stage  of  resolution  it  is  taken  up  and  reappears  in  the 
urine.  Traube  declares  this  explanation  is  insufficient.  Three  facts 
are  opposed  to  it.  In  the  first  place,  such  a  decrease  in  chlorids  also 
occurs  in  other  febrile  affections,  which  run  their  course  without 
marked  exudation.  Further,  the  amount  of  chlorids  in  the  urine  in 
pneumonia  bears  no  relation  to  the  size  of  the  exudation.  In  cir- 
cumscribed hepatization  one  finds  frequently  larger  amounts  of  chlorin 
than  in  large  infiltrates;  and,  thirdly,  one  finds  occasionally  in  the 
stage  of  convalescence  of  pneumonia,  while  the  exudate  is  in  the 
stage  of  resolution,  that  the  amount  of  chlorin  is  just  as  small  as  it 
was  at  the  acme  of  the  affection.  This  phenomenon,  therefore,  cannot 
possibly  have  anything  in  common  with  the  exudation.  The  more 
likely,  therefore,  is  the  fact  that  this  change  is  connected  with  certain 
changes  in  the  digestive  apparatus,  which  may  accompany  pneumonia 
just  as  they  do  other  febrile  affections,  and  may  produce,  as  a  result,  a 
diminished  absorbing  power  of  the  gastro-intestinal  mucous  mem- 
brane. The  condition  of  the  convalescent  patients  referred  to  seems 
to  substantiate  this  opinion.  They  took  food  containing  clilorid  of 
sodium  in  comparatively  large  amounts,  but  the  heavy  coating  of  the 
tongue  and  other  gastric  phenomena  seemed  to  point  to  the  fact  that 
the  digestive  apparatus  did  not  as  yet  functionate  normally.  The 
idea  of  making  use  of  the  amount  of  chlorin  contained  in  the  urine 
in  a  prognostic  sense,  that  the  prognosis  was  the  more  favorable,  the 
more  chlorin  was  contained  in  the  urine,  is  valueless.  It  is  said  that 
in  a  case  of  a  pneumonia  just  before  death  the  urine  contained  an 
unusually  large  amount  of  chlorids. 

Rohmann  has  investigated  this  question  most  thoroughly.  Upon 
the  basis  of  exact  weighing  of  the  food  containing  sodium  chlorid 
in  cases  of  pneumonia  and  the  amount  excreted  in  the  feces  and 
urine,  he  arrived  at  the  result  that  the  chlorids  taken  in  as  food  were 
almost  completely  taken  up  by  the  bowel;  that,  according  to  tliis, 
a  deficient  absorption  was  not  the  cause  of  the  disappearance  of  the 
chlorid  of  sodium  in  the  urine ;  that,  moreover,  a  retention  of  the  same 
takes  place  in  the  body,  which  is  the  result  of  the  general  metabolic 
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changes  of  fe\'er,  in  pneumonia  as  well  as  in  other  febrile  affec- 
tions. Here  a  more  or  less  large  part  of  the  tissue  is  disintegrated. 
Albumin  of  the  tissues  is  taken  up  in  the  circulation.  Of  these,  only 
a  part  is  immediatel}'  transformed  to  its  final  products;  the  remainder, 
as  the  character  of  the  excretion  of  nitrogen  shows,  during  and  after 
the  defervescence,  is  retained  in  the  body.  In  the  plasma  it  com- 
bines with  chlorid  of  sodium,  prevents  its  excretion,  and  in  this 
way  produces  the  cUminution  of  chlorids  in  the  urine.  Only  if  during 
and  after  the  crisis  the  amounts  of  albumin  retained  are  decomposed, 
and  their  nitrogen  \\ith  the  critical  or  epicritical  excretion  of  urine 
leaves  the  body,  then  the  chlorid  of  sodium  becomes  free  and  leaves 
the  organism  in  the  same  amounts  in  which  it  was  formerly  retained. 
With  this  view  as  a  basis,  it  is  easy  to  explain  why  in  some  subacute 
febrile  affections  occasionally  no  retention  occurs.  Here  in  a  long- 
continued  fever  a  period  must  arrive  in  which  the  plasma  has  attained 
its  maximum,  in  which  it  may  take  up  albuminous  substances,  in 
which,  therefore,  no  more  chlorid  of  sodiiun  can  be  used  in  combina- 
tion; the  retention  cUsappears  and  just  as  much  chlorid  of  sodium  is 
excreted  by  the  kidney  as  is  taken  up  ^^dth  the. food. 

[Hutchinson  has  studied  chlorid  metabolism  in  pneumonia.  During 
acute  lobar  pneumonia  the  chlorids  in  the  urine  are  greatly  diminished, 
and  may  disappear  altogether.  Experiments  in  metabolism  show  that 
this  diminution  is  due  to  retention,  but  the  retention  is  not  due  to 
any  lack  of  excreting  power,  since  it  does  not  occur  in  acute  nephritis. 
The  retention,  the  average  amoimt  being  29  gm.,  persists  until  a  day 
or  two  after  the  crisis,  when  excessive  secretion  takes  place.  The 
degree  of  retention  or  diminution  of  chlorids  in  the  urine  bears  no 
direct  relation  to  the  degree  of  pyrexia  or  the  area  of  lung  tissue  in- 
volved, or  to  the  presence  or  degree  of  albuminuria.  Other  sohd 
constituents  of  the  urine  are  not  diminished  in  pneiunonia. 

The  amoimt  of  chlorids  excreted  in  the  saliva  in  pneumonia  is 
relatively  large,  but  the  daily  amoimt  is  absolutely  small. 

Diminution  oi  the  chlorids  in  the  urine  occurs  in  other  diseases 
as  well  as  in  pneumonia,  and  the  sign  is  therefore  not  to  be  regarded 
as  pathognomonic;  but  it  does  occur  most  constantly  and  to  the 
greatest  extent  in  pneumonia,  and  is  therefore  of  distinct  diagnostic 
value,  especialh'  in  relation  to  other  diseases  of  the  lungs. 

The  quantity  of  chlorids  contained  in  the  exudate  is  not  sufficient 
to  accoimt  for  more  than  one-third  or  one-half  of  the  total  amount 
retained  during  the  com'se  of  a  pneumonia. 

The  chlorids  in  the  blood  are  diminished  in  pneumonia.  They 
do  not,  however,  accumulate  in  any  particular  organ,  since  all  the 
tissues  contain  a  higher  percentage  than  under  normal  conditions. 
Hutchinson  believes  that  this  passage  of  chlorids  from  the  blood 
into  the  fixed  tissues  is  due  to  primary  exudation  of  water. — Ed.] 

The  amount  of  sulphuric  acid  in  the  urine  is  decreased  in  inflam- 
mations of  the  lung.  Phosphoric  acid,  however,  at  the  acme  of  the 
disease  is  increased. 
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Peptonuria,  which,  according  to  the  method  of  Hoffmeister,  can 
be  determined  positively,  has  been  demonstrated  in  the  greatest  pro- 
portion of  the  cases  by  Meixner,  v.  Jaksch,  Pacanowski,  and  Midler. 
The  appearance  of  peptone  is  connected  with  processes  which  have 
to  do  with  the  resorption  of  purulent  exudates,  or  at  least  with  exu- 
dates which  are  rich  in  cells ;  in  pneumonia  a  sign  that  the  pneumonic 
infiltrate  is  being  absorbed  (v.  Jaksch,  p.  431).  These  findings  are 
not  of  especial  clinical  import,  any  more  than  the  diazo  reaction,  which 
occurs  in  pneumonia,  as  well  as  in  enteric  fever,  in  phthisis,  in  measles, 
and  in  septic  affections. 

The  digestive  organs  show  their  part  in  the  affection,  as  in  all 
febrile  affections  in  which  neither  the  stomach  nor  the  bowels  are 
the  seat  of  the  disease.  Vomiting,  which  is  especially  frequent  in 
children,  occurring  at  the  onset  of  the  disease,  is  without  doubt  of 
cerebral  origin,  due  to  an  irritation  of  the  vagus.  Rarely  does  vomit- 
ing in  pneumonia  continue  beyond  the  first  few  days.  Grisolle  has 
seen  this  symptom  last  for  four  days. 

Another  cause  of  vomiting  is  due  to  severe  paroxysms  of  coughing 
and  the  suffocative  sensation  combined  with  it.  A  previously  present 
pharyngitis,  especially  in  alcoholics,  aggravates  the  condition.  If 
this  latter  conclition  can  be  excluded,  the  occurrence  of  vomiting  in 
the  course  of  the  disease  points  to  the  possibility  of  a  severe  com- 
plication. 

The  tongue  is  coated,  and  almost  during  the  entire  course  of  the 
affection  anorexia  is  present.  The  taking  of  large  amounts  of  liquid 
nourishment  is  nevertheless  possible. 

The  act  of  swallowing  frequently  gives  rise  to  tormenting  par- 
oxysms of  cough,  and  sometimes  even  a  disturbing  thirst  is  not 
quieted  because  the  patient  fears  cough.  "It  has  occurred  that  it 
has  been  necessary  to  give  a  patient  an  injection  of  morphin  in  the 
region  of  the  larynx  (!)  to  quiet  the  irritation  of  coughing,  and  to 
force  him  to  take  a  tablespoonful  of  an  active  and  necessary  medi- 
cine "  (v.  Jiirgensen,  p.  94). 

The  bowels  are  constipated  in  a  majority  of  the  cases,  or  else  they 
are  normal.  Very  rarely  is  diarrhea  present,  the  latter  perhaps  as  a 
result  of  the  too  great  taking  of  fluids.  [In  some  years  colitis  has 
prevailed  to  an  unusual  degree,  at  other  times  it  occurs  less  fre- 
quently, but  it  is  always  a  possibility  and  may  become  an  alarm- 
ing complication,  giving  rise  to  tympanites  and  causing  exhaus- 
tion. 

Abdominal  jpain  may  occur  in  pneumonia.  The  upper  quadrants 
are  usually  the  seat  of  pain  if  it  occurs,  although  it  may  occur  in  the 
lower  quadrants.  The  pain  may  be  excruciating  and  simulate  that 
of  peritonitis,  appendicitis,  and  gall-stones.  I  have  seen  cases  about 
to  be  operated  on  for  appendicitis  turn  out  to  be  pneumonia.  Espe- 
cially is  this  liable  in  children,  in  whom  vomiting  also  takes  place 
frequently. — Ed.] 

Liebermeister  found  the  spleen,  in  contradiction  to  most  authors, 


CROUPOUS  PNEUMONIA.  485 

as  a  rule  enlarojod;  occasionally  even  markedly  enlarged.  The  skin 
shows  few,  but  noteworthy  al)nornialities.  With  the  on.set  of  the 
affection  cyanosu  may  occur,  as  has  already  been  mentioned.  It  is, 
however,  rarely  marked;  neither  need  it  be  looked  upon  as  serious  if 
there  be  no  symptoms  of  edema  of  the  lungs.  In  the  further  course  of 
the  affection  a  combination  of  both  symptoms  may  occur,  and  in- 
fluence the  prognosis  very  unfavorably. 

A  frequent  symptom  is  the  occurrence  of  herpes.  Among  421 
cases  of  pneumonia,  according  to  Geisler,  182  times  herpes  was  noted; 
therefore  in  43.2%  of  all  these  cases.  In  reference  to  the  time  of  the 
appearance  of  this  s}'m])tom,  the  same  author  shows  that  herpes  occurs 
most  frequently  upon  the  third  day  of  the  disease,  next  upon  the 
fourth,  then  follows  the  second,  especially  its  second  half,  and  then 
the  fifth  da}^  of  the  disease.  Within  three  days  of  the  second  day  of 
the  disease,  the  majority  of  cases  of  herpes  therefore  make  their 
appearance.  Occasionally  resolution  in  pneumonia  is  ushered  in  by 
the  appearance  of  herpes  (Grisolle). 

As  a  curiosity  I  must  mention  an  observation  I  made  on  my  col- 
league S.,  whom  I  met  upon  the  street,  and  in  whom  I  noticed  the 
appearance  of  herpes  upon  his  upper  lip,  and  asked  where  was  the 
pneumonia  that  belonged  to  this  condition.  Two  days  later  he  was 
affected  by  a  very  severe  pneumonia,  from  which  he  recovered. 

The  locality  of  herpes  is  usually  in  the  neighborhood  of  the  mouth 
and  the  nose;  usually  at  the  point  at  which  the  mucous  membrane 
joins  the  skin.  It  may,  how^ever,  occur  in  other  places.  Thomas 
saw  an  eruption  of  herpes  3  cm.  from  the  anus ;  50  to  60  vesicles 
covered  a  round  space  about  the  size  of  a  dollar.  [Herpes  of  the 
nose,  lips,  chin,  and  ears  occurred  in  one,  and  of  the  nose,  lips, 
chin,  and  legs  in  another,  of  26  cases  in  which  I  saw  it. — Ed.] 

Perspiration  may  occur  during  the  entire  course  of  pneumonia 
(Grisolle,  Traube).  In  children,  whose  skin,  as  a  rule,  is  hot  and  dry, 
occasional!}^  at  the  height  of  the  fever  a  profuse  perspiration  is  noted. 
One  may  note  that  if  the  children  fear  the  examination  of  the  physi- 
cian and  become  excited,  especially  if  they  markedly  resist,  perspira- 
tion easily  occurs  (Baginsky).  With  the  defervescence  and  the 
occurrence  of  the  crisis,  however,  perspiration  is  especially  frequent 
— most  frequent  in  youthful  individuals  and  in  an  uncomplicated 
case.  The  amount  of  secretion  of  the  sweat-glands  may  occa- 
sionally be  so  great  that  body  and  bed-linen  are  completely  wet 
through. 

As  a  result  of  such  severe  sweating  marked  sudamina,  in  the  form 
of  miliaria  rubra  and  alba,  may  occur. 

Profuse  perspiration  maj^  also  occur  before  or  at  the  beginning  of 
the  agonal  period.  The  skin,  however,  is  then  cool,  cyanotic,  the 
temperature  nearly  alwa3'S  very  high,  the  pulse  small  and  frequent, 
and  the  brain  clouded. 

Wunderlich  has  made  some  observations  in  reference  to  attitude 
in  pneumonia  patients.     They  usually  lie  quietly  upon  their  backs. 
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The  position  upon  the  side  is  uncomfortable ;  upon  the  sound  side  it 
is  more  uncomfortable  than  upon  the  diseased  side.  In  the  case  of 
severe  pain  they  never  attempt  to  lie  upon  the  diseased  side.  The 
erect  posture  is  very  uncomfortable.  This  is  at  least  true  of  pneu- 
monia of  the  bases,  in  which  the  diseased  part  always  takes  up  the 
posterior  space  of  the  thorax,  and  therefore  the  position  upon  the 
back  is  the  least  detrimental  to  the  rest  of  the  lung,  the  diaphragm, 
or  the  heart.  In  pneumonia  of  the  apices  and  in  disseminated  lobular 
pneumonias,  on  the  other  hand,  the  side  position  and  the  erect  sitting 
position  are  used  to  relieve  breathing  (Wunderhch  ^^®,  vol.  iii,  p. 
476). 

THE  COMPLICATIONS  OF  PNEUMONIA. 

Beginning  with  the  lung,  I  shall  retain  the  order  employed  in 
reviewing  the  symptomatic  implication  of  the  other  organs,  and 
shall  not  describe  the  comphcations  of  pneumonia  in  the  order  of  their 
frequency. 

[The  comphcations  of  pneumonia  are  really  expressions  of  the 
pneumococcus  infection  in  other  organs  or  tissues.  Hence,  in  addi- 
tion to  pleurisy,  pericarditis,  endocarditis,  meningitis,  and  nephritis, 
mentioned  by  the  author,  we  also  see  arthritis,  phlebitis,  colitis, 
peritonitis,  otitis,  parotitis,  conjunctivitis,  and  general  mucous  mem- 
brane infections,  as  in  the  cases  of  Gary  and  Lyons. — Ed.] 

To  the  rarer  events  belong  abscesses  of  the  lung.  Laennec,  at 
the  time  of  the  first  publication  of  his  book  upon  auscultation  and 
percussion,  among  several  hundred  autopsies  of  pneumonia  noted  only 
"five  or  six  cases,"  and  only  once  an  abscess  of  considerable  size 
(vol.  I,  p.  406).  Into  this  scarcely  the  tips  of  three  fingers  could  be 
introduced.  Andral  found  abscess  but  once,  in  a  patient  who  died  on 
the  nineteenth  day  of  a  pulmonary  inflammation.  The  description 
which  Andral  gives  of  this  abscess  is  characteristic  of  the  great 
majority  of  such  cases;  it  deserves,  therefore,  to  be  quoted  verbatim. 
The  condition  in  question  related  to  gra}^  hepatization  of  the  middle 
and  lower  pulmonary  lobes.  The  center  of  the  latter  contained  a 
dirty  gray  mass  in  the  middle  of  which  actual  pus  with  no  especial 
odor  was  found.  Surrounding  this  the  pulmonary  tissue  was  very 
soft,  in  a  condition  of  detritus,  and  gradually  took  on  a  firmer  con- 
sistency. During  life  there  were  no  signs  of  the  presence  of  an  ab- 
scess. 

I  myself  have  found  among  253  fatal  cases  of  pneumonia  (202  men, 
51  women),  which  were  nearly  all  examined  postmortem,  three 
abscesses  of  the  lung.  Once  the  abscess  Avas  combined  with  an 
empyema;  the  anatomic  condition  was  just  as  Andral  described  it. 
[It  occurred  in  two  of  my  195  cases. — Ed.] 

If  Lebert,  in  the  four  cases  of  pulmonary  abscess  following  pneu- 
monia which  he  has  observed,  found  the  cavities  small,  of  a  caliber 
varying  between  the  size  of  a  hazelnut  and  that  of  a  walnut,  and 
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clothed  with  an  orpianizcd  ])sou(l()mombrano  ('",  p.  G47);  it  must  have 
occurnnl  in  a  very  late  stage  of  the  process. 

GrisoUe  has  collected  29  cases  from  different  authors,  and  finds 
that  the  abscesses  are  usually  near  the  surface,  that  they  measure 
from  3  to  15  cm.,  have  an  irregular  sinu(nis  outline,  and  that  their 
walls  are  bounded  by  shreds  of  tissue.  In  rare  cases  an  abscess  mem- 
brane is  present.  Once  the  abscess  had  broken  into  the  pericardium. 
Of  the  27  abscesses,  11  were  found  in  the  right,  and  16  in  the  left  lung. 

In  25  cases  the  age  was  given.     According  to  the  ages  there  were : 

at     4  years 1  aVjscess. 

between  16  and  26      "       4  abscesses. 

31     "     36      "       5 

45     "     49      "       3         " 

50     "     58      "      4 

at  70      "      8 

As  Skoda  has  quite  properly  remarked,  the  diagnosis  of  abscess 
of  the  lung  cannot  be  made  by  auscultation  and  percussion  alone. 
' '  A  probable  diagnosis  might  be  made  if  with  the  rapid  increase  of 
the  pneumonic  symptoms  a  large  quantity  of  pus,  colored  red  by 
blood,  should  be  brought  up  at  once,  and  should  be  followed  by 
improvement  in  the  pneumonic  phenomena;  certainty  can  only  be 
given  after  the  demonstration  of  elastic  elements  of  the  parench}'ma 
of  the  lung  in  the  sputum."  Better  points  for  the  diagnosis  of 
pulmonary  abscess  are  given  by  Traube  (^^*,  vol.  i,  p.  483).  In  acute 
pneumonia  suspicion  of  an  abscess  is  raised  if  resolution  of  the 
inflammatory  exudate  is  slow,  and  the  fever,  which  occasionally  is 
only  slight,  lasts  longer  than  usual.  Of  especial  diagnostic  value, 
however,  is  the  sputum.  This  is  usuall}^  very  copious,  forming  a  mass 
only  slightly  different  from  the  usual  connective-tissue  pus,  in  which 
but  little  mucus  is  contained,  and  which,  as  a  rule,  has  a  musty 
purulent  odor — it  may,  however,  through  longer  stagnation  of  the 
piLS,  become  fetid — and  macroscopically  contains  particles  of  paren- 
ch3^ma  of  the  lung,  of  irregular  villous  appearance,  of  black-spotted, 
rarely  yellow,  color,  whose  length  varies  from  that  of  a  millet-seed 
to  6  cm.  (1.20  inch),.  The  microscopic  examination  of  the  particles 
shows  an  abundance  of  elastic  tissue  mth  free  black  and  yellow 
pigment,  which  latter  is  partly  amorphous  and  partly  cr3^stalline. 
Only  particles  of  parenchyma  of  the  lung  of  this  nature  are  character- 
istic of  abscess,  for  Traube  has  seen  a  case  of  abscess  in  which  the 
sputum,  except  for  these  shreds  of  lung  tissue,  presented  nothing 
unusual  either  in  appearance  or  in  quantity. 

Pulmonar}''  abscesses  ma^^  heal  completely.  Two  such  cases  are 
explicith^  described  by  Traube.  The  finding  of  many  elastic  fibers 
in  the  sputum  made  the  diagnosis  positive. 

Pure  necrosis  of  the  pulmonary  tissue  I  once  saw.  It  occurred  in 
a  case  of  metapneumonic  empyema.  The  pus  was  emptied  from  the 
pleural  ca\dty  by  resection  of  the  rib.  Some  daj's  after  this  had 
occurred,  in  washing  out  the  cavity,  two  particles  of  tissue  the  size 
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of  a  plum  crowded  themselves  into  the  opening  at  which  the  resection 
had  been  performed  and  could  be  readily  taken  out.  The  micro- 
scopic examination  confirmed  the  macroscopic  appearance,  that  the 
particles  consisted  entirely  of  pulmonary  tissue.  The  patient  was 
discharged  cured. 

Somewhat  more  frequently  pneumonia  terminates  in  pulmonary 
gangrene;  but  the  condition  must  be  looked  upon  as  rare  in  com- 
parison with  primary  gangrenous  inflammation  of  the  pulmonary 
tissue.  Grisolle,  in  the  305  cases  of  pneumonia  upon  which  he  bases 
his  report,  did  not  note  one  in  which  gangrene  occurred,  and  in  an 
examination  of  70  cases  of  pulmonary  gangrene  which  were  described 
by  various  authors  he  scarcely  found  five  which,  speaking  strictly, 
could  be  taken  as  examples  of  pneumonia  terminating  in  gangrene 
of  the  lungs.  Not  much  greater  is  the  number  observed  by  Hensel 
in  the  Breslau  Pathological  Institute.  In  his  Table  III,  only  5  among 
73  cases  of  gangrene  can  be  referred  to  croupous  pnumonia. 

The  diagnosis  "croupous  pneumonia  terminating  in  gangrene" 
may  be  made  only  when,  after  all  the  characteristic  symptoms  of 
pneumonia  have  been  present  for  several  days,  signs  of  gangrene 
are  added.  Convincing  cases  of  this  kind  have  been  reported  by 
Kannenberg,  Leyden^^*,  and  others.  In  cases  in  which  the  result 
is  favorable  the  cure  of  gangrene  of  the  lung  can  only  be  accepted 
with  certainty  if  elastic  fibers  have  been  seen  in  the  sputum.  With- 
out these,  putrid  bronchitis  might  easily  be  mistaken  for  this  condi- 
tion. Such  putrid  bronchitis,  however,  I  have  repeatedly  seen  in 
pneumonia,  especially  if  simultaneously  an  empyema  existed.  "The 
sputum  in  putrid  bronchitis  has  the  same  repulsive  smell  as  in  gangrene 
of  the  lungs, "  says  Hoffmann  C°^,  p.  146).  In  my  experience,  this  may 
at  least  occur  a  few  times.  Mostly,  however,  putrid  bronchitis  may 
be  easily  differentiated  from  gangrene  by  the  difference  in  smell. 

The  most  frequent  complication  of  pneumonia  is  pleurisy.  [In  55 
of  195  of  our  cases. — Ed.]  As  has  previously  been  emphasized 
in  the  description  of  the  pathologic  changes,  there  exists  in  every 
pneumonia  an  inflammatory  change  in  the  contiguous  pleura.  As 
this  complication,  however,  in  a  majority  of  the  cases  is  not  an  inde- 
pendent affection,  and,  moreover,  disappears  with  resolution  of  the 
exudate,  it  might  be  well  to  speak  of  a  complicating  pleurisy  only  if 
the  condition  lasts  longer  than  the  pneumonia  and  requires  especial 
treatment.  Very  likely,  upon  the  different  definitions  of  this  condi- 
tion the  unequal  size  of  the  different  reported  figures  depend.  Accord- 
ing to  the  statement  of  v.  Jiirgensen,  the  number  of  pleurisies  com- 
pHcating  pneumonia  in  Vienna  were  5.2% ;  in  Stockholm,  4% ;  in  Basel, 
15%.  According  to  my  observation,  in  1501  cases  of  pneumonia  59 
serous  pleurisies  occurred,  24  empyemas,  together  with  83  affections 
of  the  pleura;  therefore  these  occurred  in  5.5%  of  all  cases. 

As  a  rule,  the  pleurisy  occurs  at  the  end  of  the  pneumonia.  The 
pneumonia  may  end  by  crisis,  and  soon  thereafter  fever  may  occur 
which  is  dependent  upon  disease  of  the  pleura.     There  is  scarcely, 
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however,  another  affection  whicli  shows  sucli  extraordinary  varia- 
tions in  rcgartl  to  fever.  1  have  observed  high  remittent  fe\'er  with 
serous  effusions ;  and  I  have  known  entire  absence  of  all  rise  in  tem- 
perature for  ten  days,  in  cases  of  very  large  empyemas — that  is  to 
say,  absent  up  to  the  time  of  operation  and  afterward. 

Regarchng  the  diagnosis,  an  exact  description  will  be  entered  into 
in  the  section  especially  devoted  to  pleuris}-;  here  there  need  only  be 
mentioned  in  regard  to  prognosis  that,  according  to  my  experience, 
the  complication  of  a  serous  pleurisy  or  an  empyema  only  increases 
the  duration  of  the  attack.  The  prognosis  in  serous  effusion  is  not 
made  markedly  worse,  whereas  in  the  case  of  a  purulent  effusion, 
through  the  possibilit}'  of  several  conditions  at  and  after  the  operation 
which  cannot  be  determined  beforehand  with  certainty,  a  favorable 
result  cannot  in  the  same  positive  manner  be  predicted. 

Among  complications  occurring  in  other  organs,  as  regards  danger, 
but  not  as  regards  frequenc}^,  those  relating  to  the  pericardium  and 
heart  take  the  first  place. 

Inflammation  of  the  pericardium  is  similar  to  that  of  the  pleura, 
and  may  be  either  of  a  serous  or  of  a  purulent  nature.  In  the  latter 
case  a  simultaneous  purulent  inflammation  of  the  pleura,  with  a  more 
or  less  abundant  fluid  exudate,  may  be  present.  A  rare  case  of  this 
kind,  occm'ring  after  the  subsidence  of  a  pneumonia,  was  admitted 
to  this  hospital  (Breslau).  A  right-sided  empyema  in  a  man  aged 
thirty-fom'  was  emptied  by  means  of  resection  of  the  ribs,  but  three 
days  later  death  occurred.  At  the  autopsy  another  completely  en- 
capsulated empyema  of  the  mediastinum  was  found  between  the 
inner  surface  of  the  right  lung  and  the  pericardium,  as  well  as  a 
purulent  pericarditis,  with  slight  accumulation  of  free  pus  in  the 
pericardium.  Another  noteworthy  case  of  purulent  pericarditis  in 
connection  with  pneumonia  occurred  in  a  child  eight  months  old. 
Tliis  case  also  terminated  fatally. 

The  method  of  treatment  in  pneumonia  seems  to  be  not  •without 
influence  upon  the  occurrence  of  a  pericarditis.  According  to  the  re- 
ports of  Dietl,  it  must  be  assumed  that  venesection  in  a  high  degree 
favors  the  occurrence  of  pericarditis.  This  deserves  to  be  especialh' 
emphasized,  as  at  this  time  there  appears  to  be  a  scientific  revolution 
which  is  endeavoring  to  gain  new  friends  for  the  therapeutic  appli- 
cation of  venesection,  which  has  nearly  entirely  been  done  away 
with.  Pneumonia  must  almost  exclusively  remain  a  noli  me  tangere 
for  venesection.  It  would  be  useless  to  demonstrate  all  the  unfavor- 
able experiences  anew.  If  there  has  been  an}^  point  in  the  question 
of  venesection  which  has  been  definitely  solved  by  Dietl,  it  is  that 
which  clearly  defines  the  influence  of  venesection  in  reference  to  peri- 
carditis. His  own  words  are:  "From  a  general  re^dew  of  the  vari- 
ous complications  of  pneumonia  dependent  on  different  methods  of 
treatment  it  should  not  be  difficult  to  judge  of  the  influence  of  vene- 
section upon  the  occurrence  of  complications  in  pneumonia.  It  is  con- 
spicuous that  in  17  cases,  after  treatment  ^^dth  venesection,  in  patients 
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who  had  died,  pneumonia  was  comphcated  three  times  by  meningitis 
and  five  times  by  pericarditis.  On  the  other  hand,  in  22,  after 
treatment  \vith  tartar  emetic,  in  patients  that  had  died,  only  one; 
and  in  14  after  treatment  with  dietetic  measm^es  in  persons  dying,  not 
one  was  noted.  It  is  not  easy  to  assmne  that  this  frequent  comphca- 
tion  of  pneumonia  treated  wdth  venesection  is  accidental,  as  it  oc- 
curred only  in  treatment  by  venesection,  and  in  no  other  method  of 
treatment.  We  believe,  therefore,  that  we  may  allow  ourseh^es  the 
conclusion  that  the  frequent  complications  of  meningitis  and  peri- 
carditis are  caused  by  venesection,  as  we  have  proved  that  the  coagu- 
lation of  the  blood  favors  the  acute  exudative  processes  and  the 
extension  of  a  hepatization  from  one  lobe  or  part  of  the  lung  to 
another.  This  comparative  postmortem  finding  seems  to  us  to  be 
one  of  the  most  important  and  memorable  ones,  and  to  substantiate 
our  former  statement  that  pneumonia  grows  and  flourishes  under  the 
lancet.  The  more  we  practise  venesection,  the  more  atonic  the  capil- 
laries of  the  lung  become.  The  more  coagulable  the  blood,  the  more 
fluid  its  fibrin  becomes,  and  the  more  inequitable  are  greatly  distributed 
hepatization  and  also  infiltration  of  other  tissues,  especially  the  mem- 
branes of  the  brain  and  the  coverings  of  the  heart,  imtil  finally  death 
occurs  through  enfeeblement  of  the  blood  and  paralysis  of  the  nervous 
centers.  If,  however,  venesection  does  not  cause  this  in  all  cases,  it 
only  proves  that  there  are  conditions  of  the  blood  that  are  capable  of 
withstanding  any  influence  up  to  a  certain  degree." 

Endocarditis  arising  in  the  course  of  a  pneumonia  appears  to  vary 
as  to  time  and  location.  I  mj^self  have  seen  but  a  single  case  of  acute 
endocarditis  affecting  the  aortic  valves  in  the  course  of  pneumonia. 
Fismer  has  in  only  two  of  his  cases,  therefore  in  0.9%,  seen  acute 
changes  at  the  mitral  valve.  Weichselbaum  must  have  had  occasion 
to  examine  such  cases  more  frequently.  He  was  in  the  position,  by 
means  of  using  pure  culture  and  animal  experiments,  to  demonstrate 
Diplococcus  pneumonise  upon  the  growths  on  the  valves,  and  to 
substantiate  the  investigations  of  Netter,  who,  in  nine  cases  of  "  endo- 
cardite  pneumonique, "  foimd  seven  times  the  same  bacteria  in  the 
vegetations  upon  the  valves  as  in  the  pneumonic  lung, — ^namely,  long 
diplococci  "with  well-stained  or  unstained  capsules, — but  who  was 
not  in  the  position  to  grow  cultures,  or,  through  experiments  upon 
animals,  to  establish  the  identity  of  the  bacteria  which  he  micro- 
scopically proved  to  be  present  in  endocarditis  with  pneumococci. 
The  latter  Weichselbaimi  was  able  to  do  six  times  in  39  cases  of  endo- 
carditis, in  all  of  which  he  made  careful  bacteriologic  investigation. 
In  four  of  these  cases  there  was  pneumonia  in  addition  to  endo- 
carditis. Here  the  question  may  arise  how  this  variety  of  bac- 
teria found  its  way  into  the  blood  and  so  reached  the  valves  of 
the  heart.  It  may  be  easily  answered  that  the  diplococcus  of  pneu- 
monia, from  the  inflamed  lung  in  which  it  was  already  present,  found 
its  way  there.  In  one  of  the  remaining  two  cases  a  purulent  cere- 
brospinal meningitis  was   present.      In  the  others,  however,  there 


CROUPOUS  PNEUMONIA.  491 

was  no  process  to  which  Diplococciis  pnoiimonia}  might  have  given 
origin.  But  in  this  case  also  the  possibihty  that  the  cause  of  the 
entlocaixhtis  found  its  way  from  the  respiratory  tract  into  the 
organism  cannot  so  easily  be  put  aside. 

As  regards  the  variations  which  the  endocarditis  pneumonica 
shows  from  the  other  varieties  of  acute  endocarditis,  Weichselbaum 
remarks  that  these  may  arise  in  the  ulcerative  as  well  as  in  the  verru- 
cose  form,  although,  as  it  seems,  more  frequently  in  the  first  form. 
At  least,  in  his  cases  the  ulcerative  variety  was  noted  six  times  and 
only  once  did  the  verrucose  form  occur  (here  a  case  that  was  not 
counted  above  has  been  reckoned  in). 

The  affection  appears  to  show  a  special  preference  for  the  aortic 
valves — a  statement  already  made  by  Heschl  and  Netter.  In  Weich- 
selbaimi's  cases  the  aortic  valves  were  affected  five  times  and  only 
twice  was  the  mitral  valve  the  seat  of  the  affection.  i\Ioreover, 
this  form  is  distinguished  very  frecjuently  by  the  fact  that  very  large 
and  even  occasionally  polypoid  vegetations  form  upon  the  valves; 
infarcts  are  not  so  rare  as  Netter  supposes.  Among  the  seven  cases 
of  Weichselbaum  this  occurred  five  times. 

[Da  Costa*  reported  three  cases  of  phlegmasia  alba  dolens  in 
the  course  of  pneimionia.  In  two  cases  the  veins  of  both  legs  were 
affected.  This  complication  is  rare,  as  but  nine  references  in  the 
literature  of  the  subject  could  be  found. — Ed.] 

Next  to  the  affection  of  the  plem-a,  the  most  important  com- 
plications of  pneumonia  in  a  numeric  as  well  as  in  a  prognostic  sense 
are  the  complications  on  the  part  of  the  nervous  system. 

The  frequent  occurrence  of  meningitis  in  the  course  of  pneu- 
monia has  been  emphasized  by  Immermann  and  Heller  on  the 
basis  of  the  earlier  reports  in  literature;  these  authors  also  insist  that 
clinically  the  symptom-complex  is  occasionally  not  at  all  charac- 
teristic. 

Nauwerck  has  analyzed  29  cases  of  meningitis  occurring  in  the 
course  of  pneumonia  (23  men  and  6  women).  The  complication 
occurred  7  times  in  the  stage  of  red  hepatization,  19  times  in  the 
stage  of  gray  and  yellow  hepatization.  Among  the  last  19  cases  the 
pneumonia  was  noted  14  times  to  be  in  the  stage  of  diffuse,  well- 
developed  pus  formation.  Once  an  abscess  of  the  size  of  a  pigeon's 
egg  occurred,  and  t^ice  there  was  beginning  abscess  formation.  In 
three  cases  exact  reports  were  missing. 

As  regards  position,  he  determined  that'the  convexity  of  the  brain 
alone  was  affected  4  times;  convexity  and  base,  16  times;  convexity, 
base,  and  spinal  cord,  7  times. 

The  meningitis  occurred  upon  the: 

3.d  day. once.  9th  day three  times. 

4th  "    once.  10th  "      six  times. 

6th  "    . fourtimes.  12th  "      twice. 

7th  "    once.  17th  "      twice. 

•   8th  "    twice. 

*Phila.  Med.  Jour.,  Sept.  18,  1898. 
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In  the  remaining  clinical  histories  exact  reports  are  wanting. 

Huguenin  supposed  that  purulent  meningitis  in  pneumonia  in  all 
cases  was  due  to  a  purulent  resolution  of  the  pneumonic  exudate. 
Nauwerck  says  that  experience  contradicts  this.  It  must  be  admitted 
that  in  two  of  the  cases  in  which  the  pneumonia  was  found  in  the  stage 
of  pus  formation,  decaying  thrombi  were  found  in  the  pulmonary  veins. 
In  one  of  these  they  were  even  puriform.  The  assumption  is  easy  to 
beheve  that  a  mixture  of  a  puriform  degenerative  material  gaining 
access  to  the  arterial  blood  stream,  and  thence  being  carried  to  the 
pia,  will  result  in  a  consequent  purulent  inflammation. 

In  the  main,  according  to  Nauwerck,  we  have  to  do  with  an  embolic 
infection  with  consequent  purulent  inflammation,  and  this  infection 
arises  from  material  which  is  derived  from  the  diseased  pulmonary 
parts  and  gains  access  to  the  arterial  blood  stream. 

The  opinion  of  Weichselbaum  that  the  pneumococci  reach  the 
meninges  by  means  of  the  cellular  tissue  of  the  neck,  and  there  become 
the  cause  of  the  inflammation,  has  been  mentioned  previously  and 
discussed  more  thoroughly.  Whether  this  opinion,  though,  will  hold 
for  all  cases  remains  questionable.  In  considering  the  facts  of  the 
existence  of  the  diplococcus  in  the  blood  of  pneumonia  patients, 
proved  by  a  great  number  of  thoroughly  reliable  investigators,  the 
fact  that  the  occurrence  of  meningitis  is  limited  to  a  variable  but 
comparatively  small  percentage  of  all  pneumonias  must  be  as- 
cribed to  local  conditions,  which  permit  the  localization  and  increase 
of  the  pneumococcus  in  the  meninges.  Here  endemic  circumstances 
may  play  a  great  role.  If  Meyer  reports  from  the  Pathological  In- 
stitute of  Dorpat  that  in  11  cases  of  typical  croupous  pneumonia,  in 
which  autopsy  was  performed,  purulent  meningitis  was  found  as  a 
complication  five  times,  this  would  be  an  extraordinarily  high 
percentage.  I  myself  in  the  253  cases,  in  almost  all  of  which  an 
autopsy  was  performed,  found  meningitis  but  7  times ;  besides  this, 
I  have  noted  meningitis  3  times  as  a  complication  of  pneumonia  in 
patients  who  recovered.  According  to  this,  among  my  1501  cases  of 
pneumonia  there  were  but  10  cases  of  meningitis. 

Cerebral  complications  of  the  pneumonic  process  occur  most 
frequently  in  alcoholics  and  give  rise  to  the  symptoms  of  the  con- 
dition known  as  delirium  tremens.  By  means  of  the  primary  affection 
— that  is  to  say,  by  the  blood  taking  up  deleterious  substances  and 
conveying  them  to  the  brain — an  irritation  is  produced  which  adds 
an  additional  irritation  to  that  already  present  produced  by  the  use 
of  alcohol.  In  reference  to  the  pathogenesis  of  this  condition  more 
accurate  statements  cannot  be  made  at  this  period. 

The  frequency  with  which  delirium  tremens  occurs  in  the  course 
of  pneumonia  depends  largely  upon  the  distribution  of  the  alcoholic 
habit  in  the  community  in  general.  Among  Huss's  patients  no  less 
than  180 — that  is,  6.91% — suffered  from  delirium  tremens.  Of  the 
total  number,  174  occurred  in  men  and  6  in  women.     Among  my 
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1501  casos,  SO  wore  attacked  by  deliiium  tremens — that  is,  5.3%; 
among  these  there  were  70  men  and  4  women. 

As  a  rule,  this  comphcation  is  well  developed  at  the  acme  of  the 
pneumonia,  somewhere  al)out  the  third  day  of  the  affection.  Great 
unrest  antl  insonmia,  which  are  not  dej^endent  upon  the  usual  causes, 
— for  example,  cough  or  ])ains  in  the  side, — and  which,  taken  in  con- 
nection with  the  previous  history  of  the  patient,  make  the  diagnosis 
easy,  usually  precede  the  condition.  Taking  these  facts  into  con- 
sideration, however,  allows  us  to  take  the  proper  precautions  and 
apply  the  proper  remecUes  so  as  to  lessen  the  dangers  which  this 
complication  is  liable  to  bring  forth.  Tliis  danger  is  grave,  according 
to  our  observations  made  up  to  the  present  time.  Huss  lost  among 
his  patients,  of  those  that  had  deUrium  tremens,  20% ;  Fismer,  who 
reports  only  12  cases,  lost  50% ;  I  lost  in  my  80  cases,  22 — that  is, 
27.5%.  That  therapeutic  precautions,  however,  are  not  without 
marked  influence  upon  the  recovery  of  such  cases  I  can  emphasize 
by  the  fact  that,  since  the  3^ear  1891,  of  those  cases  that  were  treated  in 
the  manner  to  be  described  later,  among  13  cases  only  3  terminated 
fatally.  One  of  these  fatal  cases  was  complicated  by  an  acute 
nephritis. 

Occasionally  the  entire  brain  is  affected,  without  there  being  any 
predisposing  cause,  such  as  alcohol  in  delirium  tremens.  This  pre- 
viously midescribed  condition  of  the  brain  I  should  like  to  designate 
as  an  acute  diffuse  encephalitis.  It  is  true  my  observations  are  limited 
to  but  4  cases,  of  which  only  2  were  observed  in  the  hospital.  The 
severity  of  the  affection,  the  gravity  of  the  danger,  the  possibility  of 
obtaining  therapeutic  results,  lead  me  nevertheless  to  go  somewhat 
into  details. 

In  these  cases,  besides  the  characteristic  symptoms  of  pneumonia, 
at  the  height  of  the  affection  there  was  added  the  most  marked  degree 
of  unrest.  There  was  also  absolute  insomnia.  The  patients  talked 
almost  continuously,  without  necessarily  being  delirious ;  were  restless, 
throwing  themselves  from  side  to  side  as  if  they  could  not  obtain  rest 
in  any  position.  In  one  of  these  patients  the  imrest  increased  to  such 
a  marked  extent  that  he  broke  out  into  almost  continuous  screams; 
with  this  he  beat  his  chest  with  his  fist,  using  all  his  force.  It  was 
almost  impossible  to  prevent  this.  With  all  this  the  patients  were 
not  aggressive;  they  remained  in  bed.  Two  of  these  four  patients 
cUed  of  exhaustion,  it  being  impossible  to  quiet  them.  Only  in  one 
of  these  patients,  the  one  who  showed  the  marked  unrest,  was  it 
possible  to  procure  an  autopsy.  The  result  of  the  postmortem  showed, 
besides  a  pneumonia  invohdng  the  entire  right  lung,  a  wet  brain  and 
a  high  degree  of  hyperemia  of  the  brain,  with  a  conspicuously  pink 
appearance  of  the  cortical  substance. 

In  regard  to  etiology,  it  appears  to  me  to  be  worth  mentioning  that 
in  both  the  cases  which  I  had  an  opportunity  to  observe  in  private 
practice  very  marked  and  continuous  anger  preceded  these  phenomena 
— in  one  case  combined  with  the  loss  of  fortune. 
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Whether  focal  affections  of  the  brain  occur  in  connection  with  or  in 
the  course  of  a  pure  pneumonia  appears  to  me  to  be  questionable. 
While  Isager  regards  as  the  result  of  a  focal  affection  of  the  brain 
an  aphasia  which  occurred  suddenly  with  the  crisis  in  a  boy  aged 
nine,  and  disappeared  after  lasting  fourteen  days,  I  should  rather 
class  this  with  the  cases  of  paralysis  in  children  previously  described 
(page  477),  and  attribute  the  origin  to  the  same  causes. 

Affections  of  the  spinal  cord  are  very  rare  in  connection  with  pneu- 
monia. Occasionally  infantile  paralysis  has  been  seen  as  a  result  of 
pneumonia,  and  so  described  (compare  Leyden^^^).  Furthermore, 
Babes  and  Vellan  have  seen  develop  in  a  case  of  right-sided  pleurisy 
and  in  a  case  of  right-sided  pleuropneumonia  an  atrophy  of  the  mus- 
cles of  the  right  half  of  the  thorax,  of  the  pectoralis  major,  the  deltoid, 
the  supra-  and  infraspinatus,  the  serratus  anticus  major,  and  all  of 
the  intercostal  muscles  of  the  right  side.  In  the  excised  parts  of 
the  muscles  disease  of  the  finer  ramifications  of  the  nerves  was 
demonstrated. 

Up  to  the  present  time  it  was  believed  that  nephritis  as  a  com- 
plication of  pneumonia  was  very  infrequent.  The  finding  of  albumin 
in  the  urine  was  looked  upon  as  febrile.  Leyden  says :  "  As  frequently 
as  febrile  albuminuria  is  encountered  in  pneumonia,  so  rarely  is  a 
true  nephritis  encountered.  When  this,  however,  does  occur,  it 
develops  as  a  rule  from  the  febrile  albuminuria  and  shows  itself  in 
the  form  of  an  exquisite  hemorrhagic  desquamative  nephritis."  The 
majority  of  such  cases,  he  noted,  terminated  in  recovery,  although 
they  lasted  several  days  or  weeks  longer  than  the  pneumonia. 

Lecorche  and  Talamon  noted  the  development  of  a  hemorrhagic 
nephritis  after  fifteen  hours  following  the  initial  chill  in  a  case  of 
pneumonia. 

A  very  careful  and  exhaustive  examination  in  reference  to  the 
connection  between  nephritis  and  pneumonia  has  been  conducted  by 
V.  Kahlden,  who  carefully  consulted  the  literature  of  the  subject.  In 
opposition  to  the  opinion  that  an  infiammation  of  the  glomeruli  with 
degenerative  processes  of  the  glomerular  epithelium  takes  place, 
he  found  that  in  a  certain  number  of  the  cases  the  epithelium  of 
the  convoluted  tubules  and  of  Henle's  loops  was  implicated  almost 
exclusively,  and  in  those  cases  in  which,  in  fact,  the  epithelium 
of  the  glomeruli  was  affected,  the  changes  as  compared  with  those 
in  the  convoluted  urinary  tubules  were  always  of  lesser  signifi- 
cance. If  in  many  of  these  descriptions  the  hemorrhagic  char- 
acter of  this  variety  of  nephritis  is  so  markedly  emphasized  that  it 
appears  to  be  almost  specific  for  pneumonia,  or  even  pathognomonic, 
these  reports  are  based  upon  the  examination  of  the  urinary  sedi- 
ment. In  those  cases  in  which  histologic  examinations  of  the  renal 
tissue  have  been  reported,  the  blood  has  been  rarely  found  in  the 
interstitial  tissue,  but  mostly  in  the  glomerular  capsule  and  in  the 
urinary  tubules.     Von  Kahlden  himself  missed  these  hemorrhages  in 
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many  cases,  and  in  other  cases  they  were  never  so  numerous  or  so 
marked  as  had  been  rei)orted  by  the  majority  of  the  authors. 

Jn  a  pathogenetic  relation  lie  ([uite  pro}3erly  expresses  the  opinion 
that  in  the  case  of  febrile  albuminuria  there  was  a  change  in  the 
kitlney  structure  which  is  actually  the  beginning  of  an  acute  neph- 
ritis, with  which,  from  the  same  etiology,  it  is  combined.  This  eti- 
ology depends  upon  toxic  substances  circulating  in  the  blood. 

NcMU'theless  it  will  remain  justifiable  to  differentiate  between 
the  onset,  therefore  between  a  beginning  nephritis  and  a  developed 
nephritis,  and  to  draw  conclusions  from  a  diagnostic  and  prognostic 
standpoint,  and  to  give  to  the  former  as  a  rapid  and  transitory  process 
the  designation  "albuminuria,"  but  to  take  from  it  the  idea  that  it  is 
due  to  a  febrile  process.  It  is  not  cUfficult  to  determine  the  limits. 
If  at  the  time  of  crisis  the  albuminuria  desists,  a  nephritis  has  not 
been  developed.  Then,  also,  the  quantity  of  albumin  has  been  small. 
If  we  endeavor  to  reason  in  this  manner,  then  the  highest  percentages 
which  have  been  given  of  well-developed  nephritis  are  not  too  low, 
as  V.  Kahlden  supposes.  My  own  observations  do  not  even  give  so 
high  a  percentage  as  those  of  Wagner  and  Rosenstein.  The  former 
saw,  among  150  cases,  nephritis  4  times — therefore  2^% ;  the  latter, 
in  130  cases,  tmce  nephritis — therefore  1.7%.  I  noted,  in  1561 
cases,  nephritis  16  times — therefore  1%. 

Lately  Fraenkel  and  Reiche  have  carefully  investigated  the  condi- 
tion of  the  kidney  in  pneumonia.  In  the  kidney  of  pneumonia  pa- 
tients in  adults  there  were:  (1)  The  changes  were  almost  exclusively 
limited  to  the  cortical  layer.  Only  comparatively  rarely  were 
casts  in  varying  numbers  found  in  the  collecting  tubules  and  in  the 
terminal  tubules ;  once  these  were  partly  occluded  by  granular  ma- 
terial ;  otherwise,  however,  the  epithelium,  except  for  occasional  de- 
posits of  pigment,  was  not  degenerated.  The  connective  tissue  of  the 
medullary  substance  never  presented  recent  alterations.  (2)  In  the 
cortex,  with  but  few  exceptions  the  secreting  parenchyma,  the  loop 
of  Henle,  and  the  straight  canals  of  the  medullary  rays  were  alone 
affected.  (3)  In  every  case  there  were  found,  although  in  variable 
amount  and  extent,  exudates  in  the  glomerular  capsules. 

The  combined  occurrence  of  jaundice  and  pneumonia  has  led  to 
many  varied  controversies.  Chomel  fully  described  the  differences 
existing  in  various  combinations  of  pneumonia  and  jaundice,  and 
pointed  out  that  true  icteroid  pneumonia  must  not  be  confounded 
with  that  form  of  pneumonia  in  the  course  of  which  jaundice  may 
arise,  which  may  be  due  to  a  mechanical  obstruction  of  the  flow  of  the 
bile  in  the  ductus  hepaticus  or  choledochus  or  that  may  arise  from  a 
severe  psychic  disturbance — fright  or  anger,  etc.  In  such  an  instance 
the  icterus  is  accidental  and  is  in  no  direct  connection  with  the  pneu- 
monia. In  the  case  of  icteroid  (bilious)  pneumonia,  on  the  other 
hand,  the  inflammation  of  the  lung  and  the  condition  of  the  bile  form 
an  entity. 

Mosler,  on  the  other  hand,  behevesthat  all  combinations  of  jaundice 
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with  pneumonia  are  identical.  He  calls  attention,  in  the  first  place, 
to  the  communications  of  Traube  in  reference  to  the  frequent  occur- 
rence of  the  so-called  bilious  pneumonia,  ^Yhich  distinguishes  itself 
especially  by  severe  symptoms  on  the  part  of  the  nervous  system, 
even  diminution  of  sensibility,  occasionally  tendency  to  diarrhea;  he 
then  adds  a  complete  report  of  the  earlier  observations  of  Hauff, 
Potter,  and  Drake,  and  gives  an  exact  description  of  four  cases  of 
bihous  pneumonia  terminating  fatally.  He  attributes  special  value 
to  the  postmortem  fincUngs  on  account  of  the  simultaneous  occur- 
rence of  a  gastro-intestinal  catarrh  and  croupous  pneumonia,  which 
are  important  for  his  deductions.  From  this  the  conclusion  may  be 
drawn  that  the  variations  which  bilious  pneumonia  show  from  the 
ordinary  croupous  pneumonia  are  due  to  the  presence  of  a  resorption 
icterus,  and  cause  a  mixture  of  the  blood  ^\ith  bile  acids.  The  degree 
of  variation  and  the  difference  of  the  course  depend  upon  the  amount 
of  the  bile  acids  absorbed,  the  greatness  of  the  obstacle  in  the  bihary 
ducts,  and  the  duration  and  intensity  of  the  jaundice. 

The  necessity  of  separating  the  cUfferent  varieties — that  is, 
the  older  opinion  of  Chomel — has  lately  been  emphasized  by  Bettel- 
heim.  He  proposes  for  the  one  species  of  pneumonia  wliich  Traube, 
Mosler,  and  their  predecessors  had  described,  and  which,  according  to 
their  reports,  runs  a  severe  course  and  frequently  terminates  fatally, 
since  the  cases  are  compHcated  by  jaundice,  the  name  pneumonia 
hiliosa;  on  the  other  hand,  for  all  cases  of  pneumonia  running  their 
course  with  jaundice,  he  proposes  the  term  pneumonia  cum  ictero. 

[The  consensus  of  opinion  seems  to  be  that  there  is  no  direct  rela- 
tion between  pneumonia  and  the  occurrence  of  jaundice,  which  is 
simply  an  accidental  compHcation,  more  likely  to  occur  in  alcoholics 
and  in  those  afflicted  ■\\-ith  some  hepatic  disease. 

Petrov*  says  that  the  absence  of  jaundice  during  the  period  of 
resolution  has  comdnced  him  that  the  condition  bears  no  relation  to 
the  absorption  of  the  exudate,  and  that  compression  of  the  bile-ducts 
has  nothing  to  do  with  its  production.  Certain  animal  experiments 
which  he  performed  lead  him  to  believe  that  the  jaundice  is  due  to 
disease  of  the  biliary  passages  and  is  not  due  to  hemolysis. 

Gilbert  and  Grenet  f  accuse  Bacterium  coli  commune  of  producing 
an  angiocholitis. — Ed.] 

AccorcUng  to  my  opinion,  I  must  entirely  coincide,  basing  this  upon 
my  experiences,  but  must  add  that  to  genuine  croupous  pneumonia, 
whose  cause  is  Diplococcus  pneumoniae,  an  icterus  is  added  only 
when  a  mechanical  occlusion  of  the  bihary  passages  comphcates  the 
disease.  We  have  to  do  in  such  cases  always  vnth.  a  pneumonia  cum 
ictero.  In  accordance  with  this  is  the  fact  that  in  a  case  of  genuine 
croupous  pneumonia  a  jaundice  that  appears  does  not  necessarily  in- 
fluence the  prognosis  unfavorably.  Of  my  1501  cases,  15  were  compli- 
cated by  icterus.     [It  occurred  in  five  or  2.6%  of  my  cases. — Ed.] 

*  Gazette  hebdomadaire  de  medecine  et  de  chirurgie,  Sept.  9,  1897. 
t  Archives  generates  de  medecine,  February,  1899. 
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Of  these,  2  clied;  and  one  of  them  had,  besides,  a  chronic  nephritis. 
Where,  however,  a  biUous  pneumonia  arises,  not  Diplococcus  pneu- 
monia), but  other  bacteria  are  the  cause;  the  bacteria  are  able  at 
the  same  time  to  produce  a  pneumonia  and  a  degeneration  of  the 
parenchyma  of  the  liver,  and  to  the  latter  caiLse  the  production  of 
jamicUce  is  due.  [In  Xorris'  series  of  500  cases,  jaundice  occurred  18 
times  ^\dth  a  mortality  of  61%. — Ed.]  Such  pneumonias  are  very 
much  more  dangerous  to  life.  Their  description  does  not  belong  to 
genuine  croupous  pneumonia,  but  to  atypical  pneumonia,  which  \vi\\ 
be  described  further  on. 

[Arthritis  is  a  complication  or  incident  in  the  pneumococcus  infec- 
tion which  may  precede  the  lung  infection  or  follow  after  the  latter 
has  subsided.  Cave  *  has  studied  the  reported  cases  of  'pneumococcus 
arthritis.  Thirt}^  cases  were  reported;  23  of  the  30  died.  Two  oc- 
curred in  children,  the  others  in  middle  or  advanced  life.  Suppura- 
tion of  the  joints  took  place  in  all  but  three  of  the  cases.  In  many, 
pericarcUtis  and  endocarditis  or  a  plemitis  accompanied  the  process. 
The  joint  complication  began  a  few  days  to  two  weeks  after  the  initial 
chill  when  it  accompanied  pneumonia.  In  some  rare  instances  it 
preceded  the  pneumonia,  and  in  a  few  cases  pneumo-arthritis  occurred 
"without  pulmonary  infection. 

The  onset  in  the  com'se  of  pneumonia  may  be  indicated  by  an 
increased  rise  in  temperature  or  the  occurrence  of  a  chill.  If  it  fol- 
lows the  crisis,  a  chill  and  fever  mark  an  invasion. 

Miller  reported  to  the  College  of  Physicians  of  Philadelphia  a  well- 
marked  case.  Allen  and  Lull  t  reported  a  case  of  primary  pneumo- 
coccus arthritis  of  the  knee-joint,  the  fourth  on  record. 

Concerning  the  mucous  membranes,  Carey  and  Lyon  report  a  case 
in  which  during  the  course  of  a  lobar  pneumonia  a  croupous  inflam- 
mation of  all  the  mucous  sm-faces  of  the  body  took  place,  including 
the  mouth,  pharynx,  and  colon. 

Labby  and  others  have  reported  cases  of  parotitis,  the  compli- 
cation indicating  a  grave  infection. 

Symmetric  gangrene  folloT\dng  pneumonia  has  been  observed  by 
Dufom-.i  The  case  was  one  of  double  pneumonia  in  a  woman  fifty- 
eight  years  old.  Some  days  after  recovery,  generalized  polymorphous 
erj'thema ;  then  gangrenous  patches  on  fingers,  toes,  nose  (tip),  lobules 
of  ears.  No  preceding  local  asphyxia.  From  the  first,  vesicles  and 
purulent  fluid;  albuminuria  in  excess;  death  from  infection.  Never 
•any  cessation  of  peripheral  arterial  obstruction.  Blood  (bacterio- 
logic  examination)  negative ;  pus  in  left  knee ;  peripheral  nerves  normal ; 
tissue  showed  leucoc3'tic  infiltration;  arteries  not  obliterated;  veins 
swollen  and  inflamed.  Dufom-  considers  the  affection  to  have  been 
toxic,  favored  b}^  less  resistant  powers  of  periphery  and  impairment 
of  circulation.  Peripheral  symmetric  gangrene  has  been  produced 
in  animals  during  experiments  in  which  collodion  capsules  filled  with 

*  London  Lancet,  Jan.  11,  1901.  ^Annals  Surg.,  Oct.,  1901. 

X  "Soc.  Med.  des  Hop.  de  Par.,"  Oct.  18,  1901. 
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cultures  of  micro-organisms  have  been  introduced  into  the  peritoneal 
ca\dty. 

We  may  also  have  spontaneous  gangrene  consecutive  to  pneu- 
monia. Tuppinger*  reports  a  case  in  a  child.  On  da}^  after  crisis 
pain  in  right  great  toe;  two  days  later  whole  foot  livid,  and  similar 
areas  on  left  foot,  right  knee,  and  elbow.  Two  months  later  following 
lesions  present :  Ulcer  on  back,  10  X  9  cm. ;  anterior  part  of  left  foot 
completely  disorganized;  right  great  toe  gangrenous;  second  and 
third  toes  also  affected.  Pdght  popliteal  pulsation  absent.  Left 
foot  amputated.  Good  recovery.  This  is  the  first  recorded  case  of 
post-pneumonic  gangrene  in  a  child. — Ed.] 

Of  other  complications  there  must  still  be  mentioned  the  appear- 
ance of  erysipelas  in  the  course  of  pneumonia.  I  can  only  look 
upon  this  as  accidental.  In  my  1501  cases  it  occurred  but  five 
times,  once  with  a  fatal  issue.  In  the  latter  case  there  was  at  the 
same  time  cirrhosis  of  the  liver.  Among  the  four  that  were  cured, 
two  had,  besides,  delirium  tremens. 

The  presence  of  angina  I  have  noted  six  times  at  the  onset  of 
pneumonia. 


PNEUMONIA  AS  A  COMPLICATION  OF  OTHER  DISEASES. 

The  lungs  in  which  pneumonia  arises  may  have  formerly  been  the 
seat  of  a  chronic  bronchitis,  of  emphysema,  of  a  tuberculosis  of  the 
apices.  Emphysema  increases  the  danger  to  a  marked  degree.  In 
tuberculosis  pneumonia  does  not  often  arise.  If  I  look  back  at  the 
positive  cases  determined  by  autopsy,  the  number  amounts  to  seven. 
In  the  presence  of  old  valvular  lesions  I  have,  remarkable  to  relate, 
not  had  so  high  a  mortahty  as  is  usually  supposed.  Of  aU  the  13 
cases,  3  cUed.  Clinically  these  cases  were  marked  b}'  more  or  less 
well-developed  cyanosis. 

On  the  other  hand,  the  presence  of  chronic  nephritis  brings  great 
danger  in  regard  to  the  prognosis  of  pneumonia;  yes,  it  makes  the 
impression  upon  me  as  if  chronic  nephritis  even  favored  the  produc- 
tion of  pneumonia.  Among  my  1501  pneumonias,  22  cases  of  neph- 
ritis occurred;  of  these,  17  died. 

Pneumonia  occurred  four  times  in  patients  suffering  from  cirrhosis 
of  the  liver.     In  all  four  cases  the  exitus  letalis  occurred. 

The  occurrence  of  pneumonia  in  enteric  fever  has  given  rise  to 
much  discussion.  Hoffmann  in  particular  made  a  number  of 
thorough  im^estigations.  He  determined  that  in  enteric  fever  lobar 
pneumonia  most  frequently  occurs  at  the  acme  of  the  typhoid  pro- 
cess, or  at  the  beginning  of  convalescence.  It  usually  complicates  a 
well-developed  or  severe  enteric  affection,  with  extensive  alterations 
in  the  lymphatic  apparatus  of  the  intestine.  In  such  cases  the 
pulmonary  affection  is  a  very  unfavorable  complication,  as  it  usually 

*  Wien.  klin.  Woch.,  1899,  No.  13. 
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causes  a  decided  rise  of  temperature  and  the  result  is  more  apt  to 
be  unfavorable.     Nevertheless,  even  such  cases  frequently  recover. 

Besides  such  cases,  others  are  also  noted  in  which  the  pneumonic 
affection  de\-elops  early.  In  such  cases  the  bowel  affection  is  fre- 
quentl}-  not  very  well  de^'eloped.  Whether  such  cases,  which  have 
been  designated  pneumotyphus,  are  to  be  included  in  the  term 
enteric  fever,  must  be  decided  by  the  beha\dor  of  the  intestinal  canal. 
If  there  are  found  in  the  intestinal  canal  at  any  place  the  character- 
istic typhoid  changes,  even  if  only  very  shghtly  developed,  the  case 
in  question  must  midoubtedly  be  counted  as  enteric  fever;  should 
these  changes,  however,  be  absent,  and  the  course  of  the  affection 
resemble  enteric  fever  as  much  as  possible,  we  have  to  do  only  with 
a  pneumonia  running  a  typhoid  course,  not  ^^^th  a  case  of  pneumo- 
typhus  that  is  to  be  regarded  as  belonging  to  enteric  fever. 

According  to  om-  present  knowledge,  the  demonstration  of  typhoid 
bacilli  might  be  utilized  in  the  differentiation  of  these  conditions, 
which  is  perfectly  justifiable.  In  the  last-mentioned  group  of  cases, 
particularly,  the  presence  of  typhoid  bacilli  would  have  to  be  sub- 
stantiated to  prove  their  connection  with  enteric  fever.  More  easy 
w^ould  the  proof  be  if  the  diagnosis  of  enteric  fever  by  the  Widal 
serum  reaction  were  to  prove  practiable. 

Wagner  has  also  very  carefully  studied  the  occurrence  of  genuine 
croupous  pneumonia  in  enteric  fever.  In  regard  to  the  symptoma- 
tology he  emphasizes,  in  the  first  place,  in  complete  accord  with 
Griesinger,  that  these  pneumonias  not  very  rarely  are  ushered  in  by 
a  chill,  accompanied  by  marked  increase  in  the  fever.  Often  there  is 
marked  or  repeated  recurrence  of  a  flush  upon  the  cheeks.  The  other 
signs  are  the  usual  ones  of  croupous  pneumonia :  dulness,  bronchial 
breathing,  etc.  The  course  shows  the  same  characteristic  quick 
remissions  after  completed  exudation  as  belong  to  the  ordinary  genuine 
pneumonia.  Pneumonic  sputum  is  almost  always  missed  (not  expec- 
torated). Usually  the  pneumonia  arises  at  the  acme  of  the  enteric 
fever,  between  the  fourteenth  and  twentieth  days ;  more  frequently, 
perhaps,  during  the  period  of  defervescence  or  even  after  convalescence 
has  begun. 

"Up  to  the  present  day,  however,  the  existence  of  primary 
pneumotyphus  is  uncertain ;  that  is,  cases  in  which  after  several  days 
of  more  or  less  characteristic  sj^mptoms  of  pneumonia  the  phenomena 
of  an  ordinary  enteric  fever  arise,  at  one  time  with  slight,  at  other 
times  T\'ith  decided  development  of  the  specific  intestinal  affection,  " 
ssiYS  Wagner.  He  gives  a  complete  review  of  the  literature  in  rela- 
tion to  this  subject.  He  declares,  however,  that  it  has  not  been 
possible  for  him,  from  the  various,  iLsually  general  descriptions  of 
the  disease,  to  gain  an  insight  into  the  character  of  the  real  affec- 
tion. 

According  to  Liebermeister,*  the  pneumonias  which  arise  at  the 
acme  of,    or  in  the  beginning  of,  convalescence   from  enteric  fever 

*  Ziemssen's  "  Handbuch,"  2d  edition,  1876,  p.  180. 
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present  the  type  of  the  so-called  secondary  form.  They  usually 
manifest  themselves  by  an  increase  in  fever,  occasionally  by  chill,  or 
by  the  physical  phenomena  of  infiltration.  The  cough  is  frequently 
scarcely  increased;  characteristic  sputa  are  absent;  pains  are  not 
present  at  all  or,  if  present,  unimportant.  The  same  character  is 
shown  in  the  appearance  of  pneumonia  in  the  first  week  of  enteric 
fever. 

Leichtenstern  declares  that  the  cases  described  under  the  name 
pneumonia  typhosa,  as  well  as  those  described  first  by  Stoll  and  later 
by  Traube  and  Mosler,  as  pneumonia  hiliosa,  are  identical  with  the 
fprm  of  ''primary  asthenic  pneumonia"  which  he  has  described. 

I  concur  with  this  opinion.  Except  in  the  sense  of  a  pneumonia 
occurring  during  or  after  enteric  fever,  and  demonstrated  by  the 
presence  of  an  intestinal  lesion,  there  can  be  no  pneumotyphus.  The 
variety  characterized  by  tliis  name  belongs  in  the  pro\"ince  of  atypical 
pneumonia,  which  is  to  be  described  later  on. 

It  must  of  course  be  remembered  that  not  only  genuine  croupous 
pneumonia,  but  also  hypostatic  pneumonia,  may  occur  in  enteric  fever. 
For  the  diagnosis  of  these  two  forms  the  fact  may  be  used  that  the 
latter  usually,  although  in  unequal  intensity,  affects  the  two  lower 
lobes;  while  the  former  also  occur  in  the  upper  lobes. 

Difficulties  analogous  to  those  present  in  pneumotyphus  also 
develop  in  decicUng  the  question  whether  in  intermittent  fever  pneu- 
monia occurs  only  as  a  simple  complication  of  this  disease,  or  whether 
there  are  pneumonic  affections  which  represent  a  disease  analogous 
with  intermittent  fever.  Grisolle  and  Griesinger  have  treated  this 
question  explicitly.  The  latter  says:  "It  seems  that  there  are  really 
rare  cases  in  malarial  districts  that  properly  deserve  the  name  pneu- 
monia intermittens;  in  wliich  chill,  then  fever,  dyspnea,  bloody  sputa, 
crepitation  in  the  lung,  some  dulness  upon  percussion  of  the  thorax, 
develop;  where,  however,  with  the  perspiration  arid  with  the  marked 
remission  in  the  fever,  also  the  objective  symptoms  markedly  de- 
cline or  even  disappear.  In  a  daily  or  tertian  rhythm  these  attacks 
repeat  themselves;  \vith  every  paroxj^sm  the  infiltration  becomes 
plainer,  and  also  remains  in  the  interval.  After  four  or  five  paroxysms, 
as  a  rule,  the  patient  dies."  These  cases  are  said  to  affect  the  left 
lower  lobe  exclusively.  The  process  of  infiltration  follows  rhythmic- 
ally under  the  influence  of  the  cause  of  the  malarial  fever ;  it  may  be 
compared  to  the  affection  of  the  spleen,  in  which  the  swelling  at  first 
becomes  less  in  the  period  of  apyrexia,  and  after  several  attacks  re- 
mains permanently  enlarged.  The  process  can  only  be  determined  if 
it  becomes  possible  to  prove  true  intermissions,  or  very  strong  resem- 
blances to  such  conditions  in  a  simultaneous  endemic  or  epidemic. 
The  pneumonia  of  intermittent  fever  differs  from  those  rare  cases  of 
ordinary  pneumonia  which  are  not  caused  by  malaria,  which  are  inter- 
rupted by  remissions,  and  in  which  infiltration  occurs,  especially  by 
the  occurrence  of  chill,  which  always  introduces  the  paroxysm  of 
intermittent  fever,  but  which  is   absent  in  the  last-named  cases. 


CROUPOUS  PNEUMONIA.  501 

[Pneumonia  or  a  ])ncumococcus  infection  may  set  in  in  the  course  of 
malaria,  but  pnounionia  due  to  the  mahirial  parasite  is  unknown. — Ed.] 

Finally,  the  development  of  pneumonia  during  gestation  mast 
be  mentioned.  This  is  an  exceedingly  dangerous  complication.  In 
the  majority  of  cases  pregnancy  is  interrupted,  and  the  more  ad- 
vanced this  may  be,  the  more  dangerous  is  the  outcome.  Grisolle 
gives  a  collection  of  18  cases  of  j)regnancy  in  which  pneumonia  occurred. 
Two  of  these  alreatly  had  vah'ular  disease.  Thirteen  were  not  further 
advanced  than  the  sixth  month  of  their  pregnancy ;  of  these,  5  aborted 
upon  the  fourth,  fifth,  sixth,  ninth,  and  fifteenth  day  of  the  pneu- 
monia; three  of  these  died  a  few  hours  later.  The  five  women  who 
were  between  the  seventh  and  ninth  months  of  their  pregnancy  all 
died. 

According  to  the  experimental  investigation  previously  mentioned 
(p.  412), — which  proved  that  in  rabbits  in  which  pure  cultures  of  the 
bacteria  of  pneumonia  were  subcutaneously  injected,  abortion,  followed 
by  endometritis  and  peritonitis,  occurred, — it  may  be  assumed  that 
the  chief  danger  of  pneumonia  in  pregnant  women  depends  upon  an 
abortion  which  is  followed  by  a  puerperal  endometritis,  which  is  pro- 
duced by  the  pneumococci  in  the  blood  fincUng  their  way  to  the 
placental  site  in  the  uterus. 


DURATION  AND  TERMINATION  OF  CROUPOUS 
PNEUMONIA, 

The  duration  of  croupous  pneumonia  may  be  from  one  day  to  three 
wTeks ;  and  in  every  case  a  complete  restitutio  ad  integrum  may  occur. 
These  extraordinarily  great  differences  in  the  duration  of  the  affection 
are  nothing  new  for  any  one  who  has  frequently  had  occasion  to 
treat  pneumonia;  no  author  who  has  studied  the  laws  of  pulmonary 
infl.ammation  would  have  any  reason  to  object  to  this  statement. 
Naturally,  the  number  of  the  cases  which  terminate  in  the  earliest 
and  latest  periods  is  a  comparatively  small  one ;  perhaps  the  nmnber 
of  such  cases  which  terminate  in  the  first  two  or  three  days  by  crisis 
would  be  greater  than  is  usualh"  supposed  if  there  were  not  many 
physicians  who  are  very  skeptical  about  the  diagnosis  of  a  "one- 
or  two-  or  three-daj'  pneumonia"  because  they  have  had  the  oppor- 
tunity of  obser^-ing  the  disease  from  the  first  day  and  the  objective 
findings  are  not  positive. 

The  number  of  one-  to  two-day  pneumonias  which  have  been 
determined  with  certainty  is  therefore  small;  their  existence,  how- 
ever, cannot  be  questioned.  Thomas  has  described  three  cases  of  a 
two-day  duration.  Tophoff,  Baruch,  and  Bernhard  have  each  described 
a  case  of  a  similar  duration.  Leube  describes  two  cases  of  pneu- 
monia lasting  one  day.  Weil  had  an  opportunity  to  observe  such  a 
one-day  pneumonia  from  the  first  moment  of  its  development,  because 
from  the  onset  of  the  affection  the  patient  was  present  in  the  hospital. 
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The  pneumonia  ran  its  course  with  all  the  characteristic  symptoms, 
but  even  eight  days  later  crepitation  was  still  to  be  heard  over  the 
diseased  left  lower  lobe.  In  this  connection  Weil  gave  the  opinion 
that  such  pneumonias  with  one-day  fever  may  occur  more  frequently 
than  is  generally  supposed;  many  a  status  jebrilis,  many  a  febris 
ephemera,  whose  cause  cannot  easily  be  found  may  etiologically 
belong  in  this  group  of  pneumonias.  He  advises  also,  after  the  de- 
fervescence, at  a  time  in  which  the  general  condition  of  the  patient 
is  favorable,  to  examine  the  lungs  very  carefully.  An  increase  in  the 
respiratory  frequency,  with  slight  dulness,  a  few  rales,  or  the  sputum 
may  occasionally  give  the  proper  diagnosis,  and  prevent  the  physician 
from  making  the  diagnosis  of  jebris  ephemera  of  which  he  is  frequently 
ashamed.  [We  have  seen  one  case  of  two-day  pneumonia  with  all  the 
characteristic  symptoms  and  signs.  Bronchial  breathing  continued 
for  four  days  after  the  crisis. — Ed.] 

Wunderlich  counts  pneumonia  of  brief  duration  among  the  abor- 
tive variety.  Finkler  calls  them  rudimentary  pneumonias.  [Broad- 
bent  reports  a  case  with  abortive  crisis  and  premature  resolution  in 
forty-eight  hours.     The  toxemic  symptoms  were  very  severe. — Ed.] 

The  question  as  to  the  character  of  the  local  changes  which  are 
unquestionably  present  has  never  been  decided.  Above  all,  it  is 
certain  that  such  pneumonias  do  not  run  through  all  the  anatomic 
stages ;  even  the  development  of  red  hepatization  is  not  conceivable, 
because,  according  to  universal  experience,  this  cannot  be  completely 
developed  before  the  third  day. 

An  explanation  of  the  anatomic  process  in  rudimentary  pneu- 
monia was  not  possible  so  long  as  the  first  stage  of  pneumonia,  en- 
gorgement, was  supposed  to  be  due  to  a  hyperemia  of  the  alveolar 
capillaries,  with  a  subsequent  exudation  of  white  blood-corpuscles 
into  the  alveoli.  At  least  no  one  would  like  to  decide  that  the  hyper- 
emia alone  could  be  looked  upon  as  the  cause  of  the  disease,  and 
that  with  its  cessation  the  disease  terminates ;  an  emigration  of  white 
blood-corpuscles  at  the  beginning  of  the  disease  would  have  to  leave 
traces  which  could  not  disappear  so  rapidly.  The  correct  interpreta- 
tion of  the  process  must  be  based  on  the  fact,  determined  by  anatomic 
investigation,  that  the  affection  of  the  alveolar  epithelium  represents 
the  beginning  of  the  disease,  and  only  after  this  has  occurred  a 
capillary  hyperemia  takes  place.  During  the  stage  in  the  alterations 
of  the  alveolar  epithelium  depicted  in  Plate  4,  figure  1 — that  is,  the 
stage  of  swelling  of  the  epithelium,  possibly  with  the  escape  of  red 
blood-corpuscles  into  the  alveoli — the  process  may  undergo  regenera- 
tion within  a  few  days,  if  the  cause, — that  is,  Diplococcus  pneu- 
moniae,— from  any  circumstances  unknown  to  us,  loses  its  virulence. 

The  other  extreme,  excessive  duration  of  the  pneumonia,  or  at 
least  of  the  fever,  may  be  due  to  two  different  causes.  Either 
resolution  in  the  disease,  which  from  the  beginning  was  localized,  is 
delayed ;  or  other  portions  of  the  lung  are  attacked  in  addition  to 
the  part  originally  involved. 
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In  the  former  case,  when  the  inflammation  remains  hmited  to 
the  originally  tliseased  lobe,  the  excessive  duration  can  be  tenta- 
tively explained  on  the  supposition  that  the  inflammation  has 
extended  locally  in  the  form  of  an  abscess,  or  has  diff"used  itself  in 
the  interstitial  tissue,  without,  however,  completely  excluding  the 
possibility  of  recovery.  The  defervescence  under  these  circum- 
stances is  usually  by  lysis. 

The  second  cause,  the  subsequent  involvement  of  other  parts  of 
the  Imig,  before  the  first  part  affected  has  rim  through  the  cycle  of  the 
anatomic  stages,  is  the  more  frequent.  Such  terminations  of  pul- 
monary pneumonia  are  usually  designated  wandering  pneumonia, 
but  A\ith  this  no  exact  definition  is  given.  It  certainl}-  does  occur 
that,  for  example,  through  an  inflammation  of  the  right  lower  lobe, 
in  the  further  com'se  of  the  affection,  one  of  the  left  side  of  the  lung 
may  arise.  Here  no  wandering  of  the  inflammation  can  have 
occurred;  the  causes  of  the  disease  must  be  independent  local 
ones.  Yes,  the  question  might  even  be  asked  whether  in  the  later 
affection  of  a  lobe  adjacent  to  the  primarily  diseased  one,  the  con- 
ditions for  the  later  affection  were  not  originally  present  in  this 
lobe,  and  the  supposition  of  a  slow  advance  of  the  inflammation  is 
far  less  entitled  to  consideration  than  this  supposition.  It  at  least 
rendered  a  uniform  conception  possible,  whereas  the  supposition  of 
a  wandering  pneumonia  is  not  applicable  to  a  later  affection  of  a  lung, 
which  up  to  that  time  had  remained  intact. 

At  all  events,  as  the  proof  is  wanting  for  the  correctness  of  the 
proposed  question,  it  is  more  correct  not  to  designate  the  process 
a  pneumonia  migrans,  as  too  much  is  presupposed  with  this,  but  to 
designate  it  a  pneumonia  wdth  relapses. 

An  explanation  of  these  relapses  can  only  be  purely  hypothetic. 
It  must  be  based  upon  the  foimdation  that  the  process  which  has 
led  to  an  inflammation  of  the  lung  has  only  been  active  during  a 
certain  time.  If  this  process,  however,  at  the  onset  has  only  been  active 
at  one  place,  and  only  later  becomes  manifest  in  another  position, 
this  can  only  be  ascribed,  in  consideration  of  the  predisposition  existing 
in  the  latter  place,  to  the  fact  that  Diplococcus  pneumoniae  has  been 
delayed  in  developing,  in  consequence  of  the  influence  of  the  products 
of  metabolism  which  were  introduced  into  the  blood  from  the  origin- 
ally diseased  area.  I  am  led  to  this  assumption  by  some  observa- 
tions upon  the  retardation  of  the  action  of  specific  bacteria  present 
in  the  human  organism  by  the  simultaneous  presence  of  other  organ- 
isms of  greater  virulence.  I  have  several  times  seen  that  a  gonor- 
rhea, wMch  was  acquired  before  the  development  of  enteric  fever, 
only  became  noticeable  after  the  cessation  of  the  former  process. 

From  the  pneumonia  with  relapses  which  has  just  been  men- 
tioned recurring  pneumonia  is  to  be  differentiated.  This  has  given 
rise  to  many  explanations  which  have  had  for  their  object  the  de- 
scription of  an  exact  differentiation.  Ruge  has  given  very  explicit 
statements  in  reference  to  this.     I,  for  my  part,  think  that  the  defini- 
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tion  given  by  Wagner  is  the  best.  He  says:  ''If  the  lung,  after  an 
ordinary  croupous  pneumonia  involving  one  or  several  lobes,  be- 
comes normal  after  the  fever  has  terminated  by  crisis  or  lysis,  the 
patient  is  convalescent ;  and  if  at  least  three  days  to  several  weeks 
after  defervescence  a  new  infiltration  of  the  same  or  other  lobes  with 
all  the  characteristic  phenomena  of  a  local  and  general  nature  occur, 
a  relapse  has  without  question  taken  place."  Recurring  pneumonia 
is  undoubtedly  exceedingly  rare.  According  to  Grisolle,  it  usually 
takes  place  between  the  thirteenth  and  sixteenth  days  of  the  disease. 
[We  have  seen  a  relapse  at  the  end  of  five  days. — Ed.] 

A  more  prolonged  course,  but  one  which  nevertheless  may  ter- 
minate in  recovery,  is  delayed  resolution.  Leyden  has  described  this 
minutely.  He  says  that  in  old,  debilitated,  or  cachectic  individuals,  or 
in  patients  weakened  by  sequels,  occasionally  some  weeks  may  elapse 
before  the  infiltrated  parenchyma  of  the  lung  again  takes  up  air. 
In  such  a  case  it  is  only  a  question  of  weeks,  and  resolution  proceeds 
hand  in  hand  with  the  other  phenomena  of  convalescence.  There  are, 
however,  cases  in  which  the  pneumonia  runs  a  typical  course  and 
terminates  by  crisis,  but  in  which  no  resolution  occurs;  although  the 
patient  is  more  or  less  robust  and  gains  strength,  the  infiltration  never- 
theless remains,  not  for  weeks,  but  for  months.  The  pneumonia  there- 
fore terminates  in  permanent  infiltration  or  induration,  and  the  fear 
arises  that  a  restitutio  ad  integrum  will  not  occur  at  all,  and  that  a 
chronic  consolidation  or  a  caseous  pneumonia  will  develop  which  may 
lead  to  phthisis.  [Tuberculosis  does  not  follow  croupous  pneumonia. 
— Ed.]  If  one  follows  such  cases,  it  will  be  noted  that  they  retain  the 
physical  signs  of  an  infiltrated  lung  that  is  on  the  point  of  undergoing 
resolution  without  or  with  only  slight  modification ;  bronchial  breath- 
ing and  crepitant  rales  at  the  height  of  inspiration  remain ;  never  are 
there  moist  rales  of  large  caliber  or  any  signs  of  degeneration  of  the 
tissue  or  pus  formation,  and  no  retraction  that  can  be  noted  occurs. 
The  general  condition  is  satisfactory.  The  patient  gains  strength. 
Upon  careful  comparison  one  notes,  however,  no  matter  how  slowly, 
a  gradual  clearing  up  of  the  percussion  note,  and  in  some  few  isolated 
areas  the  return  of  the  respiratory  murmur  to  normal.  The  physi- 
cal signs  retain  the  type  of  a  very  gradual  resolution,  and  this 
decides  the  question.  The  sputum  also  retains  the  properties  belong- 
ing to  the  stage  of  resolution  of  pneumonia.  It  is  scanty,  greenish- 
yellow,  and  consists  of  small  plugs  or  balls  of  pus-corpuscles  and 
alveolar  epitheUum  which  has  undergone  fatty  degeneration. 

The  termination  in  chronic  pneumonia  [in  abscess  and  in  gangrene. 
— Ed.]  will  be  spoken  of  later,  in  a  section  devoted  to  that  purpose. 

More  frequently  than  this  is  the  production  of  diffuse  bronchiec- 
tasis as  the  result  of  pneumonia.  The  occurrence  of  this  sequel 
has  been  described  by  me  elsewhere,  and  by  Hoffmann  in  another 
part  of  this  collective  work. 
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MORTALITY  AND  DIRECT  CAUSES  OF  DEATH. 

The  mortality  of  croupous  pneumonia  is  due  to  a  great  number  of 
causes,  an  analysis  of  which  is  indispensable  if  appropriate  means 
are  to  be  devised  to  prevent  the  action  of  the  individual  factors. 
[Wells,  in  an  analysis  of  223,730  cases  collected  from  various  sources, 
found  a  mortality  of  18.1%.  The  hospital  mortahty  is  high — ranging 
from  20%  to  40%.  At  the  Presbyterian  Hospital,  Philadelphia,  the 
mortality  was  28.7%  in  195  cases;  Montreal  General  Hospital,  20.4% 
in  1012  cases;  Charity  Hospital,  New  Orleans,  38.01%,  in  3969  cases; 
Johns  Hopkins  Hospital,  25%  in  whites,  30%  in  colored;  Pennsyl- 
vania Hospital,  PMladelphia,  29%  in  704  cases;  Boston  City,  29.1%o 
in  1443  cases.  Townsend  and  Coolidge  show  by  an  analysis  of  1000 
cases  that  the  mortality  in  the  Massachusetts  General  Hospital 
was  a  little  over  10%,  and  that  the  death-rate  has  not  increased  in 
recent  years.  In  private  practice  Fassel  had  a  mortahty  of  17.9% 
in  134  cases;  and  R.  P.  Howard  (quoted  by  Osier),  of  6%  in  170 
cases. — Ed.]  One  cause  is  certainly  predominant  which  is  not  de- 
pendent upon  locality,  upon  season,  or  upon  the  incU^'idual.  But  its 
presence  can  only  be  determined  because  the  three  chief  conditions 
which  have  just  been  named  are  not  sufficient  to  explain  a  fact  that 
is  imdeniably  true,  and  is  brought  out  by  an  analysis  of  the  causes 
of  mortality.  This  fact  is  that  the  mortahty  of  pneumonia  varies 
greatly  in  different  years.  In  one  and  the  same  city,  in  one  and  the 
same  hospital  or  district,  in  persons  who  in  the  main  do  not  show  the 
sHghtest  difference  in  their  lining  conchtions  in  the  course  of  years, 
w^hen  the  pneumonia  is  treated  by  one  and  the  same  physician  in  the 
same  manner,  the  mortality  may  in  the  course  of  these  years  be  an 
astonishingh'  unequal  one.  Brandes  has  already  called  attention  to 
the  enormous  differences  in  the  mortality  in  separate  years,  although 
only  to  criticize  the  methods  of  treatment  in  \'ogue.  He  says 
verbatim:  "If  one  obtains  in  a  cUsease  by  the  use  of  the  same 
method,  in  one  year  a  mortality  of  5%,  in  the  next  year  a  mortahty 
of  31%,  this  shows  that  the  therapeutist  cannot  rely  on  statistics 
based  on  an  enormous  niunber  of  compiled  cases."  So  enormously 
great  the  differences  certainly  are  not.  If  one  deduct  the  cases  com- 
phcated  by  delirium  tremens,  then  for  the  most  unfavorable  year 
there  remains  a  mortality  of  but  26%.  Nevertheless  the  cUfference 
is  a  decided  one. 

In  the  2626  cases  of  pneumonia  treated  during  the  years  from 
1840  to  1855  in  the  statistics  of  Hiiss,  the  mortality  was: 

In  1851 among  242  patients  18;  or    7.43%. 

"1843 "        134         "         19;   "  14.17%. 

The  maximum  is  therefore  almost  twice  as  large  as  the  minimum. 
"The  onlv  conclasion  which  mav  be  drawm  from  these  differences  is 
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that  the  pulmonary  inflammations  which  occurred  in  one  year  were 
more  severe  than  those  which  occurred  in  other  years." 

According  to  Fraenkel's  and  Reiche's  reports,  there  died  in  the 
cases  treated  in  the  Hamburg  Hospital : 

In  1889.  .men,  36  =  19.0%;  women,  2=  5.3%;  together,  38  =  16.7%. 
"  1890  .  "  43  =  15.9%;    "   15  =  27.8%;    "    58  =  17.85%. 
"  1891  .  "  51  =  14.2%;    "   26  =  29.2%;    "    17  =  19.1%. 
"1892..  "  49  =  24.0%;    "   12  =  20.7%;    "    61  =  23.3%. 

Very  clearly  my  own  observations  illustrate  the  fact  of  the  very 
variable  mortality  in  special  years. 


Men. 

Women. 

Together. 

Of  These  There  Died  : 

There  were 
Treated  in: 

Men. 

Women. 

Together. 

Therefore  in 
percentage: 

1880         

74 
74 
67 
75 
66 
65 

101 

126 
63 
83 

123 
86 

118 
35 
34 
33 

7 
14 
13 
17 
10 
14 
15 
12 
18 
15 
25 
17 
31 
28 
15 
27 

81 

88 

80 

92 

76 

79 

116 

138 

81 

98 

148 

103 

149 

63 

49 

60 

8 

7 

13 

17 

6 

20 

20 

26 

13 

17 

15 

13 

14 

4 

7 

2 

3 
1 
3 
3 
5 
2 
2 
3 
5 
4 
5 
4 
4 
5 
2 

8 
10 
14 
20 

9 
25 
22 
28 
16 
22 
19 
18 
18 

8 
12 

4 

9.8 

1881    

11.3 

1882      

17.5 

1883          

21.7 

1884      

12.0 

1885-86  * 

1886-87   

25.3 
19.0 

1887-88   

20.3 

1888-89   

19.7 

1889-90   

24.4 

1890-91   

13.0 

1891-92  

17.14 

1892-93     

12.1 

1893-94      

12.6 

1894-95   

24.9 

1895-96   

6.6 

The  periodic  differences  become  even  more  conspicuous  if  I  add 
that,  especially  in  the  first  years,  a  completely  neutral  therapy  was 
used — no  alcohol,  no  quinin,  no  baths ;  and  with  this  the  most  favor- 
able mortality.  But  the  courage  to  continue  this  therapy  weakened 
from  year  to  year.  The  highest  mortahty  cannot  be  altogether 
explained  by  the  excessive  use  of  alcohol  in  the  form  of  Hungarian 
wine,  to  which  I  was  forced,  against  my  will,  by  the  pressure  of  pro- 
fessional opinion,  as  well  as  the  firm  belief  of  my  assistants,  who  had 
come  from  various  universities.  I  would  have  been  accused  of  the 
sin  of  omission  had  I  done  otherwise.  Only  after  the  experience  of 
the  years  from  1886  to  1888  I  limited  the  use  of  stimulants.  Under 
these  circumstances  nothing  else  remained  for  me  than  by  the 
method  of  exclusion  of  all  local,  seasonal,  individual  therapeutic 
influences  to  come  to  the  conclusion,  which  was  unquestioned  by  me, 
that  the  variation  in  mortality  in  the  separate  years  was  produced 

*  From  this  time  on,  the  enumeration  occurred  according  to  the  fiscal  year, — 
that  is,  from  the  1st  of  April  to  the  31st  of  March, — whereas  up  to  that  year  the 
calendar  year  was  used. 
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by  the  difference  in  the  strength  of  the  virulence  of  the  pneumococcus 
itself.  Such  an  assumption  can  of  course  receive  complete  confirma- 
tion only  by  a  positive  examination  of  a  periodic  difference  in  the 
virulence  of  every  special  kind  of  pathogenic  bacteria,  which  up  to 
this  time  has  not  yet  been  possible.  Clinical  observation  allows  us, 
however,  to  expect  such  a  confirmation  with  confidence. 

Of  great  importance  next  to  this  in  influencing  the  mortality  is 
age.  In  reference  to  this  there  exist  many  statistical  reports,  but 
many  of  them  are  entirely  worthless.  Either  they  have  been  col- 
lected from  the  civil  population  and  do  not  rest  exclusively  upon 
reports  by  physicians,  or  they  refer  to  hospitals  into  which  children 
and  certain  other  classes  of  individuals  are  not  admitted.  Even 
the  figures  of  so  careful  an  observer  in  pulmonarj^  inflammations  as 
Huss  do  not  allow  of  positive  deductions.  Among  2616  pneumonia 
patients,  children  up  to  the  fifth  year  of  life  have  not  been  noted ; 
between  the  fifth  and  tenth  years  only  9  were  noted;  there  were, 
however,  between  the  ages  of  twenty  and  thirty  1040.  The  report 
that  of  the  9  children  1  died — 11.1% — cannot  be  taken  as  conclusive. 

The  statistics  of  Fraenkel  and  Reiche  in  reference  to  age  are  of 
especial  value.  In  their  1130  cases  death  occurred  at  the  following 
ages : 

1-5    years  9 

6-10 '  "  

11-20  "  

21-30  " 

31-40  "  

41-50  "  

51-60  "  

61-70  "  

71-80  " 


9  times 

in    30 

cases 

=  30.0% 

2 

52 

=    3.84% 

11 

219 

=    5.0% 

31 

355 

=    8.7% 

57 

231 

=  24.7% 

53 

135 

=  39.3% 

28 

65 

=  43.1% 

15 

28 

=  53.6% 

13 

15 

=  86.7%, 

SHOWING  DEATH-RATE  OF  PNEUMONIA  AT  VARIOUS  AGES— 
PER   CENT.— (TTeZ^s.) 


Authority. 

—10 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70+ 

Bamberger 

26.3 

11.1 

3.0 

43.4 

26.5 
46.1 

10.0 

8.0 

4.0 
9.4 

49.2 

21.5 

3.1 

7.8 

2.2 

4.0 
1.4 
6.8 
2.4 

10.6 
3.1 

3.2 

13.3 

13.6 

48.9 

33.3 

10.9 

7.9 

4.0 

4.3 

14.0 

7.6 
2.8 
7.2 
6.0 
24.4 
18.5 
7.0 

5.2 
23.3 
18.0 
38.9 
53.3 
23.5 
15.1 

6.0 

5.0 
20.0 
17.2 
20.9 
11.4 
21.1 
10.5 
14.3 
25.3 

9.4 

7.0 
31.6 
33.3 
48.1 
70.7 
33.3 
23.7 
10.0 

7.3 
25.0 
10.5 
26.7 
21.7 
40.7 
26.8 
16.6 
29.2 
13.0 

35.0 
37.8 
40.0 
40.6 
66.6 
76.9 
26.9 
12.0 
12.2 
30.0 
11.1 
32.3 
24.0 
52.0 
33.3 
20.0 
55.0 
24.0 

40.0 
54.0 
63.0 
11.5 

50.0 

Biach      

56.6 

Chomel         

Derpmann 

21  2 

Doubleday 

56.2     50.0 

Franque  

Huss  

38.9     60.0 

Jiirgensen 

16.0     11.0 

Klinger 

Lepine    

17.8     10.7 
30.0     80.0 

Pause   

35.7     38.4 

Roth 

Schapira " 

Stechert  

26.7     60.0 
50.0  i  75.0 
66.6  i  66.6 

Stortz 

50.0     50.0 

Swett 

Townsend  and  CooHdge 

25.0       .  . 
46.9     66.7 

WeUs 

37.0     53.0 
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These  tables  in  the  most  important  points  coincide  with  my  findings : 


Men. 

Wo- 
men. 

To- 
tal. 

Fatal  Cases. 

Men. 

Wo- 
men. 

Total. 

Percentage. 

Up   to    5  years 

35 

22 

256 

372 

229 

172 

69 

68 

22 

24 
77 
65 
30 
23 
14 
23 

57 

46 

333 

437 

259 

195 

83 

91 

11 
0 
5 

30 

40 
48 
30 
38 

3 
0 
6 
9 

7 

5 

7 

14 

14 
0 
11 
39 
47 
53 
37 
52 

24.4 

10      "       

0.0 

"       20      "         

3.3 

"       30      "             

9.0 

"       40      "       

18.1 

50      "       

37.0 

60       "       

44.5 

Over     60      "       

57.0 

It  is  conclusively  proved  by  both  these  tables  that  the  mortality 
steadily  increases  from  the  sixth  year  to  old  age.  Conspicuously 
favorable  is  the  outcome  of  the  affection  between  the  fifth  and  tenth 
years  of  life,  whereas  under  the  fifth  year  the  prognosis  is  extremely 
unfavorable.  I  was  disposed  to  assume  that  in  former  years  some 
cases  that  terminated  fatally  up  to  the  fifth  year  of  life,  and  upon 
which  I  held  an  autopsy,  were  cases  of  catarrhal  pneumonia,  and 
that  I  regarded  them  as  cases  of  croupous  pneumonia  on  account  of 
their  lobar  extension,  but  the  conspicuous  coincidence  of  my  reports 
with  those  of  Fraenkel  and  Reiche  entitles  me  to  drop  this  suspicion. 

Several  reasons  have  contributed  to  the  contradiction  existing 
in  the  views  in  reference  to  the  danger  or  harmlessness  of  pneumonia 
in  childhood.  What  value  can  numbers  have  in  reference  to  the 
prognosis  of  pneumonia  in  children  if  the  statistics  include  all  cases 
up  to  the  twentieth  ( !)  year  of  life,  whereas,  to  be  of  value,  at  least 
the  first  lustrum  of  life  should  be  separated  from  the  second,  or 
even  each  year  up  to  the  tenth  should  be  considered  by  itself. 
Thomas  has  added  up  the  reports  of  twelve  authors,  all  of  whom 
showed  very  favorable  results.  Three  of  these  counted  up  all  their 
cases  up  to  the  tenth  year  of  life,  three  up  to  the  fifteenth,  three  up 
to  the  twentieth  year,  and  upon  this  built  their  conclusions  as  to 
the  favorable  course  of  the  affection  in  childhood.  In  three  of  the 
twelve  authors  mentioned  exact  reports  are  missing  altogether. 

My  reasons  for  refusing  in  spite  of  this  to  accept  the  above 
statistical  reports  in  reference  to  the  mortality  up  to  the  fifth  year 
of  life  as  generally  applicable  are  based  on  my  observations  in  private 
practice.  Unfortunately  I  have  no  exact  notes  on  which  to  base 
a  statistical  report.  I  can  only  say  that  in  my  private  practice 
I  have  had  much  more  favorable  results  in  children  of  the  previously 
mentioned  age.  I  am  under  the  impression  that  the  prognosis  is 
more  favorable  in  children  treated  in  the  hospital,  on  account  of 
previous  unfavorable  conditions  in  reference  to  nutrition. 

Great  influence  upon  the  mortahty  is  ascribed  to  the  sex  of  the 
patient.  Grisolle^^^  maintains,  with  Briquet,  that  the  mortahty  in 
women  is  doubly  as  great  as  in  men.     He  ascribes  this  fact  partly  to 
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the  greater  average  age  of  the  affected  women.    An  analogous  condition 
as  to  mortality  in  women  is  seen  from  the  reports  of  Geissler. 

Of  347  men,     62  died;  or  17.9%. 
Of  78  women,  25  died;  or  32.5%- 

The  figures  of  Huss  likewise  speak  for  a  greater  mortality  among 
females,  although  not  in  such  a  high  degree : 

Of  2187  men,     219  died;  therefore  10.01%. 
Of  429  women,    62  died;  therefore  14.45%. 

My  own  figures  force  me  to  the  opinion  that  the  mortahty  among 
females  is  not  greater  than  among  males.  In  reference  to  this  point 
statistics  may  be  regarded  as  absolutely  conclusive  if,  as  in  my  case, 
they  are  based  on  a  large  number  of  cases,  and  the  mortality  in 
the  female  sex  is  not  found  to  be  higher  than  in  males.  This  mast 
then  be  sufficient  to  prove  that  there  must  be  other  reasons  than  sex 
in  producing  differences  in  mortality. 

Of  1501  cases  of  pneumonia,  253  died;  or  16.8%. 
Of  1223  men,  202  died;  or  16.5%. 

Of  278  women,  51  died;  or  18.0%. 

These  figures  receive  valuable  support  from  the  comprehensive 
statistical  investigation  of  v.  Ziemssen.  According  to  his  count, 
which  includes  the  statistical  reports  of  different  countries  from 
1839  to  1856,  the  percentage  of  females  in  the  mortality  of  pneu- 
monia w^as : 


In  Paris. 

48.1% 


IX  COPEXHAGEX. 

41.1% 


IX  HAilBURG. 

43.4% 


Ix  Zurich. 
51.1% 


In  Berlix. 
43.9% 


TABLE  SHOWING  COMPARATIVE 

SEXES.— 

MORTALITY 

OF 

PNEUMONIA 

BY 

Males. 

P 

KM  ALES. 

Total. 

Obser%t;b. 

p 

1 

^ 

1 

a 

^ 

i 

^ 

Berlin  Charite 

Biach 

453 

8,247 

313 

364 

2,259 

3,981 

5,467 

52 

794 

86 

548 

199 

724 

71 

295 

90 

1,707 

38 

28 

29  i 

831 

1,149 

15 

132 

14 

95 

23 

182 

7 

41 

20.0 
20.7 
12.5 
6.7 
12.9 
20.9 
21.0 
29.0 
16.6 
16.2 
17.3 
10.6 

25.0 
10.0 
14.3 

114 

3,195 

70 

297 

451 

2,009 

2,475 

23 

352 

83 

108 

87 

276 

10 

203 

26 

959 

22 

41 

84 

610 

795 

3 

81 

12 

33 

22 

68 

2 

40 

23.0 
30.0 
32.0 
12.1 
18.6 
30.4 
31.1 
13.3 
23.0 
14.4 
30.6 
25.3 

25.0 
20.0 
19.7 

567 

11,442 

383 

661 

2,710 

5,990 

7,942 

75 

1,146 

169 

656 

286 

1,000 

81 

498 

116 

2,666 

60 

69 

375 

1,441 

1,944 

18 

213 

26 

128 

45 

250 

9 

81 

20.5 
24.2 

Chomel      

15.6 

Dietl    

10.4 

Huss 

13.8 

Huss,  Vienna  cases  . 
Jvirgensen    

24.5 
24.9 

Louis    

24.0 

Munich  Hospital  .  .  . 
Pause 

18.5 
15.3 

Stecher  

19.5 

Stortz 

25.7 

Townsend  and  Coo- 
lidge 

25.0 

Waller   

11.1 

Wells   

16.4 

Totals  and  averages 

23,853 

4,643 

19.4 

9,753 

2,798 

28.7 

33,606 

7,441 

22.1 

*  "  On  Mortality  of  Pneumonia,"  Wells,  Jour.  Amer.  Med.  Assoc,  1890. 
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If  we  examine  the  local  conditions  that  influence  the  outcome  of 
the  disease,  one  of  the  first  points  to  be  taken  into  consideration  is 
the  location  of  the  pneumonia.  According  to  Auenbrugger  and 
Corvisart,  left-sided  pneumonias  are  more  unfavorable  than  right- 
sided  ones.  Briquet  beheves  that  the  contrary  is  true.  Grisolle 
has  noted  no  differences  in  the  two  sides  in  reference  to  the  influence 
upon  the  mortality. 

We  are  no  better  off  in  deciding  the  question  whether  pneumonias 
of  the  upper  lobes  are  more  dangerous  than  those  in  other  parts  of 
the  lung.  Andral  and  Grisolle  beUeve  that  the  former  are  more 
dangerous;  Briquet  does  not  believe  that  they  have  any  especial 
influence  upon  the  mortality. 

In  regard  to  the  two  questions,  the  prognostic  influence  of  the 
right  side  as  compared  with  the  left,  and  the  upper  as  compared 
with  the  lower  lobes,  a  tabular  arrangement  of  my  253  deaths  shows 
the  f oflowing  distribution  of  the  pneumonic  lesion : 

Lobe.  Men.  Women.  Total. 

R.  L 33  6  39 1 

K?iobes::.:::;::::::::  il        t       ^^20=47.0%. 

R.  lung  entire 32  6  38  J 

L.  Lower 34  3  37  ) 

L.  U 6  1  7^68  =  26.8^. 

L.  lung  entire 17  7  24  j 

Both  lungs ^  2?  J^      ^^  =  26.2%. 

Total 202  51  253 

In  the  19  cases  in  which  only  two  lobes  upon  the  right  side  were 
diseased  the  inflammation  was  distributed  as  follows : 

E.  2  Lobes.                                                         Men.  Women.  Total. 

R.  U.  plus  middle 13                     2  15 

R.  L.  plus  middle 4                     3  7 

R.  U.  plus  R.  L ^                    0  _2 

Total 19                     5  24 

The  right  upper  lobe  was  affected  in  19  cases  =    7.5%. 

The  left  upper  lobe  was  affected  in      7  cases  =    2.8%. 

Total,    .26  cases  =  10.3%. 

Analysis  of  the  fatal  cases  alone  shows  a  decided  preponderance 
in  favor  of  the  right  side,  but  the  difference  appears  very  much 
smaller  when  the  number  of  right-sided  pneumonias  is  compared 
with  the  total  number  of  cases.  Whereas  in  189  cases  the  inflam- 
mation was  present  upon  both  sides,  the  right  side  was  affected  782 
times  and  the  left  570. 

In  782  right-sided  pneumonias  there  were  120  deaths  =  15.3%. 
In  530  left-sided  "  "         "       68  .     "       =  12.8%. 

From  this  it  would  appear  that  right-sided  affections  are  in  them- 
selves more  dangerous. 

The  upper  lobe  alone  was  attacked : 

145  times  upon  the  right  side  with  19  fatal  cases;  or  14.0%  ; 
57     "       left-sided,  "       7  fatal  cases;  or  12.3^ ; 
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giving  such  a  slight  difference  that  no  importance  can  be  attached  to 
this,  especially  in  view  of  the  comparatively  small  number  of  cases. 

Of  muiuestioned  influence  upon  the  mortality  are  some  affections 
which  have  been  present  prior  to  the  pneumonia. 

As  may  be  inferred  from  previous  remarks  in  reference  to  affec- 
tions which  may  ha\'e  been  present  prior  to  the  occurrence  of  pneu- 
monia, chronic  ncphi^ilis  and  cirrhosis  of  the  liver  almost  invariably 
liaA'e  a  very  unfa^•orable  influence  upon  the  prognosis.  Valvular  dis- 
ease of  the  heart  is  exceedingly  dangerous.  It  does  not,  however, 
exclude  a  favorable  outcome.  The  same  is  true  of  scoliosis.  Preg- 
nancy is  one  of  the  most  dangerous  complications;  the  danger  is 
the  greater  the  nearer  the  patient  is  to  the  normal  termination  of 
pregnancy.  The  contractions  of  the  uterus  which  lead  to  abortion 
or  to  premature  birth  usuall}^  occur  upon  the  third  or  fourth  day  of 
the  disease  (Klautsch).  Delirium  tremens  also  increases  the  mortality. 
It  is,  however,  more  favorably  influenced  by  proper  therapeutic  meas- 
ures than  any  other  complication. 

The  prognosis  of  contusion  pneumonia  has  been  given  variously. 
According  to  Litten,  it  runs  a  course  similar  to  that  of  an  ordinary 
spontaneous  attack  and  does  not  give  an  unfavorable  prognosis. 
Paterson,  on  the  other  hand,  in  five  cases  of  traumatic  pneumonia 
had  three  deaths. 

In  addition  to  these  conditions  which  influence  the  mortality  from 
the  beginning,  there  are  certain  symptoms  produced  by  the  pneu- 
monic affection  itself  which  affect  the  prognosis. 

A  prodromal  period  lasting  several  days,  combined  \\dth  nausea, 
makes  the  prognosis  questionable  (Grisolle). 

High  fever,  especially  in  the  morning,  if  it  amounts  to  40°  C.  (104° F.) 
and  lasts  more  than  seven  days,  is  serious. 

A  pidse-rate  greater  than  120  per  minute  is  unfavorable. 

Severe  bronchial  catarrh,  and,  as  an  accompaniment  of  this  con- 
dition, marked  cough  which  disturbs  the  night's  rest,  with  severe  pains 
in  the  side,  have  an  unfavorable  influence  upon  the  outcome  of  the 
affection  if  the  sjTnptoms  cannot  be  checked;  fortunately  it  is  usually 
possible  to  do  so. 

The  occurrence  of  herpes  in  the  course  of  pneumonia  is  said  to  be 
favorable;  the  exact  investigations  of  Geissler  seem  at  first  sight  to 
substantiate  this  opinion.     His  analysis  shows  that : 

Of  421  patients 87,  or  20.70%,  died. 

Of  182  with  herpes 17,  or    9.30%,  died. 

Of  239  without  herpes 70,  or  29.30%,  died. 

The  result,  however,  is  different  if  one  considers  the  occurrence 
of  herpes  in  men  and  women: 

Of  156  men  with  herpes     10,  or    6.45%,  died. 

Of  27  women  with  herpes 7,  or  25.00%,  died. 

Further,  from  the  report  of  Geissler,  the  great  frequency  of  herpes 
occurring  in  the  first  period  of  life  is  seen  (50%  of  herpes  in  child- 
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hood;  as  opposed  to  43%  between  the  ages  of  fifteen  and  thirty,  in 
his  total  of  421  cases).  In  childhood,  however,  he  had  a  very  slight 
mortahty — 6.54%. 

We  must  conclude  that  herpes  in  itself  cannot  be  looked  upon  as  a 
favorable  sign  in  prognosis  and  that  it  occurs  mostly  in  childhood, 
when  the  prognosis  in  itself  in  pneumonia  is  more  favorable. 

To  make  use  of  the  condition  of  the  blood,  especially  leucocytosis, 
as  a  prognostic  sign,  is  not  possible.  [It  is  now  believed  a  leucopenia 
is  an  indication  of  a  very  grave  case.  (See  Leucocytosis.) — Ed.] 
Although  the  number  of  the  white  blood-corpuscles  in  comparison  to 
the  red  rises  ^dth  the  increase  in  the  fever,  Halla,  Rieder,  v,  Jaksch 
[and  Osier. — Ed.],  have  especially  noted  in  the  cases  which  terminate 
fatally  a  decided  diminution  of  the  leucocytes.* 

The  occurrence  of  pneumococci  in  the  blood,  according  to  Kohn, 
is  to  be  looked  upon  as  an  unfavorable  prognostic  omen.  Among  32 
cases  of  pneumonia  he  found  pneumococci  9  times  by  means  of  punc- 
turing a  vein  of  the  arm.  Of  these  9,  7  died;  2  recovered,  however, 
one  after  a  pyemia  mth  metastatic  abscesses,  and  the  other  after  an 
empyema. 

Finally,  the  fact  which  is  readily  understood,  that  danger  to  life 
increases  with  the  extent  of  pneumonic  consolidation,  must  be  men- 
tioned. It  might  be  added  that  this  is,  strange  to  relate,  not  true  to 
the  extent  one  might  suppose  a  priori.  Recoveries  from  pneumonia 
of  an  entire  lung,  and  even  a  lobe  of  the  other  lung,  do  not  belong  to 
the  curiosities  of  this  affection.  The  fact  mentioned  above,  that  in 
3  fatal  cases  both  lungs  were  entirely  consolidated, — only  a  part  of 
the  upper  lobe  contained  air, — proves  how  long  life  may  exist.  Nat- 
urally, in  cases  that  run  a  favorable  course  it  must  always  be  sup- 
posed that  some  parts  of  the  lung  which,  according  to  the  clinical 
examination,  are  supposed  to  be  completely  devoid  of  air,  have  still 
been  able  to  carry  on  an  interchange  of  gases. 

If,  however,  the  fatal  outcome  is  to  be  referred  to  the  lungs 
themselves, — wliich  in  a  part  of  the  cases  is  imdoubteclly  correct, — 
it  is  due  in  the  majority  of  cases  to  the  edema  which  affects  those 
parts  of  the  lung  that  are  not  implicated  in  the  pneumonic  in- 
filtration. I  pass  over  the  earlier  opinions  in  reference  to  the  pro- 
duction of  edema  of  the  lungs,  because  they  have  little  value.  I 
shall  only  mention  the  investigations  of  Ri^^alta,  which  would  have 
especial  value  if  they  were  confirmed  by  other  investigators.  Of 
52  cases  terminating  fatally,  in  which  an  autopsy  was  performed, 
edema  of, the  lungs  occurred  33  times,  or  in  65%  of  the  cases;  22 
times  the  edema  was  present  in  the  entire  lung ;  6  times  at  the  base 
of  one  lung;  twice  at  the  base  of  both  lungs,  and  three  times  in  an 
upper  lobe.  In  the  edematous  parts  Rivalta  constantly  found 
Fraenkel's  diplococcus  in  large  numbers,  and  almost  exclusively  in 
pure  culture.     In  addition,  a  number  of  the  alveoli  presented  a  con- 

*  See  case  of  relapsing  lobar  pneumonia  with  absence  of  leucocytes,  Stockton, 
Phila.  Med.  Jour.,  1898. 
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dition  of  acute  edema  analogous  to  a  beginning  exudation,  which  was 
due  to  the  mixture  of  red  and  white  blood-corpuscles  with  desquam- 
ated epithelium.  I'pon  the  basis  of  this  Rivalta  declares  that  the 
edema  in  ])ulmonary  inflanunation  is  due  to  the  diplococci,  which 
cause  an  inflammatory  acute  edema. 

The  causa  proxima  of  the  fatal  outcome  in  an  overwhelming  pro- 
portion of  cases  is  the  gradual  loss  of  power  in  the  heart.  "  Patients 
Avho  die  of  pneumonia  are  killed  by  cardiac  insufficiency,"  says  v, 
Jiirgensen.  This  assumption  he  bases  upon  the  following  facts:  (1) 
The  pneumonic  exudation  increases  the  resistance  in  the  lesser  cir- 
culation and  in  this  way  throws  an  increased  amount  of  work  on  the 
right  ventricle;  (2)  the  changes  produced  by  pneumonia  at  and  in 
the  lung  produce  a  diminution  of  the  movement  of  the  blood  through 
these  organs,  especially  as  a  part  of  the  normal  power  of  the  circu- 
lation disappears,  and  thus  prevents  the  expansion  of  the  soimd  lung, 
whereas  just  those  parts  of  the  surface  of  the  lung  which  have  been 
diminished  by  the  pneumonic  exudate  require  greater  power  to  force 
on  the  blood  for  the  necessary  interchange  of  gases  to  occur. 

"The  fever,  however,  brings  the  disturbances  locally  produced  by 
the  pneumonia  to  the  surface.  It  increases  the  action  of  the  heart, 
while  at  the  same  time  it  direct!}-  injures  the  viscus,"  v.  Jiirgensen 
adds. 

Now,  the  statement  that  the  final  outcome  of  pneumonia  is  to  be 
attributed  to  insufficienc)''  of  the  heart  is  unquestionably  correct,  but 
the  assumption  that  the  fever  is  the  cause  of  the  cardiac  insufficiency 
cannot  be  taken  as  final.  Against  this  the  following  facts  mast  be 
noted : 

In  the  first  place,  the  degeneration  of  the  muscle  of  the  heart — 
w^hich  V.  Jiirgensen,  \\dth  Zenker  and  Liebermeister,  looks  upon  as 
the  result  of  the  fever — need  not  at  all  be  conspicuous,  even  if  death 
in  pneumonia  has  occurred  under  symptoms  of  cardiac  insufficiency. 
Further,  death  may  have  occurred  mth  the  phenomena  of  cardiac 
insufficiency,  even  if  the  fever  has  not  been  conspicuously  high.  Just 
so  in  other  diseases,  a  very  decided  degeneration  of  the  heart  muscle 
may  occur  with  slight  or  even  absence  of  fever.  Finally,  other  dis- 
eases may  be  characterized  b}'  greater  fever  of  much  longer  duration, 
— for  example,  enteric  fever, — and  stiU  do  not  give  rise  to  the  assump- 
tion that  carcUac  insufficiency  is  as  frequent  a  cause  of  death  as  it  is 
in  the  case  of  pneumonia. 

Lately  Bollinger  has  given  expression  to  the  \-iew  that  the  collapse 
phenomena  occurring  at  the  time  of  crisis  in  croupoiLS  pneumonia, 
and  the  lethal  cardiac  insufficienc}^,  are  particularly  due  to  oligemia, 
which  leads  to  insufficient  nourishment  of  the  already  febrile  weak- 
ened heart ;  the  simultaneous  anemia  of  the  brain  may  also  give  rise 
to  disturbances  of  innervation  of  the  heart  muscle  which  have  an  un- 
favorable influence. 

In  reference  to  the  production  of  oligemia  in  pneumonia  with  a 
plentiful  exudate,  he  declares,  upon  the  basis  of  pathologic-anatomic 
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investigations,  that  the  former  is  due  to  the  vascular  inflammatory 
exudate  which  develops  in  the  course  of  a  few  days  similar  to  an  in- 
ternal hemorrhage.  The  action  of  the  pneumococci  upon  the  pul- 
monary exudate  may  be  likened  to  venesection,  which  in  a  few  days 
may  take  from  the  blood  large  quantities  of  important  constituents. 
That  the  fatal  outcome  of  pneumonia  occurs  so  comparatively  early, 
and  almost  always  in  the  same  stage  (between  the  sixth  and  eighth 
days,  corresponding  to  the  transition  period  from  red  to  gray  hepati- 
zation), is  probably  due  to  the  fact  that  the  exudate  must  reach  a 
certain  maximum,  with  which  life  is  no  longer  compatible;  that  at 
the  same  time  the  fever,  and  the  infection  and  intoxication  which 
accompany  it,  are  important  prognostic  factors,  is  readily  under- 
stood. 

In  answer  to  this  view  it  is  to  be  observed  that  the  explanation 
of  cardiac  insufficienc}^  by  the  escape  of  blood  into  the  alveoli  of  the 
lung,  as  in  copious  venesection,  is  not  compatible  with  clinical  ob- 
servation. In  pneumonia  there  is  no  symptom  comparable  to  the 
signs  of  blood  loss  in  other  febrile  affections ;  for  example,  with  acute 
hemorrhage  from  ulcers  of  the  bowel  in  enteric  fever. 

According  to  m}^  opinion,  the  mifavorable  influence  upon  the  heart, 
as  in  many  other  severe  febrile  infectious  diseases,  is  due  to  the  action 
of  poisons  produced  by  bacteria  which  reach  the  heart  muscle  through 
the  blood  stream.  [The  toxemia. — Ed.]  The  uniformly  injurious 
effect  upon  the  heart  of  various  infectious  diseases  forces  me  to  this 
explanation.  That  the  effect  varies  much  in  intensity  is  due  to  the 
condition  of  the  heart  muscle  itself.  Pre\dous  conditions  of  weak- 
ness of  the  myocardium  influence  the  outcome  of  the  disease  in  an 
especially  high  degree. 

[In  fact  the  cause  of  death  in  pneumonia  in  healthy  subjects  is 
usually  either  the  simultaneous  infection  of  other  organs,  as  the  men- 
inges, the  endocardium  and  pericardium,  the  pleura,  and  other  struc- 
tures with  the  pneumococcus ;  or  a  toxemia,  the  degree  of  which  de- 
pends not  alone  upon  the  extent  of  lung  involved  or  of  other  struc- 
tures invaded,  but  upon  the  virility  of  the  infection  and  the  condition 
of  the  patient.  A  pneumococcus  septicemia  is  induced.  This  toxemia 
is  indicated  by  nervous  symptoms,  as  in  the  typhoid  state,  by  pro- 
gressive cardiac  weakness,  and  by  diarrhea  and  meteorism.  Heart 
failure  may  be  induced  by  this  toxemia  or  by  overdistention  of  the 
right  heart.  Death  from  mechanical  interference  with  respiration 
is  very  rare. — Ed.] 

DIAGNOSIS  OF  PNEUMONIA, 

A  number  of  other  afi'ections  may  render  the  diagnosis  doubtful, 
depending  on  the  time  of  the  appearance  of  the  individual  symptoms 
in  the  course  of  the  disease. 

If  the  pneumonia  develop  gradually,  and  only  an  indistinct  sen- 
sation of  malaise  precedes,  there  can  of  course  be  no  question  of  a 
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diagnosis.  I']ven  if  some  cough  should  occur,  the  situation  would 
not  be  especially  cl(\ired  uj).  The  fact  that  bodily  exertion  or  the 
influence  of  unfavorable  weather  conditions  have  ])receded,  or  both 
together,  requires  notice;  but  in  this  connection  it  is  to  be  remem- 
bered that  under  these  circumstances,  just  as  well  as  without  any 
preceding  injury,  a  general  feeling  of  malaise  combined  with  cough, 
pointing  to  a  disease  of  the  lung,  need  not  necessarily  l)e  a  croupous 
pneumonia,  but  it  may  also  be  the  beginning  of  an  acute  [tubercu- 
lous.— Ed.]  infiltration  of  the  apices  of  the  lung  or  even  of  a  miliary 
tuberculosis.  In  all  these  conditions  there  is  slight  fever,  frequently 
with  chilliness,  and  genei'al  sensations  of  malaise.  In  miliary  tuber- 
culosis of  the  lung,  as  in  croupous  pneumonia,  the  fever  may  show 
acute  decided  rises,  and  both  the  morning  and  the  evening  tempera- 
tures may  be  persistently  high,  wdth  only  a  slight  morning  remis- 
sion. In  favor  of  crou]jous  pneumonia  "would  be  the  onset  with  a 
decided  chill,  introducing  the  rise  in  temperature,  but  only  the 
subsequent  course,  esi)ecially  the  appearance  of  characteristic  phe- 
nomena over  the  bases,  would  give  certainty  to  the  diagnosis. 
Should,  however,  the  disease  arise  in  an  upper  lobe,  the  most  char- 
acteristic symptoms,  such  as  rusty  sputum,  marked  dulness,  and 
bronchial  breathing,  may  be  absent  and  make  the  diagnosis  all  the 
more  difficult.  If  \\e  have  to  do,  then,  wdth  an  acute  miliary  tuber- 
culosis, the  ordinary  very  stormy  course  with  conspicuous  incon- 
stancy and  incongruity  of  the  objective  findings  over  various  parts 
of  the  lung  are  of  especial  importance ;  the  further  course  of  the 
affection  brings  the  sad  explanation.  But,  on  the  contrary,  a  pneu- 
monia of  the  upper  lobe  beginning  gradually,  with  slight  irregular 
fever  and  absence  of  pneumonic  sputum,  may  be  mistaken  for  a 
tubercular  infiltration.  I  have,  in  the  course  of  my  hospital  practice, 
noted  several  cases  in  which  the  diagnosis  of  "  tubercular  infiltration 
of  the  apices  of  the  lung  "  had  to  be  made,  in  spite  of  the  absence  of 
tubercle  bacilH.  Only  in  the  last  3^ears  was  it  possible  for  me  in  a 
few  cases  of  this  kind  to  make  a  provisional  diagnosis  of  "croupous 
pneumonia  of  the  upper  lobe, "  and  to  find  it  confirmed  by  the  fact  that 
the  patients  were  discharged  cured  and  able  to  carry  on  their  w^ork. 
[Elastic  tissue  and  tubercle  bacilli  in  the  sputum  will  decide  the 
diagnosis,  although  they  may  not  be  found  until  late  in  tuberculo- 
pneumonic  phthisis. — Ed.]  If  anywhere,  then  here  in  these  processes, 
which  are  so  exceedingly  difficult  to  differentiate,  it  is  necessary  for  the 
diagnosis  to  lay  stress  upon  the  history  of  the  patient,  and  not  to 
neglect  this  for  objective  methods  of  investigation.  A  good  history 
is  half  the  diagnosis,  occasionally  the  entire  diagnosis. 

[Recent  studies  show  that  valuable  aid  in  the  diagnosis  of  pneu- 
monia can  be  obtained  by  a  study  of  the  leucoc^^tes,  by  the  diaphragm 
phenomena,  by  the  use  of  the  x-rays,  and  b}''  the  finding  of  pneu- 
mococci  in  the  blood  or  inflammatory  products.  An  absence  of  leuco- 
cytosis  is  ver}^  strong  negative  evidence  that  pneumonia  does  not 
exist,  unless  in  the  ver}-  mild  form  or  in  the  opposite  condition  where 
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there  is  extreme  toxemia.  Cabot  states  that  in  acute  tuberculous 
pneumonia  an  increase  of  white  cells  may  be  found,  although  not 
invariably  so.  The  x-rays  indicate  the  presence  of  consolidation  by 
the  darkened  lung,  the  restriction  of  the  movements  of  the  diaphragm, 
and  by  the  displacement  of  the  heart. 

The  diaphragm  phenomena  enable  one  to  distinguish  between 
consolidation  of  the  lungs  and  affections  of  the  hver  and  subdia- 
phragmatic abscess. — Ed.] 

If  vomiting  usher  in  the  pneumonia,  which,  on  the  whole,  is  rare 
without  chill,  the  diagnosis  cannot  longer  remain  in  doubt.  Although 
in  other  acute  affections,  especially  in  scarlet  fever,  in  the  various 
forms  of  meningitis  [in  appendicitis. — Ed.],  vomiting  may  open  the 
scene,  and  fever,  as  in  pneumonia,  immediately  follow  the  vomiting, 
and  also  increase  rapidly  to  the  same  degree,  the  objective  pheno- 
mena in  such  cases,  even  if  they  do  not  begin  with  a  stitch  in  the 
side,  appear  inside  of  the  first  twenty-four  hours,  and  are  sufficiently 
plain  to  make  certain  of  the  case  if  one  does  not  neglect  to  carefully 
examine  the  lungs; 

That  convulsions  in  children  may  represent  the  onset  of  pneumonia 
is  a  fact  which  must  be  remembered.  The  frequency  of  these  convul- 
sions is  slight  compared  to  convulsions  due  to  other  causes,  but  the 
acuteness  of  the  physician  who  bears  this  connection  in  mind  shows 
itself  here  in  its  best  light.  If  no  other  disease,  especially  an  acute 
g astro-intestinal  catarrh,  which  occasionally  may  give  rise  to  fatal  con- 
vulsions, or  inflammation  of  the  kidneys,  has  preceded,  it  is  necessary, 
in  the  first  place,  to  determine  in  these  convulsions,  which  arise  in 
apparent  complete  health,  whether  fever  is  present  or  not.  If  this  be 
the  case,  it  must  be  determined  whether  paralysis  has  followed  these 
convulsions,  and  then  only  the  possibilit}^  of  the  origin  of  a  pneumonia 
must  be  thought  of,  a  determination  of  which  depends  upon  repeated 
examinations  of  the  lung.  I  have,  in  fact,  once,  in  connection  with 
convulsions  which  were  followed  by  decided  fever,  seen  a  purulent 
panophthalmitis  of  the  eye  in  a  child  aged  one  year. 

For  the  acute  chill  which  apparently  arises  without  cause,  croup- 
ous pneumonia  is  the  most  likely  condition.  If  a  stitch  in  the  side 
accompany  or  precede  this,  there  exists  in  previously  healthy  persons 
the  greatest  likelihood  that  we  have  to  do  with  the  onset  of  a  croupous 
pneumonia;  absolutely  certain  the  diagnosis  is  not,  even  here.  A 
beginning  mastitis  may — mth  insufficient  objective  examination — 
apparently  begin  similarly. 

If,  however,  a  glassy  mucoid  expectoration  and  rusty  sputum 
occur,  the  condition  is  very  much  more  certain;  but  even  then  the 
possibility  of  a  confusion  with  a  well-developed  formation  of  infarct 
in  the  lung,  as  the  result  of  local  thrombosis  or  as  the  result  of 
embolism,  is  not  excluded.  The  presence  of  thromboses  in  the  ex- 
tremities or  in  the  peri-uterine  veins  (during  the  puerperal  period) 
and  the  existence  of  valvular  disease  of  the  heart  which  may  give 
occasion  for  the  production  of  infarcts  are  in  such  a  case  of  importance 
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for  tlio  tliagnosis.  Tlie  sputa  in  such  cases  are  almost  exclusively 
bloody. 

In  regard  to  the  symptoms  that  are  determined  by  examining  the 
lungs,  there  are  some  diagnostic  factors  that  deserve  attention.  The 
crepitant  rales  characteristic  of  the  initial  stage  of  pneumonia  may 
also  occur  in  chronic  infiltration  of  the  upper  lobes,  and  may  represent 
the  only  demonstrable  auscultatory  sign  in  cases  that  are  not  very  far 
advanced.  The  sign  has  also  been  observed  in  pulmonary  infarction ; 
and  although  Grisolle  asserts  that  the  crepitant  rales  of  pneumonia 
differ  from  the  crej)itation  heard  in  pulmonary  edema  or  hemorrhagic 
infarct,  and  theoretically  a  difference  no  doubt  exists,  an  attempt  to 
differentiate  between  the  two  varieties  of  crepitation  in  practice  ap- 
pears risky.  Although  it  is  undoubtedly  true  that  in  pulmonary 
edema,  as  in  hemorrhagic  infarction,  the  bubbles  produced  by  the 
mixture  of  tenacious  mucus  with  air  are  made  in  bronchi  of  larger  cali- 
ber than  is  the  case  in  the  initial  stage  of  pneumonia,  so  that  the  sound 
produced  by  the  bursting  of  the  bubbles — in  other  words,  the  crepi- 
tant rale — is  higher  in  pitch  in  pneumonia,  nevertheless  this  theo- 
retic reasoning  about  the  nature  of  a  crepitant  rale  may  in  practice  be 
absolutely  worthless  if  there  happens  to  be  catarrh  of  the  finer  bronchi 
during  the  initial  stage  of  pneumonia.  If  a  purely  physical  explana- 
tion of  the  objective  symptoms  is  to  be  reUed  on  for  the  diagnosis,  a 
single  sign  does  not  suffice. 

Of  especial  importance  is  the  determination  of  all  conditions  which 
make  the  diagnosis  between  pneumonia  and  pleural  effusion,  of  a 
serous  as  well  as  of  a  purulent  nature,  certain.  The  more  numerous 
the  experiences  of  the  indi^^dual  physician  are,  the  more  he  will  be 
convinced  that  in  this  respect  special  attention  must  be  devoted  to 
the  subject.  Especially  difficult  may  the  conditions  be  in  hospitals, 
because  the  patients  are  admitted  in  the  various  stages  of  the  disease 
and  are  frequently  seen  in  a  condition  in  which  it  is  not  even  possible 
to  elicit  an  exact  history.  In  private  practice  the  diagnosis  is  easier 
if  the  patient  has  been  watched  and  examined  from  the  onset  of  the 
affection. 

In  all  cases  the  diagnosis  is  naturally  between  pleurisy  and  a  pne- 
monia  of  the  base,  especially  in  reference  to  an  entire  side.  It  is  true 
that  Traube  once  saw  a  pleurisy  associated  with  a  pneumonia  affect- 
ing the  same  upper  lobe,  but  such  a  curiosity  need  not  be  taken  into 
consideration. 

In  the  first  place,  even  at  the  onset  of  pneumonia  diagnostic 
difficulties  may  arise,  especially  if  stitches  in  the  side  introduce  the 
affection  without  chill;  and  neither  crepitant  rales  occur  favoring 
pneumonia  nor  friction  favoring  pleurisy.  The  latter  ma}^  even  occur 
at  the  onset  of  pneumonia.  Only  high  fever,  rapidly  developing,  is  in 
favor  of  pneumonia ;  one  single  pneumonic  sputum  confirms  the  diag- 
nosis. Especially  important  is  the  result  of  the  examination  of  the 
apices  of  the  lungs  and  the  determination  whether  the  patient  has  pre- 
viously been  healthy,  especially  whether  he  has  ever  suffered  from 
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cough.  Pleurisy  readily  arises  in  connection  with  a  feebly  developed 
apical  affection  which  up  to  that  time  had  shown  no  symptoms. 
Under  such  circumstances  the  diagnosis  between  pneumonia  and 
pleurisy  may  remain  in  suspense  for  one  or  even  two  days ;  after  that 
time,  however,  either  all  the  phenomena  may  entirely  disappear;  the 
dulness,  the  soft  bronchial  breathing,  the  increased  pectoral  fremitus, 
which  is  often  absent  in  women  and  children,  disappear  as  well  as 
the  fever,  and  convalescence  follows ;  we  have  then  had  to  do  with  a 
pneumonia  which  has  lasted  from  two  to  three  days.  Pleurisy  is 
excluded,  as  dulness  due  to  that  cause  would  not  disappear  so  rapidly. 
Or  the  dulness  remains  and  even  increases.  If  slight  fever  is  present, 
as  is  almost  always  the  case ;  if  bronchial  breathing  is  constantly  low 
and  soft,  as  if  it  were  only  heard  from  a  distance ;  if  the  dulness  has 
not  very  rapidly  taken  in  the  entire  base  and  its  upper  limit  is  lower 
than  the  upper  limit  of  the  lower  lobe,  or  if  it  very  gradually  rises 
above  that  level,  then  we  are  dealing  with  a  pleurisy. 

But  if  the  dulness  has  very  rapidly  taken  in  the  entire  base  and 
has  constantly  remained  limited  to  this  area,  an  occasional  loud  bron- 
chial respiration  must  suffice  to  make  a  diagnosis  of  pneumonia,  espe- 
cially in  those  cases  in  which  hoarseness  makes  it  impossible  to  test  the 
pectoral  fremitus  and  to  determine  bronchophony. 

While  these  points  may  afford  a  shght  help  for  the  diagnosis 
during  the  first  few  days  of  the  illness,  it  must  be  borne  in  mind  that 
an  effusion  into  the  pleural  sac  may  occur  during  the  existence  of  a 
pneumonia.  Usually  the  bronchial  breathing,  which  at  first  was 
quite  loud,  gives  place  to  soft  continuous  bronchial  breathing.  In 
such  cases,  fortunately,  the  failure  to  note  this  phenomenon  is  not  of 
serious  consequence ;  the  pleural  effusion  usually  disappears  with  the 
cessation  of  the  pneumonia. 

Only  when  a  pneumonia  occurs  in  the  course  of  other  acute  dis- 
eases, especially  in  the  course  of  enteric  fever,  the  long  continuance  of 
dulness  is  to  be  carefully  watched,  and  the  diagnosis  of  "pleural 
effusion"  confirmed  by  exploratory  puncture,  as  the  effusion  might 
be  purulent. 

In  the  third  place,  a  dangerous  pleurisy  may  develop  immediately 
after  the  cessation  of  the  pneumonia;  that  is,  just  after  the  crisis. 
Such  an  event  has  an  important  influence  on  the  subsequent  course  of 
the  disease.  The  effusion  is  not  infrequently  purulent,  and  failure  to 
make  an  accurate  diagnosis  may  therefore  be  productive  of  fatal  con- 
sequences. If  the  crisis  occurs  on  the  seventh  or  the  ninth  day,  and  is 
followed  not  only  by  a  postcritical  evening  rise  in  the  temperature, 
but  by  renewed  fever  lasting  several  days ;  or  if,  without  the  occur- 
rence of  crisis,  the  patient  feels  comparatively  comfortable  on  or  about 
the  seventh  or  the  ninth  day,  but  later  again  develops  fever  with 
dyspnea  and  some  cyanosis,  while  no  signs  of  a  secondary  attack  of 
pneumonia  are  discoverable  in  any  other  portion  of  the  lungs,  and  the 
original  dulness  persists  for  several  days  longer,  with  coincident  weak- 
ening of  the  respiratory  murmur, — the  diagnosis  of  a  complicating 
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pleurisy  must  be  made,  even  if  it  should  be  impossible — on  account 
of  hoarseness,  for  example — to  test  the  pectoral  fremitus.  A  pleurisy 
of  this  kind  is  ver}^  often  jjurulent ;  but  the  nature  of  the  effusion  nmst 
absolutely  be  determined  by  exploratory  puncture,  and  the  more  dan- 
gerous, or  at  least  the  more  disquieting,  the  symptoms  after  the 
seventh  or  ninth  day  of  the  disease,  the  more  prompt  must  be  the 
resort  to  this  ])rocedure.  Naturally,  it  is  to  be  wished  that  the  punc- 
ture should  always  give  a  positive  result,  enabling  one  to  determine 
whether  the  fluid  be  of  a  serous  or  purulent  nature,  but  no  one  will 
presume  to  say  that  it  has  always  been  possible  for  him  to  do  this. 
Even  when  an  effusion  is  actually  present  the  first  puncture  may  be 
without  result.  Such  failures  are  especially  due  to  circumscribed 
agglutination  of  the  pleura.  Through  this  the  exudate  is  prevented 
from  gravitating  to  the  lowest  part  of  the  thoracic  cavity. 

As  regards  the  method  of  making  an  exploratory  puncture,  I  have 
some  suggestions  which  may  perhaps  not  be  without  value  to  one 
or  the  other  of  my  colleagues.  In  the  first  place,  I  do  not  use  too 
short  a  needle.  It  is  best  to  use  a  puncture  needle  made  for  the 
purpose,  and  longer  than  that  which  is  usually  found  in  the  Pravaz 
syringe.  The  latter  is  too  short  to  enter  the  thoracic  ca\ity  in  cor- 
pulent patients.  That  it  is  well  before  using  the  needle  to  boil  it  and 
to  disinfect  the  syringe  with  a  5%  solution  of  carbolic  acid  before  and 
after  every  use  is  obvious,  but  one  should  never  puncture  'uithout 
cleaning  the  syringe  in  which  carbolic  acid  has  been  present  wdth  a 
solution  of  boracic  acid.  Even  a  small  quantity  of  carbolic  acid  which 
may  have  remained  in  the  syringe  may  make  the  purest  serous  exudate 
cloudy,  and  so  influence  our  judgment.  The  choice  of  the  puncture 
site  is,  in  the  first  place,  determined  by  the  dulness;  in  large  exudates 
it  is  well  to  introduce  the  needle  in  the  axillary  line. 

Now,  however,  after  the  most  intricate  conditions  which  are  neces- 
sary for  the  diagnosis  have  been  mentioned,  it  remains  to  be  briefly 
stated  that  the  displacement  of  neighboring  organs — ^the  liver,  the 
spleen,  the  heart — materially  facilitate  the  differentiation  of  pneu- 
monia from  pleuris}^  One  must,  however,  remember  that  such  dis- 
placements are  very  frequently  absent.  One  must  not  neglect  the 
fact  that  a  displacement  of  the  heart,  in  spite  of  the  presence  of  an 
exudate,  need  not  be  due  to  this  cause  but  may  even  be  due  to  a  pneu- 
monia of  the  left  upper  lobe,  as  the  case  pre\'iously  quoted  (page  471) 
proves. 

[Pneumonia  is  sometimes  mistaken  for  appendicitis.  Pain  in  the 
abdomen,  and  even  in  the  right  lower  quadrant,  may  occur  in  pneu- 
monia, but,  T\ith  high  fever  and  vomiting,  suggests  the  likelihood  of 
appendicitis.  The  increased  frequency  of  respiration  and  the  expira- 
tory grunt  suggest  a  pneumonic  origin  for  the  abdominal  symp- 
toms. The  latter  symptom  especially  occurs  in  childhood,  when,  also, 
appendicitis  is  Uable  to  occur. — Ed.] 
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NOTE  ON  BACTERIOLOGIC   EXAMINATION  OF  THE  BLOOD  IN 

PNEUMONIA, 

[Sereni  in  23  cases  found  diplococci  3  times ;  White,  3  in  10  fatal 
cases  out  of  a  group  of  19.  Kohn,  in  32  cases,  secured  the  specific 
coccus  in  9  only.  Kohn  thinks  the  absence  of  pneumococci  from 
the  blood  a  very  bad  sign. 

White  held  that  a  general  pneumococcus  infection  can  be  de- 
monstrated occasionally  in  the  late  stages  of  acute  lobar  pneumonia. 

Kiihnau  secured  cultures  on  agar  plates  from  1  only  of  9  patients." 
He  inoculated  animals  with  the  blood,  and  twice  in  the  9  cases  infec- 
tion took  place. 

Baduel  does  not  consider  the  presence  of  pneumococci  in  the  blood 
as  unfavorable.  He  recovered  them  55  times  out  of  57  patients,  in 
some  instances  as  late  as  twenty-five  days  after  crisis. 

Krauss  and  Sello  think  the  pneumococcus  is  only  found  in  very 
bad  cases. 

Prochaska  used  4  to  5  c.c,  and  Fraenkel  6  to  10  c.c,  of  blood  on 
bouillon  and  recovered  the  diplococcus  in  every  case. 

Prochaska  examined,  in  addition  to  10  previously  described,  40, 
all  of  whom  had  diplococci.  Two  had  streptococci  and  diplococci: 
one  died ;  the  recovery  of  the  other  was  much  drawn  out.  He  won- 
ders if  these  streptococci  are  really  streptococci,  or  only  subdivisions 
of  pneumococci,  as  they  often  form  chains.  Two  had  staphylococcus 
and  diplococcus:  both  of  them  died;  both  had  metastases.  One 
had  meningitis  and  ulcerative  endocarditis  as  complications;  one 
had  a  beginning  lung  abscess;  one  had  serous  pleurisy,  another 
purulent  exudate.  In  four  the  pneumococcus  alone  was  found.  He 
found  them  early  in  the  disease ;  in  one  case  as  early  as  the  second 
day.  The  number  of  pneumococci  is  not  inverse  to  prognosis; 
some  very  light  cases  had  very  many,  and  vice  versa.  Why  some 
should  have  toxemia,  others  not,  he  does  not  explain.  Of  the  40, 
eight  died.  That  he  found  pneumococci  in  each  case  is  due,  he  thinks, 
to  the  large  amount  of  blood  he  used.  He  concludes  that  the  blood 
of  pneumonia  patients  always  contains  pneumococci;  he  has  never 
found  the  Friedlander  organism. 

Orthenberger  *  found  pneumococci  in  "smears  "  from  6  fatal  cases. 
Perrine  and  Allessi  f  found  them  in  2  cadavers.  Belfonti  |  found  them 
in  cultures  from  6,  and  Banti  §.  in  cultures  from  18  out  of  29  pneumonia 
patients.  Klemperer  |!  did  not  find  any  in  5  patients.  Casati**  injected 
rabbits  with  blood  from  pneumonia  patients ;  all  of  them  died  of  septi- 
cemia. Sittmannft  found  them  in  6  out  of  16  patients  and  Brodie, 
Rogers,  and  Hamilton  J  J  in  seven.  Pane  §  §  says  they  are  the  exception 
and  only  occur  in  fatal  cases ;  if  accidentally  patients  should  recover, 

*  Miinch.  med.  Woch.,  1888,  49  and  50.  f  Centr.  f.  klin.  Med.,  1890,  48. 

t  Riforma  medica,  1890,  769.  §  Lo  sperimentale,  1890. 

II  Berl.  klin.  Woch.,  1891.  *  Lo  sperimentale,  vii. 

tt  Deut.  Arch.  f.  klin.  Med.,  liii.         JJ  Lancet  1898.         §§  Rif.  med.,  1899,  iii. 
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pneumococci  are  weak  and  of  diminished  virulence.  Berghini*  found 
them  in  8  cases,  and  beheves  them  constant,  regardless  of  gravity  of 
case.  Passler  t  found  them  in  0  fatal  cases ;  in  38  cases  who  re- 
covered he  found  them  but  once. 

It  is  evident,  then,  that  with  good  technique,  using  a  large  amount 
of  blootl,  the  specific  organism  of  Fraenkel  can  be  recovered  in  all 
cases  of  pneumonia,  and  that  in  obscure  cases  this  may  be  a  diag- 
nostic method  of  positive  value. 

. .  On  Agglutination  or  Seriun  Reaction  in  Pneumonia. — Besangon  et 
Griffon  :|:  have  found  in  animals  suffering  from  experimental  chronic 
pneumococcus  infection,  and  in  human  beings  ill  with  pneumococcic 
disease  (pneumonia,  pneumonial  sore  throat),  a  reaction  comparable 
to  the  Widal  reaction;  that  is,  their  blood  is  capable  of  agglutinating 
pneumococci.  It  is  comparatively  slight  onl}-,  however.  It  acts  only 
in  undiluted  or  very  slightly  diluted  state.  To  demonstrate  this  reac- 
tion, cultures  of  pneumococci  are  made  in  the  serum.  If  the  animal  is 
healthy,  the  growing  pneumococci  form  diplococci  or  short  chaias, 
clouding  the  mediimi  diffusely ;  if  the  animal  has  pnemnococcic  infec- 
tion and  the  agglutinating  power  is  great,  they  form  a  thick  tenacious 
deposit  composed  of  chains  of  cocci  without  clouding  of  serum;  if 
serum  is  weakly  agglutinating,  the  cocci  grow,  clouding  the  serum 
slightly;  to  the  naked  eye  there  seems  no  difference  from  normal 
serum,  but  when  examined  microscopically  we  see,  instead  of  short 
chains  or  diplococci,  piled-up  masses  of  cocci  or  chains  of  them.  Thus 
we  see  that  the  differences  between  normal  and  many  pneumococcic 
sera  are  not  very  great.  Another  factor  which  diminishes  its  clinical 
value  is  that  the  blood  may  agglutinate  only  pneumococci  of  the  genus 
which  have  produced  the  infection,  and  not  any  pneumococci.  We 
must,  therefore,  first  cultivate  the  cocci  from  the  individual  and  then 
try  the  agglutinating  test.  In  most  cases  before  this  can  be  done  the 
diagnosis  has  been  made ;  in  some  sore  throats,  however,  this  test  may 
be  of  great  value,  and  examples  of  this  are  noted.  The  test  is,  how- 
ever, of  greater  scientific  than  practical  value.  In  cases  of  pneu- 
mococcic septicemia  the  reaction  did  not  develop. 

On  Leucocytosis. — Wimamson,§  to  determine  if  any  connection 
existed  between  the  leucocyte  curve  and  the  general  state  in  pneu- 
monia, infected  a  number  of  rabbits;  from  his  results  he  sums  up  as 
follows : 

1.  The  leucocyte  curve  begins  ■^'ith  a  sudden  steep  onset,  and  soon 
afterward  sinks  again ;  it  falls  to  a  depth  considerabh'  below  that  ex- 
isting before  the  infection. 

2.  The  height  of  the  curve  A'aries  very  much;  occasionally  it  is 
entirely  absent.     Xo  relation  exists  between  leucocytes  before  infec- 

*  Clin.  Med.  Ital,  1899.  t  Miinch.  med.  Woch  ,  1901,  899. 

%  "  Etude  de  la  reaction  agglutinante  du  serum  dans  les  infections  experimen- 
tale  et  humaines  a  pneumococques,"  Ann.  de  I'Institut  Pasteur,  1900,  xrv,  -^4:9. 

§  Ziegler's  Beitrage,  1901,  xxix,  "  Verhalten  der  Leucoc}i;ose  bei  der  Pneumo- 
coccenerkrankung  der  Kaninchen  u.  Menschen." 
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tion  and  height  of  rise.     Leucocytosis  never  lasted  long,  probably 
owing  to  great  virulence  of  material  of  infection. 

3.  Hypoleucocytosis  was  always  ver}^  considerable. 

4.  No  connecting  relation  could  be  traced  between  the  highest  and 
lowest  number  and  the  pre-existing  number  of  leucocytes. 

5.  No  connection  could  be  traced  between  the  height  of  the  initial 
hyperleucocytosis  and  the  degree  and  time  of  the  hypoleucoc3d}osis  and 
the  clinical  picture  or  the  duration  of  the  illness  from  time  of  onset  to 
death. 

6.  If  highly  virulent  pneumococci  are  injected  in  very  small  quanti- 
ties under  the  skin,  bacteria  can  be  found  in  the  blood  within  a  very 
few  hours.  They  may  later  disappear.  They  are  destroyed  by  the 
antitoxin  properties  of  the  blood.  This  is  proved  by  the  fact  that 
pneumococci  cultured  from  the  blood  after  the  infection  show  feeble 
growth. 

7.  A  distinct  relation  exists  between  the  pneumococcus  sepsis  and 
hypoleucocytosis.  Within  a  short  time  after  the  entrance  of  the 
pneumococci  into  the  circulation  the  leucocyte  curve  begins  to  fall  to 
far  below  normal.  As  this  is  also  true  in  the  croupous  pneumonia 
of  man,  he  considers  this  an  explanation  for  the  statement,  clinically 
determined,  that  the  prognosis  of  the  disease  becomes  worse  when 
leucocytes  diminish  in  number.  The  absence  of  a  hyperleucocytosis 
in  many  fatal  cases  of  pneumonia  he  believes  to  be  due  to  the  presence 
of  pneumococci  in  the  blood. — Ed.] 

NOTE  ON  THE  URINE  IN  PNEUMONIA. 

[Kleinmann  *  reports  a  case  which  during  the  first  few  days  de- 
veloped nephritis,  and  pneumococci  were  separated  from  the  urine  at 
height  of  the  disease.  He  thinks,  therefore,  that  nephritis  is  not  an 
accidental  complication,  but  due  directly  to  the  pneumococcus. 

In  pneumonia  peptonuria  was  found  by  Gerhardt,t  Meissner  J 
(after  the  crisis  of  each  case),  Brieger,§  Robitcheck,  ||  Senator**  (a 
short  time  before  and  after  crisis),  Leickft  (each  case),  and  Binet|J 
(5  cases).     Leube  and  Salkowski  did  not  find  it. 

Ito§§  has  found  peptonuria  in  7  out  of  8  cases.  It  appeared 
several  days  before  resolution  began  and  disappeared  several  days 
after  crisis.  Brieger,  ||  ||  Naunyn,***  and  Senator  ttt  have  found  the 
same.  JakschJJI  found  it  only  after  crisis.  Ito's  paper  is  for  the 
purpose  of  showing  that  a  pure  peptone  may  exist  in  human  urine, 
which  cannot  be  removed  by  saturation  with  ammonium  sulphate. 
He  does  not  mention  the  value  of  peptonuria. 

*  Diss.  Berlin,  1898.  t  Deut.  Arch.  f.  klin  Med.,  1869,  v. 

J  Prager.  Quart.  Jahrschr.,  1879,  cxli  §  Dissert.  Breslau,  1888. 

II  Deut.  f.  klin.  Med.,  1894,  xxiv.  **  Deut.  med.  Woch.,  1895. 

■ft  Deut.  med.  Woch.,  1896.  JJ  Rev.  to.  d.  I.  S.  rom.,  1890.  9. 

§§  Deut.  Arch.  f.  klin.  Med.,  1901,  lxxi,  29.  ||||  Diss.  Breslau,  1888. 

***  Arch.  f.  experim.  Path.  u.  Pharm.,  xviii,  67. 

ttt  Deut.  med.  Woch.,  18-95.  HI  Zeit.  f.  klin.  Med.,  vi. 
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Pick  *  calls  attention  to  the  fact  that  the  urine  of  pneumonia 
twenty-four  to  forty-eight  hours  after  the  crisis  changes  its  reaction, 
becoming  neutral,  amphoteric,  or  even  alkaline;  this  takes  place  sud- 
denly and  is  replaced  after  several  days  again  by  acid  reaction.  He 
observed  54  cases ;  42  showed  this  phenomenon.  Those  which  did  not 
show  it  were  either  hght  cases,  terminated  by  lysis,  or  women  with 
previously  alkaline  urine.  He  believes  this  to  he  due  to  the  absorption 
of  the  exudate,  and  chiefly  because  of  the  increase  of  excretion  of 
sodium  through  the  urine. 

Dunin  and  Xowaczekf  refer  to  Kossel's  work,  who  demon- 
strated that  the  xanthin  bases  of  urine  arise  from  the  broken-down 
nuclei  of  cells  (nuclein)  and  the  close  affinity  of  uric  acid  to  xanthin, 
hypoxanthin,  and  guanin;  to  Horbaczewski "s  work  J:  he  macer- 
ated spleen  in  distilled  water  at  50°  C.  (122°  F.),  producing  slight 
putrefaction ;  he  precipitated  the  albumin,  added  fresh  arterial  blood, 
and  procured  after  several  hours  at  50°  C.  (122°  F.)  uric  acid;  leaving 
out  blood  and  evaporating  it.  instead  of  uric  acid  he  procured  xanthin. 
The  maceration  fluid  contained  neither,  but  rather  two  bodies  capable 
of  forming  either  one  or  both:  mth  oxidation,  uric  acid;  without 
oxidation,  xanthin;  with  insufficient  oxidation,  both.  These  papers 
prove  that  uric  acid  and  xanthin  are  derived  from  the  nuclei  of  cells. 
The  feeding  of  nuclein  increased  the  uric  acid  of  animals;  leucocytosis 
(physiologic  or  pathologic)  always  increased  the  uric  acid.  They  also 
refer  to  Richter  and  Kiihnau's  work,§  who  fed  nuclein  (gr.  v  to  x)  to 
animals  ^^^th  resulting  increased  uric  acid.  ]\Iayer  I'  fed  but  2  gr.  and 
received  negative  results.  Weintraub,"^*  Umber. tt  and  Mayer  JJ 
fed  cellular  organs  (th}Tiius,  Hver,  etc.)  and  increased  the  amount  of 
uric  acid;  in  all  5  experiments  no  leucoc}i:osis  was  produced;  broken- 
down  leucoc}i:es  did  not  produce  uric  acid  in  these  cases,  but  this 
was  formed  directly  from  nuclein.  Richter  did  not  find  leucocytosis 
invariably,  wherever  increase  of  uric  acid  was  noted,  but  Kiihnau  did. 

Dunin  and  Nowaczek  observed  5  cases  of  croupous  pneumonia 
regarding  uric  acid  elimination.  They  noted  an  increase  of  elimina- 
tion beginning  with  the  day  preceding  the  crisis,  suddenly  becoming 
very  high  on  the  clay  of  the  crisis  (amoimting  to  three  times  as  much 
as  ordinarily  noted) ;  it  remains  high  for  from  two  to  fom-  days  after 
crisis,  diminishing  slowly,  but  not  reaching  the  normal  point  until  the 
seventh  or  eighth  day  after  crisis.  They  base  this  upon  a  breaking-up 
of  the  exudate,  many  cells  being  excreted.     Ranke§§  and  Gardes  !||| 


*  Deut.  Arch.  f.  klin.  Med.,  1900,  lxviii,  13,  "  Epicritische  Aciditatsabnahme 
des  Harnes  bei  crouposer  Pneumonie." 

■f  Zeitschr.  /.  klin.  Med.,  1897,  xxxii,  1,  "  Ueber  Harnsaiireausscheidung  bei 
crouposer  Pneumonie." 

t  "  Siztmigsbericht  der  Wiener  Akademie  der  Wissenschaften,"  1891. 

§  Re.sp.  Zeitschr.  f.  klin.  Med.,  xxvii,  XXA^II.  ||  Deid.  med.  Woch.,  1896. 

**  Berl.  klin.  Woch.,  1895.       tf  Zeitschr.  f.  klin.  Med.,  1896,  xxix.       ||  Loc.  cit. 

§§  "  Beobacht.  und  Versuche  iiber  die  Ausscheidung  der  Harnsaiire,"  1898. 

II II  "  Ueber  Stichstoff  und  Harnsaiire  ausscheidung  bei  verschiedenen  Krank- 
heiten,"  1890. 
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noted  the  same  thing.  Otherwise  the  observers  know  of  no  occur- 
rences. Bartels  in  1866  casually  mentions  the  same,  as  does  Baftadow- 
sky. 

Petren*  quotes  Garrod,t  who  found  uric  acid  in  the  blood  of  one 
pneumonia  patient ;  Salomon,  J  who  found  it  in  4  cases ;  von  Jaksch,  § 
who  found  it  in  many  cases  and  says  it  is  due  to  a  change  in  red  blood- 
cells,  which  are  not  able  to  further  oxidize  uric  acid  after  its  formation 
from  nuclein.  Petren  thinks  this  must  be  wrong,  as  it  would  have  to 
be  associated  with  increased  uric  acid  excretion — a  condition  which 
does  not  exist.  Klemperer||  could  not  find  it.  Petren  found  large 
quantities  in  one  case  easily  demonstrable  b}^  the  murexid  test.  He 
says  it  is  found  almost  always  in  blood  of  pneumonia  patients  and 
occurs  frequently  in  normal  man.  He  thinks  that  the  cause  of 
increase  of  uric  acid  in  the  blood  of  pneumonia  and  other  diseases  is 
due  to  diminished  excretion  by  the  kidneys  and  not  to  increased 
formation. 

Kiihnau  **  studied  6  cases  of  pneumonia,  two  of  them  traumatic. 
All  had  leucocytosis,  but  not  proportional  to  their  gravity.  It  re- 
mained for  a  few  days  after  crisis,  returning  gradually  to  normal. 
Uric  acid  excretion  during  the  period  of  the  fever  is  above  normal, 
but  it  continues  to  increase  even  after  crisis,  reaching  its  highest  point 
several  days  after  and  at  a  time  when  leucocytosis  is  rapidly  dis- 
appearing. Uric  acid  excretion  then  reaches  normal  quickly.  He 
believes  that  the  breaking-down  of  leucocytes  is  the  cause  of  the  in- 
crease in  excretion  of  uric  acid.  Richterft  reports  a  similar  observa- 
tion among  other  conditions. 

Douglass  J  J  observed  5  cases  of  pneumonia  with  regard  to  uric  acid 
elimination  and  leucocytosis.  All  had  increase  in  uric  acid;  only  two 
had  leucocytosis.  Striking  instances  can  be  found  where  the  two  seem 
to  go  hand  in  hand,  but  the  converse  is  also  true.  He  does  not  believe 
that  the  normal  seat  of  uric  acid  formation  lies  in  the  nuclei  of  the  leu- 
cocytes, although  he  does  not  deny  that  cellular  tissue  (thymus,  liver, 
etc.)  increases  it.  He  supports  Horbaczewsky's  theory,  that  uric  acid 
is  formed  from  broken-down  proteids  containing  nuclein,  especially 
leucocytes. — Ed.] 

*  Arch.  f.  experim.  Path.  u.  Pharm.,  1898,  xli,  265. 

t  Medico-  Chir.  Trans.  Land.,  xxxvii,  181. 

I  Zeitschr.  /.  physic.  Chemie,  1878,  ii,  65. 

§"Ueber  die  klin.  Bedeutung  von  Harnsaiire  und  Xanthinbasen  im  Blute," 
1891. 

\\  Deut.  med.  Woch.,  1895, 655. 

**  Deut.  Zeitschr.  f.  klin.  Med.,  1895,  xxviii,  "  Verhaltniss  der  Harnsaiire  aus- 
scheidung  zu  der  Leucoc5d;ose." 

tt  Deut.  Zeitschr.  f.  klin.  Med.,  1895,  xxvii,  "Ueber  Harnsaiire  ausscheidung  u. 
Leucocytose." 

XX  Edinh.  Med.  Jour.,  1900,.p.  32. 
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THE  SPECIAL  METHODS  OF  TREATING  PNEUMONIA. 

Venesection  has  been  in  practice  in  the  treatment  of  pneumonia 
since  the  earhest  times.  According  to  Kohler,  Hippocrates  makes 
mention  of  venesection  in  the  treatment  of  pneumonia  of  the  lungs. 
Sydenham  declared  that  repeated  venesection,  taking  each  time  large 
amounts  of  blood,  was  a  method  which  was  aljsolutely  indispensable, 
in  the  cure  of  the  atfection.  Bouillaud  carried  this  method  to  the 
extreme.  He  advises,  in  a  pneumonia  of  medium  extent,  in  the  first 
or  at  the  utmost  in  the  second  stage,  in  the  case  of  an  adult  of  usual 
strength  and  constitution,  to  take  at  least  from  2  to  2.5  kg.  of  blood. 
To  do  this,  general  and  local  venesection  had  to  be  done  continu- 
ouslj'  for  three  to  four  days  after  the  admission  of  the  patient.  As 
a  rule,  he  practised  venesection  three,  four,  or  even  five  times,  both 
general  and  local  blood-letting  (venesection  of  about  15  ounces,  or 
30  leeches,  or  wet-cups  removing  an  equivalent  quantity  of  blood), 
in  the  first  twenty-four  hours. 

Louis  was  the  first  to  oppose  this  bad  practice  upon  the  basis  of  his 
observations.  He  declared  that  venesection  in  the  treatment  of  pneu- 
monia was  without  value.  It  remained  for  Dietl  to  close  the  era  of 
blood-letting.  He  demonstrated  that  venesection  does  not  prevent 
the  formation  of  the  pneumonic  exudate,  that  it  is  not  possible  to 
retard  the  pneumonic  process  in  the  stage  of  congestion  and  stasis  or 
to  repress  it  in  the  least  degree;  nor  does  this  method  of  treatment 
shorten  the  stage  of  red  hepatization.  He  believes,  moreover,  that  as 
a  result  of  venesection  more  massive  hepatizations  occur,  and  in  those 
ha^•ing  died  of  pneumonia  greater  fibrinous  plugs  were  found  in  the 
ca^dties  of  the  heart  and  in  the  large  blood-vessels.  For  this  reason 
he  even  declares  venesection  to  be  harmful.  In  17  fatal  cases 
treated  b}"  venesection  the  pneumonia  was  complicated  by  menin- 
gitis three  times,  and  five  times  mth  pericarditis ;  whereas  in  22  fatal 
cases  treated  with  tartar  emetic  only  once  was  meningitis  seen ;  and 
in  14  cases  treated  with  dietetic  measures  no  fatal  cases  occurred. 
The  mortality  as  regards  treatment  was  as  follows : 

With  Vexesection.  With  Tartar  Emetic.  .With  Dietetic  Measures. 

20%  225^,  7.4 /c 

17  out  of  68  22  out  of  84  14  out  of  175. 

The  expression  of  Dietl:  "According  to  our  experiences,  venesec- 
tion is  never  indicated  in  pneumonia — that  is  to  say,  it  is  never  neces- 
sary to  bring  about  a  cm-e, "  will  nowadays  be  indorsed  by  the  majority 
of  physicians.  Not  by  all,  however.  According  to  a  ^dcious  circle 
which  not  rarely  occurs  in  science,  the  tendency  to  take  up  vene- 
section is  again  making  itself  felt.  It  has  even  been  ad\'ised — 
horribile  didu — at  the  end  of  the  nineteenth  century  to  employ  vene- 
section as  a  treatment  for  chlorosis!  * 

*  Even  if  venesection  were  harmless  in  chlorosis,  it  should  not  be  employed, 
because  we  have  many  simpler  methods  at  our  command. 
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Huss  discards  venesection,  just  as  did  Louis  and  Dietl,  in  the 
stage  of  hepatization,  and  even  declares  that  it  is  harmful  to  employ 
this  method  in  that  stage.  He  only  advises  the  procedure  to  prevent 
the  congestion  from  changing  to  exudation;  that  is  to  say,  to 
prevent  red  hepatization.  Whether  he  has  ever  accomplished  any- 
thing with  this  method  I  regard  as  extremely  unlikely.  • 

According  to  past  experiences,  there  appears  to  be  only  one 
indication  for  the  employment  of  venesection — namely,  the  occur- 
rence of  edema  of  the  lung  in  pneumonia  as  a  comphcation  in  the 
earlier  stages  of  the  disease,  provided  that  there  be  no  decided  weak- 
ness of  the  heart  muscle,  which  would  be  a  contraindication.  Even 
if  anything  may  be  obtained  in  this  manner,  I  must  doubt  it,  accord- 
ing to  my  observations.  The  two  cases  of  this  sort  in  which  I  em- 
ployed venesection  in  the  first  twenty-four  hours  of  the  disease,  on 
account  of  edema  of  the  lung,  terminated  fatally  within  the  first 
thirty-six  hours.  The  autopsy  confirmed  the  diagnosis.  Talamon 
discards  venesection  entirely.  He  says:  "We  do  not  bleed  in  acute 
rheumatic  fever,  in  typhoid,  in  erysipelas;  why,  then,  retain  this 
barbaric  procedure  in  pneumonia?" 

Not  less  historic  than  the  use  of  venesection  is  that  of  its  com- 
petitor, tartar  emetic.  Advised  by  Rasori,  and  used  in  enormous 
quantities,  this  remedy,  through  Laennec's  authority,  remained  in 
use  a  long  time,  in  spite  of  the  proof  that  the  statistical  reports  given 
by  him  were  not  rehable  (compare  Grisolle,  p.  622).  A  complete 
historical  review  in  reference  to  the  different  modifications  and 
modes  of  employment,  and  of  the  combined  employment  of  tartar 
emetic  and  venesection,  is  given  by  Kohler;  nowadays  the  use  of 
tartar  emetic  has  been  almost  entirely  abandoned.  Talamon 
quite  properly  drives  the  last  nail  into  its  coffin  with  the  words: 
''We  diminish  the  chances  of  cure  with  its  employment  in  that  we 
complicate  the  disease  with  the  effects  of  a  fresh  intoxication." 

Aran  introduced  veratrin  into  practice,  and  has  found  warm 
adherents  in  Biermer  and  Kdhler  (compare  Kohler,  I,  p.  798).  To 
thoroughly  frighten  off  any  one  from  the  use  of  this  drug  I  advise 
them  to  read  the  twenty-five  histories  of  the  cases  given  by  Alt. 
Von  Jiirgensen  is  right  when  he  says  that  only  ignorance  of  the  normal 
course  of  pneumonia  has  led  to  the  employment  of  veratrin. 

Pilocarpin  has  also  been  employed.  Sziklai  has  given  adults 
from  3  to  4,  children  over  four  years  of  age  from  1  to  2  eg.  per  day, 
and  believes  that  he  has  achieved  good  results.  Liszt  believes  the 
same.  Richter,  on  the  other  hand,  has  not  noticed  any  influence 
upon  the  pulmonary  inflammation. 

An  exceedingly  rich  literature  is  at  hand  in  reference  to  the  em- 
ployment of  digitalis  in  pulmonary  inflammation.  The  first  employ- 
ment of  this  drug  also  dates  from  Rasori,  and  the  school  of  contra- 
stimulists.  Later,  digitalis  was  more  frequently  employed  on  account 
of  the  investigations  of  Traube.  However,  it  cannot  be  said  that  this 
treatment  was  especially  advised  by  him;  at  least  what  he  says  in 
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reference  to  this  drug  does  not  sound  ver}'  encouraging.  He  em- 
ployed the  drug  in  \-ery  large  doses  (120  grains  in  l'ort}'-eiglit  to  sixty 
hours).  According  to  his  observation,  this  produces  a  very  great 
diminution  in  the  pulse  frequency,  but  simultaneously  with  the  de- 
crease in  the  tension  of  the  arteries  no  increase  in  diuresis  is  noted. 
Very  frequently,  however,  decided  collapse  was  seen.  There  is  here, 
as  he  supposes,  besides  a  stimulation  of  the  regulating  apparatus 
of  the  nervous  system,  a  beginning  paralysis  of  the  musculomotor 
nervous  system. 

Lately  digitalis  has  again  found  a  very  eager  champion  in  Petrescu. 
Doses  which  sound  enormous  are  employed  by  him.  He  gives  from 
12  gm.  in  infusion  up  to  200  in  twenty-four  hours.  According  to  his 
opinion,  pro^'ided  these  large  doses  of  digitalis  are  given  early,  they 
\x\\\  abort  every  typical  pneumonia  (in  atypical  pneumonias  the 
course  is  not  so  favorable)  and  bring  down  the  mortality  of  pneu- 
monia to  zero.  He  has  up  to  this  time,  so  he  reports  in  his  first 
statistical  pubhcation,  had  but  a  mortality  of  1.21%,  as  too  many 
of  his  patients  were  treated  too  late. 

In  his  later  communications  ^''^  he  has  not  had  less,  but  more, 
fatal  cases.  Up  to  the  1st  of  July,  1887,  he  had  577  cases,  with  a 
mortality  of  1.21%;  up  to  January,  1889,  he  had  816  cases,  mth  a 
mortality  of  2.06% ;  up  to  the  year  1891,  he  had  825  cases,  vAih.  a 
mortality  of  2.06%.  It  must,  however,  be  remembered  that  these 
cases  were  treated  in  a  central  military  hospital,  in  which  he  made 
his  observations. 

To  attain  such  results  it  is  by  no  means  necessary  to  employ 
digitalis  as  a  treatment.  In  my  mortality  statistics  pre\dously 
quoted  I  had  in  379  cases  of  pneumonia  in  ages  ranging  from  five  to 
twenty,  11  deaths,  which  gives  a  mortality  of  2.64%.  If  I  reflect 
that  my  patients  were  taken  from  the  ci\dl  population,  which  were 
only  compelled  by  dire  necessity  to  take  up  treatment  in  a  hospital, 
and  that  quite  a  large  percentage  at  the  end  of  their  disease  were  sent 
to  the  hospital  moribund,  I  should  be  very  nearly  incHned  to  declare 
the  cases  treated  by  me  without  digitalis  as  the  more  favorable  ones. 

More  conspicuous  even  are  the  figures  given  by  Risell.  How  can 
one  make  a  great  fuss  about  the  treatment  by  digitahs  if  this  author, 
without  digitalis,  in  127  pneumonias  in  persons  in  the  second  and 
third  decennium  of  life,  has  shown  but  2  fatal  cases,  therefore  a  mor- 
tality of  1.8%.  Barth  declares  the  employment  of  digitalis  in  large 
doses  is  useful  in  cases  in  which  baths  are  contraindicated  or  can- 
not be  employed.  He  protests  energetically  against  those  theo- 
reticians who,  under  the  supposition  that  pneumonia  is  a  cyclical 
disease,  desire  to  bring  the  expectant  method  into  treatment  again. 
Without  doubt  the  simple  pneumonias,  such  as  occur  in  children  and 
robust  young  people,  in  a  majority  of  the  cases  do  not  require  active 
treatment,  and  just  so  all  the  methods  of  treatment  in  the  world 
would  fail  to  prevent  the  fatal  issue  of  pneumonia  when  it  occurs  in 
diabetics,  uremics,  and  cachectic  individuals,  and  in  all  cases  in  which 
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pneumonia  is  the  final  event  in  life.  But  between  these  two  extremes 
there  are  still  numerous  cases  in  which  the  prognosis  remains  un- 
decided, and  in  which  the  battle  for  a  long  time  is  in  doubt,  and  in 
which  proper  methods  of  treatment  will  produce  a  favorable  outcome 
of  the  affection. 

In  all  cases  of  pneumonia  in  which  the  extension  of  the  hepati- 
zation, the  intensity  of  the  fever  and  dyspnea,  the  frequency  and 
softness  of  the  pulse,  make  us  fear  cardiac  weakness,  one  dare  not 
dally  in  the  use  of  proper  therapeutic  measures.  If  the  patient  be 
robust,  has  not  reached  or  overstepped  the  fortieth  year,  if  there  be 
no  serious  organic  defect,  digitalis  should  be  given  the  preference 
over  all  the  usual  methods  of  treatment:  1.5  to  3.0  gm.  in  infusion  in 
100  gm., — that  is,  25  gm.  rum  and  just  as  much  syrup  of  orange  peel, 
— and  allow  the  patient  to  take  a  tablespoonful  every  two  hours. 
We  must  carefully  watch  the  action  of  the  remedy,  but  should  not 
allow  ourselves  to  be  frightened  off  from  employing  it  by  slight 
vomiting  or  vertigo.  In  suitable  cases  alcohol  and  hypodermic  in- 
jections of  caffein  may  also  be  employed.  The  use  of  digitalis  need 
not  be  stopped  unless  the  pulse  becomes  very  slow  or  irregular;  else, 
according  to  indications,  it  should  be  used  for  from  four  to  five  days, 
until  the  fever  has  disappeared.  Fickl  gives  daily  doses  of  3  gm.  in 
infusion  as  long  as  fever  is  present,  or  slight  intoxication  phenomena 
are  noted.  With  this  he  employs  stimulants  plentifully.  Of  108 
soldiers  sick  of  pneumonia,  93  recovered  completely  and  were  able  to 
continue  their  service,  13  were  given  leave  of  absence  to  convalesce 
completely,  one  was  transferred  after  convalescence,  one  died.  Three 
fatal  cases,  however,  were,  excluded  from  this  count  on  account  of 
complications. 

Von  Jiirgensen  is  opposed  to  the  use  of  digitalis  in  so  far  as  a 
specific  action  is  supposed  to  be  due  to  it.  He  believes,  however, 
that  under  certain  circumstances  it  is  of  value,  which  he  describes 
minutely:  "  In  a  person  previously  suffering  from  cardiac  weakness, 
or  who  in  the'  course  of  the  disease  develops  cardiac  insufficiency,  if 
the  pulse  without  obvious  reason  becomes  greatly  accelerated,  and 
at  the  same  time  irregular,  digitalis  is  indicated.  The  indication  or 
contraindication  depends  upon  the  pulse  remaining  full  or  becoming 
empty ;  if  the  volume  is  good,  then  one  may  expect  something  from 
the  remedy,  especially  toward  the  end  of  the  disease,  in  which  one 
of  the  favorable  signs  is  not  rarely  a  slight  irregularity  of  the  pulse." 

Reiner  reports  from  Professor  Drasche's  clinic  24  cases  treated  by 
digitalis,  of  which  but  one,  a  man  aged  sixty-nine,  died.  From  his 
experiences  it  may  be  noted  that  the  daily  dose  may  be  raised  without 
danger  over  the  usual  doses  of  digitalis,  and  that  the  fear  of  large 
doses  in  general  is  not  justified;  only  these  doses  must  not  be  continued 
longer  than  two  days  at  the  utmost.  His  observations  show  neither 
a  decided  action  of  the  digitalis  in  pneumonia  nor  a  shortening  of  its 
course.  On  the  contrary,  he  believes  that  resolution  was  delayed 
by  the  treatment.     Neither  was  it  possible  to  bring  down  the  tem- 
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poratiiro  by  moans  of  (li<!;italis.  The  pulse  frequency  was  not  in- 
fluenced during  the  hyperpyretic  stage;  only  in  the  period  of  apyrexia 
the  pulse  fell  to  about  50,  and  then  in  several  of  his  cases  collapse 
occurred.  In  short,  nothing  can  be  adduced  to  justif\'  the  employ- 
ment of  large  doses  of  digitalis  in  pneumonia. 

In  a  similar  manner  Gerhardt  (leclares  that  digitalis  in  his  hands 
did  not  come  up  to  his  expectations,  and  Talamon  says:  "  If  digitalis 
is  contraindicated  in  large  doses  in  severe  cases  of  pneumonia,  as 
Petrescu  and  I'ickl  admit,  why  should  they  be  employed  in  such 
cases  as  recover  of  themselves?" 

I  myself,  under  the  influence  of  the  teaching  of  Traube,  some 
years  ago  employed  digitalis  in  infusion  of  2  gm.  in  180;  but  once 
after  two  bottles,  in  a  woman  of  thirty  years  of  age,  have  seen  a 
fatal  collapse,  which  I  could  only  explain  by  the  action  of  digitalis. 
"Whether  the  circumstances  in  private  practice — that  is,  the  impos- 
sibility of  constantly  observing  the  course  of  the  disease  during  the  use 
of  this  remedy — have  had  an  influence,  and  whether  such  an  event 
could  occur  in  a  hospital,  I  must  leave  undecided.  Since  that  time 
I  have  no  longer  employed  digitalis,  and  would  not  even  now  be 
induced  to  use  digitalis  in  the  hospital,  as,  especially  in  the  last  years, 
I  have  been  enabled  to  obtain  very  satisfactory  results  by  less  severe 
methods.  The  only  indication  for  the  employment  of  digitalis  I 
maintain  to  be  an  irregularity  and  rapidity  of  the  pulse  due  to  a  pre- 
\dous  myocarditis, — which  usually  depends  upon  an  atheromatous 
degeneration  of  the  vessels, — especially  occurring  in  elderly  indi- 
viduals. By  the  employment  of  an  infusion  of  2  in  180,  of  which 
a  tablespoonful  is  given  ever}^  two  hours,  I  have  occasionally,  after 
the  use  of  one  to  two  bottles,  seen  favorable  results. 

A  great  part  is  played — perhaps  we  shall  soon  be  able  to  say  has 
been  played — b}^  alcohol  in  the  treatment  of  pneumonia  after  Todd 
had  ad^^sed  its  employment  in  febrile  diseases  generally.  After  him, 
as  a  decided  opponent  of  the  active  antiphlogistic  treatment,  and  as 
an  upholder  of  the  dietetic  and  stimulating  treatment,  Hughes  Bennet 
arose.  B}^  his  treatment  the  mortality  was  reduced  so  much  that 
but  one  fatal  case  occurred  in  35  pneumonias.  In  the  "British 
Medical  Journal"  of  April  14,  1886,  it  was  proved  to  him  that  for 
some  reason  he  had  omitted  the  fatal  cases  (Kohler,  I,  p.  773). 
Nevertheless  the  adherents — I  may  saj^"  of  forced  feeding  with 
alcohol — increased.  See  declares  that  clinical  experience  has  justi- 
fied and  experimental  physiology  confirmed  the  bold  procedure  of 
using  large  doses  of  alcohol  in  the  treatment  of  fever.  This  is  even 
to-day  the  most  rational  procedure,  because  (1)  alcohol  serves  as  a 
directly  absorbable  nourishment  mthout  previous  change  in  the 
veins;  (2)  alcohol  maintains  the  strength  by  diminishing  great  loss 
of  tissue ;  (3)  it  maintains  strength  also  by  its  direct  action  upon  the 
neuromotor  sj'stem;  (4)  it  acts  as  an  antithermic  agent,  and  perhaps 
also  as  an  antipyretic  agent. 

Von  Jiirgensen  is  also  an  unqualified  adherent  of  the  alcohol  treat- 
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ment.  He  gives  alcohol  in  every  pneumonia,  "  not  according  to  rote, 
but  according  to  distinct  indications  which  must  be  decided  in  each 
individual  case."  Every  adult  patient  suffering  from  pneumonia  has 
administered  to  him  daily  from  the  start  one  liter,  a  child,  according 
to  age,  ^  to  ^  a  liter,  of  mild  good  red  wine.  In  the  treatment  of 
pneumonia  with  cold  baths,  before  and  after  the  bath  30  to  50  c.c. 
of  red  wine  are  administered;  in  very  cold  baths  not  too  small  a 
quantity  of  some  heavy  wine,^^*  such  as  \^dnes  of  the  South,  Hun- 
garian wine.  Burgundy. 

According  to  his  experience,  the  patient  as  long  as  the  fever  lasts 
will  absorb  quantities  of  alcohol  which  in  a  normal  person  would 
certainly  produce  drunkenness,  and  perhaps  even  the  danger  of  severe 
intoxication. 

I  myself  am  decidedly  opposed  to  the  use  of  alcohol  in  the  manner 
described.  Under  the  stress  of  public  medical  opinion  I  also  employed 
the  treatment  for  a  few  years.  But  as  during  this  time  the  results 
were  comparatively  unfavorable,  and  at  least  no  positive  advantage 
appeared  to  be  gained ;  as,  moreover,  no  distinct  diminution  of  tissue- 
waste  was  demonstrated  by  m}^  weigliing  experiments,  and  I  never 
observed  any  antithermic  or  antipyretic  effects  in  pneumonia,  I  gave 
up  the  routine  use  of  alcohol.  I  cannot  help  belie\dng — on  sub- 
jective grounds,  it  is  true — that  the  ingestion  of  half  a  bottle  of  Hun- 
garian wine  every  day  for  several  days  in  succession  is  capable  of 
converting  excitation  into  prostration ;  in  some  cases  I  had  a  distinct 
impression  that  the  stuporous  condition  of  the  patients  was  due  to 
alcohol  inoxication. 

I  do  not  mean  to  say,  however,  that  alcohol  should  be  given  up 
altogether.  Occasionally  I  also  have  found  it  necessary  to  resort  to 
alcoholic  stimulants;  less  frequently  in  private  practice  than  in  my 
hospital  service.  Patients  in  good  circumstances,  when  they  are  at- 
tacked with  pneumonia,  have  a  much  larger  reserve  of  albumin,  and, 
as  a  rule,  do  not  need  alcohol  at  all.  But  in  hospital  work  the  pa- 
tients when  admitted  are  often  much  reduced  in  strength,  and  may 
with  perfect  propriety  be  given  a  moderate  amount  of  alcohol.  The 
only  other  indication  for  the  administration  of  alcohol  is  found  in 
conditions  of  collapse. 

Cold  haths  have  also  been  used  in  the  treatment  of  pneumonia. 
Fortunately  this  method  of  treatment  has<so  far  become  even  less 
general  than  the  use  of  alcohol.  Fismer  has  reported  the  results  of 
this  method  of  treatment,  which  was  first  proposed  by  Liebermeister, 
as  carried  out  in  the  hospital  at  Baden.  The  temperature  of  the 
bath  was  16°  R.  (68°  F.),  the  duration  ten  minutes.  For  elderly  or 
very  debilitated  individuals  the  graduated  cold  bath  advised  by  Ziems- 
sen,  or  baths  at  a  temperatm-e  of  from  20°  to  24°  R.  (77°  to"'86°  F.), 
w^ere  used,  the  patient  remaining  longer  in  the  water.  Of  230  patients 
treated  in  this  manner,  38,  or  16.5%,  died;  whereas  before  the  mor- 
tality had  been  25.2%. 

Talamon  severely  condemns  the  use  of  cold  baths  in  the  treatment 
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of  pneumonia.  He  declares  that  they  have  no  effect  whatever  on  the 
pneumonic  process.  Even  the  supporters  of  the  method  admit  that 
cold  baths  are  not  to  be  used  when  the  process  is  extensive,  when 
there  is  decided  adynamia,  when  the  respirations  are  markedly  in- 
creased (Fismer),  in  the  presence  of  arteriosclerosis,  and  in  cardiac 
insufficiency  (Barth).  It  is  better  to  abandon  altogether  a  method 
of  treatment  which  is  useless  in  cases  in  which  it  might  be  em])loyed, 
and  counterindicated  in  cases  in  which  it  might  prove  useful. 

I  mvself  have  never  resorted  to  cold  baths  in  the  treatment  of 
pneumonia,  although  I  have  seen  them  used  when  in  consultation 
with  some  colleague;  but  I  have  never  been  able  to  convince  myself 
of  their  value.  In  some  cases  the  irritative  cough  was  increased  by 
the  cold  baths.  One  objection  to  the  use  of  cold  baths,  that  has  been 
raised  on  pathologic  grounds,  appears  to  me  worthy  of  especial  notice. 
Marchand  voices  the  opinion  that  the  tendency  to  the  production 
of  chronic  induration  of  the  lungs  is  increased  by  unfavorable  tem- 
perature conditions.  Although  it  has  recently  been  claimed  that  the 
cooling  of  the  skin  in  febrile  diseases  is  quite  harmless,  and  tliis  view 
has  revolutionized  the  treatment  of  febrile  diseases,  he  nevertheless 
believes  that  sudden  and  continued  \nthdrawal  of  heat  is  not  a  matter 
of  indifference.  If  a  man  suffering  from  a  recent  attack  of  pnemnonia 
spends  the  night  in  the  open, — and  persons  have  been  found  dead 
under  such  circumstances, — he  subjects  himself  to  a  continuous  reduc- 
tion of  temperature;  the  very  frequent  occurrence  of  induration  in 
such  cases  may  perhaps  be  attributable  in  a  large  measure  to  tliis 
abstraction  of  heat.  In  Marchand  s  case  of  induration  of  the  lungs 
the  patient,  in  addition  to  ha\'ing  been  thoroughly  drenched,  was 
treated  from  the  beginning  with  frequent  cold  baths.  The  limg  in 
this  case  was  foimd  to  be  abnormal,  "  owing  to  already  existing  pleu- 
ritic adhesions  at  the  site  of  an  old  induration  in  the  apex."  In  the 
subsequent  course  of  the  disease  a  pericardial  effusion  was  superadded. 
]\Iarchand  leaves  it  undecided  whether,  in  view  of  the  patient's  pre- 
^-iously  acquired  predisposition,  the  therapeutic  measure  so  warmly 
recommended  by  x.  Jiirgensen  was  not  in  a  large  measure  responsible 
for  the  unfavorable  outcome.  Especially  when  there  is  high  fever, 
a  marked  reduction  in  the  temperature  of  the  skin  in  pneumonia, 
which  is,  as  a  rule,  characterized  by  great  turgescence  of  the  skin, 
necessarily  produces  congestion  of  the  internal  organs.  The  anti- 
pyretic action  is  of  little  moment,  as  it  practically  affects  only  the 
integument.  This  \4ew  is  supported  by  the  experiments  of  Lassar, 
who,  as  is  well  known,  demonstrated  that  intense  cooling  of  the  skin 
is  followed  by  the  production  of  interstitial  inflammatory  processes 
in  internal  organs. 

Only  when  the  temperature  is  excessi^Tly  high,  the  extremities 
are  burning  hot,  and  the  consciousness  is  clouded  have  I  used  tepid 
baths  (26°  C. — 78.8°  F.).  In  general  the  indications  for  the  procedure 
are  very  few. 

It  follows,  from  what  has  been  said  in  regard  to  former  methods 
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of  treatment  and  those  in  use  at  the  present  time,  that  there  is  Httle 
prospect  of  ever  discovering  a  uniformly  successful  treatment  for 
pneumonia.  Nevertheless  we  are  not  reduced  to  the  expectant  plan 
pursued  by  Skoda  and  Griesinger.  Although  it  was  shown  by  my 
statistics  that,  with  a  strictly  expectant  method  of  treatment,  only  8 
out  of  81  patients,  or  9.8%,  died  in  the  year  1880, — that  is  to  say, 
until  the  last  two  years  the  most  favorable  mortaUty  conditions  pre- 
vailed during  that  year, — I  cannot  bring  myself  to  adopt  the  expectant 
plan  of  treatment.  For  during  the  years  immediately  following  1880, 
I  became  convinced  that  the  severity  of  pneumonia  and  the  mortality 
of  the  disease  are  subject  to  marked  variations  in  different  years. 

According  to  my  experience,  quinin,  when  properly  used, — that 
is,  in  accordance  with  all  the  symptomatic  indications,  which  in  pneu- 
monia are  quite  numerous, — is  the  most  suitable  remedy.  The  drug 
was  long  ago  employed  by  France,  Cordon,  and  Corrigan,*  and  has 
recently  been  recommended  by  Huss  and  v.  Jiirgensen.  Huss 
uses  it  more  as  a  tonic,  and  gives  it  in  small  doses  (10  to  15  eg. 
— grains  1^  to  2\ — four  to  six  times  daily).  Jiirgensen,  on  the  other 
hand,  recommends  quinin  as  an  antipyretic;  for  adults  in  doses  of  2 
grams  (30  grains)  given  in  the  evening  between  6  and  8  o'clock,  and 
for  children  0.1  to  0.2  gram  (1^  to  3  grains)  for  each  year  of  life,  but 
not  more  than  one  gram  (15  grains)  up  to  the  tenth  year.  His  ex- 
perience shows  that  the  full  effect  is  obtained  only  when  forty-eight 
hours  are  allowed  to  lapse  between  the  doses,  which  must  not  be  di- 
vided. The  reduction  of  the  body-temperature  occurs  slowly  and 
amounts  to,  at  most,  1.5°  to  2.5°  C.  (2.7°  to  4.5°  F.) ;  the  temperature, 
however,  remains  slightly  lower  for  the  following  twenty-four  hours. 
To  obviate  the  bitter  taste,  the  remedy  may  be  given  by  the  rectum 
according  to  the  following  formula: 

K .     Quinin  bisulphate 2.0 

Tincture  of  opium 10  drops 

Decoction  of  althaea q.  s.  ad     100.0.  M. 

SiG. — To  be  given  as  an  enema. 

See  gives  a  detailed  description  of  the  mode  of  action  of  quinin 
in  pneumonia  (page  255).  The  tolerance  of  the  organism  for  quinin 
sulphate  is  limited  to  2.5  grams  (37.5  grains) ;  if  more  is  taken,  fatal 
collapse  may  result.  But  unless  1.5  grams  (22.5  grains)  at  least  are 
given,  the  antipyretic  effect  is  nil.  "It  is  therefore  advisable  to  fol- 
low this  formula,  and  to  give  the  entire  amount  in  two  doses,  without 
dividing  them."  The  doses  given  should  bring  about  a  reduction  of 
the  temperature  in  from  five  to  seven  hours ;  if  it  fails  to  take  place, 
the  case  is  one  of  the  greatest  gravity,  and  cannot  be  brought  to  a 
favorable  termination  by  any  method  of  treatment.  By  means  of 
these  undivided  doses  a  reduction  of  1.5°  C.  (2.7°  F.)  can  be  obtained 
in  pneumonia,  but  after  eighteen  to  twenty  hours  the  temperature 
tends  to  regain  its  original  level. 

On  the  strength  of  these  recommendations  I  experimented  with 

*  See  Kohler,  vol.  i,  page  800. 
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doses  of  1  gram  (15  grains),  but  never  observed  the  slightest  influence 
on  the  fever.  I  therefore  gave  up  this  method  of  administration 
and,  hke  Huss,  confinetl  myself  to  small  doses  of  quinin;  but  I  com- 
l)ined  the  quinin  with  iron,  the  use  of  which  in  pneumonia  has  been 
warml}'  advocated  by  Nieme^'er.  This  drug  was  frequentl)'  ordered 
with  very  good  results  by  my  former  chief  at  the  Magdeburg-Altstadt 
Hospital,  Mcdicin.'ilrath  Doctor  Schneider,  as  I  can  personally  testify. 
Believing  that  it  should  be  our  aim  to  render  the  taking  of  medicine  as 
pleasant  as  possible  for  the  patient,  I  have  selected  from  among  all 
the  preparations  of  quinin  the  neutral  tannate*  because  it  is  almost 
entirely  tasteless.  As  this  preparation,  according  to  Roznyay,  is 
weaker  than  by  two-thirds  than  the  muriate,  I  give  to  adults  1  gram 
(15  grains)  three  times  a  day,  combining  it  with  1  gram  (15  grains)  of 
ferrum  oxydatum  saccharatum.  With  this  treatment  it  appears  to 
me  that  the  course  of  even  moderately  severe  cases  is,  on  the  whole, 
satisfactory.  That  is  not  saying  very  much,  it  is  true,  and  it  is  not 
this  use  of  quinin  that  induces  me  to  attribute  therapeutic  importance 
to  the  drug.  In  addition  to  these  powders  of  quinin  and  iron,  I  have 
employed  quinin  in  another  way  in  severe  cases  of  pneumonia  during 
the  past  two  years.  I  refer  to  cases  in  which  insomnia  and  restless- 
ness developed  during  the  course  of  the  disease,  without  pain;  the 
pulse  was  rapid  and  small;  and  the  mind  clouded.  The  temperature- 
in  these  cases  was  no  criterion  of  the  severity. 

To  elucidate  the  mode  of  action  of  quinin  I  shall  quote  the  opinion 
of  Tinkler,  which  is,  briefly,  that  it  is  incorrect  to  speak  of  quinin 
only  as  an  antipyretic  agent.  As  the  drug  influences  the  fever  only 
in  certain  diseases,  it  follows  that  it  owes  this  specific  selective  action 
solely  to  its  effect  on  the  various  specific  causes  of  fever.  As  early  as 
1870  Binz  demonstrated  (accorcUng  to  Tinkler)  that  the  antipyretic 
action  of  quinin  cannot  be  explained  by  any  direct  influence  on  the 
heat-regulating  centers.  This  is  further  shown  by  the  fact  that  quinin 
acts  in  intermittent  fever  even  when  it  is  given  during  the  afebrile 
interval,  that  it  is  an  effective  prophylactic  (Graser),  and  that  it  exerts 
some  influence  on  the  pus-corpuscles,  limiting  their  emigration  from 
the  blood-vessels  and  the  formation  of  pus,  as  Binz  has  demonstrated. 
''If  quinin  has  any  influence  on  those  bacteria  and  their  products 
which  give  rise  to  suppuration  and  to  the  multiplication  and  emigra- 
tion of  white  blood-cells,  it  is  probable  that  it  also  exerts  some  in- 
hibitory influence  on  the  bacteria  of  pneumonia  which  possess  similar 
properties." 

The  value  of  quinin  in  the  treatment  of  pneumonia,  according  to 
my  observation,  is  due  less  to  its  antipyretic  action  than  to  its  specific 
action  on  the  causes  of  the  disease  or  their  products.  "UTien  quinin 
is  used  after  the  method  to  be  described  in  the  section  devoted  to 
the  treatment  of  pneumonia,  I  have  in  a  few  cases  seen  a  reduction  of 
the  temperature,  but  much  more  frequently  its  effect  on  the  general 
course  of  the  disease  is  distinctly  favorable. 

*  Supplied  by  Roznyay  in  Arad. 
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Serum. — It  remains  for  later  investigators  to  find  out  if  it  will  be 
possible,  with  the  help  of  the  antitoxins  of  the  pneumococcus,  to 
cure  pneumonia  and  so  make  unnecessary  all  methods  of  treatment 
in  use  at  the  present  time.  Attempts  of  this  kind  have  already  been 
made ;  only  the  most  important  may  be  here  mentioned. 

Netter  succeeded  in  immunizing  mice  and  rabbits  against  the 
pneumococcus.  He  employed  for  this  purpose  the  dried  spleen  of 
animals  which  had  been  infected  with  the  pneumococcus ;  old  pleu- 
ral exudate  containing  pneumococci,  and  the  sputum  of  convales- 
cents after  the  crisis  when  it  was  no  longer  virulent. 

From  his  careful  investigations  in  regard  to  the  causes  of  immu- 
nity Emmerich  at  the  same  time  with  Fowitzky  concluded  that 
pneumonia  in  animals  (rabbits)  can  be  cured  by  injecting  the  blood 
and  tissue  juice  of  rabbits  that  had  been  artificially  immunized,  and 
that  an  outbreak  of  the  disease  could  be  prevented  if  the  animals,  a 
short  time  after  their  infection  with  a  pure  culture  of  the  special 
pathogenic  bacteria,  had  injected  into  them  the  serum  of  artificially 
immunized  animals.  The  tissue  juice  and  the  blood  of  artificially'' 
immunized  rabbits  show  a  marked  difference  in  their  action  according 
to  the  method  that  has  been  used  in  preparing  them.  If  the  rabbits 
are  immunized  by  means  of  subcutaneous  injections  of  \^eakened 
cultures,  an  incomplete  immunity  is  attained,  and  the  serum  pre- 
pared from  these  animals  does  not  possess  the  highest  curative  powers 
obtainable.  On  the  other  hand,  by  the  use  of  intravenous  injections 
of  diluted  cultures  having  their  full  virulence  complete  immunity  is 
produced  and  a  serum  of  marked  curative  power  is  obtained. 

F.  and  G.  Klemperer  injected  20  c.c.  of  a  purulent  pleural  exudate 
that  had  been  freed  from  other  germs  by  repeated  cultivation  into 
two  rabbits ;  both  were  inoculated  after  fourteen  days  and  withstood 
infection,  while  the  control  animal  succumbed.  They  were  also  able 
to  immunize  with  rusty  sputum  obtained  before  the  crisis,  provided  its 
poisonous  qualities  were  removed  by  heating.  The  conclusions 
of  their  findings  show  that  any  culture-medium  in  which  the  pneu- 
mococcus has  been  grown  will  immunize  an  animal  against  pneu- 
mococcus septicemia,  even  after  the  cocci  themselves  have  been 
eliminated.  The  immunizing  action  is  increased  and  quickened  if  a 
culture-medium  containing  the  cocci,  or  one  that  has  been  freed  from 
cocci  but  still  retains  its  virulence,  is  subjected  for  some  time  to  a 
high  temperature— 60°  to  65°  C.  (140°  to  150°  F.)  for  two  hours,  or 
40°  C.  (104°  F.)  for  three  or  foiu-  days. 

The  curative  serum,  however,  does  not  kill  the  cocci;  it  only 
destroys  the  virulence  of  the  products  formed  by  the  pneumococci. 

In  connection  with  the  previously  mentioned  immunizing  experi- 
ments on  animals,  F.  and  G.  Klemperer  report  that  they  injected 
themselves  with  0.5  to  3  c.c.  of  the  serum  taken  from  animals  im- 
munized against  pneumococcus  infection,  and  proved  that  the  material 
is  entirely  harmless  in  normal  persons.  Following  this,  they  injected 
4  to  6  c.c.  of  such  serum  into  6  pneumonia  patients.     In  all  the  cases, 
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in  from  six  to  twelve  hours  after  the  injection,  a  decided  fall  in  the 
temperature  occurred  with  a  slowing  of  the  pulse  and  respiration; 
once  the  temperature  reached  37°  C.  (98.6°  F.) ;  twice  it  remained  con- 
stantly normal;  in  the  first  cases  the  temperature  rose,  on  the  average, 
after  six  hours. 

P'oa  and  Carbone  used  in  a  case  of  pneumonia  in  a  human  sub- 
ject injections  of  blood-serum  taken  from  a  rabbit  immunized  by 
injections  of  sterile  cultures.  The  first  injection  of  5  c.c.  of  blood- 
serum  resulted  in  a  decided  drop  in  the  temperature,  simultaneously 
with  a  reduction  of  the  pulse  frequency  and  the  respiration.  On 
the  following  day,  that  is,  upon  the  fourth  day  of  the  disease, 
after  a  similar  injection  of  the  same  quantity  of  blood-serum,  the 
crisis  occurred.  Without  attempting  to  draw  definite  conclusions, 
they  nevertheless  call  attention  to  the  importance  of  recognizing  the 
harmlessness  of  taking  blood  from  an  immune  rabbit  and  injecting  it 
into  a  human  being,  and  to  the  possible  advantages  to  be  derived 
from  perfecting  this  method  of  treatment. 

In  conclusion,  for  the  sake  of  completeness  it  must  be  mentioned 
that  the  attempt  has  been  made  to  utilize  the  leucoc}i:osis  that  takes 
place  in  pneumonia  as  a  therapeutic  measure.  In  regard  to  the  ob- 
servation that  those  cases  of  pneumonia  which  occur  without  marked 
leucocytosis  are  the  most  unfavorable  prognostically,  v.  Jaksch 
comes  to  the  conclusion  that  it  would  be  of  advantage,  in  cases  in 
which  leucocytosis  is  absent,  to  use  remedies  subcutaneously  or  in- 
ternally which  have  the  power  of  increasing  the  number  of  white 
corpuscles  circulating  in  the  blood.  He  was  able  in  one  case  to  in- 
crease the  number  of  leucocj^tes  62%  by  the  hypodermic  injection  of 
pilocarpin,  but  no  other  particulars  are  given  in  reference  to  the 
case.  Lahr,  in  a  case  of  pneumonia  "v\ith  a  low  leucocytosis,  was 
unable  appreciably  to  increase  the  number  of  leucoc}i;es  by  means 
of  the  cold  pack. 


PROPHYLAXIS  AND  TREATMENT  OF  PNEUMONIA. 

If  it  were  possible  to  prevent  the  entrance  of  pneumococci  into  the 
alveoli  of  the  lungs  the  occurrence  of  pneumonia  would  be  impossible. 
Ways  and  means  to  prevent  this  are,  however,  unknown.  The  ad^^ce 
to  carefully  destroy  the  sputum  of  a  pneumonia  patient  is  certainly 
correct,  but  we  must  not  expect  particular  results  from  this  measure 
if  we  reflect  that  pneumococci  are  extremely  frequent  in  the  oral 
ca\dty;  they  may  even  be  found  in  the  bronchi  and  in  the  alveoli  of 
healthy  lung. 

Up  to  the  present  we  are  unable  to  prevent  the  entrance  of  the 
pneumococci;  perhaps  it  may  be  possible  by  the  use  of  serum  of  ani- 
mals that  have  been  immunized  against  the  poison  of  the  pneumo- 
coccus  to  at  least  produce  a  reduction  of  the  deleterious  effects  of 
these  bacteria  upon  the  human  organism.     The  fact  pre\'iously  dem- 
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onstrated  (page  505)  of  the  difference  in  virulence  of  pneumonia  in 
different  years,  independent  of  any  special  methods  of  treatment  or 
other  predisposing  circumstances,  proves  that  the  action  of  the  bac- 
terial products  must  vary  in  different  years  and  warrants  the  hope 
that  it  may  be  possible  to  bring  about  a  condition  of  affairs  which  will 
render  the  harmful  action  of  these  germs  less  severe. 

Measures  to  prevent  the  direct  transmission  of  the  disease  from 
pneumonia  patients  to  healthy  persons,  or  to  patients  suffering  from 
other  affections,  are  useless,  as  no  one  has  noted  the  direct  trans- 
mission of  this  disease.  In  pneumonia  more  than  in  any  other 
disease  observations  in  the  hospital  are  sufficient  to  exclude  such 
transmission.  Pneumonia  patients  are  always  placed  among  other 
patients,  but  there  has  never  occurred  to  me  or  to  other  observers  the 
slightest  suspicion  that  any  contagion  had  occurred. 

As  we  are  unable  successfully  to  combat  the  diplococcus,  the 
primary  cause  of  the  affection,  we  must  direct  our  efforts  against  the 
auxiliary  causes,  or  at  least  render  them  less  active.  But  even  here 
there  are  very  narrow  limits.  Since  a  child  in  the  course  of  its  first 
two  years  of  life  may  have  three  attacks  of  pneumonia  and  adults 
may  be  affected  5  times  in  the  course  of  their  lives,  we  must  assume 
a  predisposition  on  the  part  of  the  lungs  of  the  affected  individuals. 
Of  what  nature  this  predisposition  is,  in  what  it  consists,  we  have 
up  to  the  present  time  not  the  slightest  idea.  For  this  reason  it  is 
impossible  to  take  measures  to  guard  against  it. 

It  only  remains  to  take  prophylactic  measures  against  those  causes 
whose  action  is  a  temporary  one,  of  short  duration,  and  whose  influ- 
ences may  be  referred  to  external  causes.  The  effects  of  wet,  cold,  or 
the  marked  chilling  of  the  surface  of  the  body  in  one  who  has  been 
subjected  to  severe  bodily  exertion,  or  in  one  who  has  weakened  his 
constitution  through  excesses  of  any  nature  whatsoever,  can  be  effec- 
tively combated,  and  in  this  manner  we  can  remove  a  direct  cause  of 
the  disease.  It  is  true  that  the  physician  rarely  sees  the  patient  at 
such  a  time,  but  the  knowledge  of  such  conditions  may  be  utilized  much 
more  than  has  been  done  up  to  this  time.  How  frequently  does  one 
meet  with  individuals,  even  educated  persons,  who  have  not  the 
slightest  idea  that  it  is  extremely  dangerous  to  life  to  expose  them- 
selves to  a  draft,  after  having  exerted  themselves  by  a  tedious  walk 
or  a  mountain  climb,  having  overheated  themselves  and  thoroughly 
wet  their  clothing  with  their  own  perspiration;  that,  moreover,  it  is 
absolutely  dangerous  to  expose  one's  self  while  wet  with  perspiration 
to  a  draft,  and,  that  if  it  is  at  all  possible,  the  underclothing  should 
be  changed  at  once  so  as  to  avoid  the  abstraction  of  heat  from  the 
body  incident  to  the  clothing  drying  by  evaporation.  We  are  not  at 
all  astonished  if  a  workman  does  not  know  that,  after  having  been 
wet  through  and  through  by  the  rain  while  at  work,  it  is  well  for 
him  to  change  his  clothing,  or,  if  that  is  impossible,  to  remain  in  bed 
for  a  short  time.  In  most  cases  he  has  plenty  of  time  to  do  so,  but 
prefers  to  spend  it  in  the  tavern  in  his  wet  clothes. 
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If  under  such  circunistiinces  the  sensation  of  a  general  feeling  of 
malaise  and  chilliness  develops,  then  it  is  certainly  advisable  to  go 
to  bed  at  once,  and  by  means  of  a  cup  of  elder  tea  to  induce  active 
perspiration.  Such  advice  may  appear  as  of  slight  value;  neverthe- 
less if  the  advice  be  carried  out,  it  will  often  prove  of  benefit. 

Let  us,  however,  take  up  the  positive  question  of  the  treatment  of 
the  disease  itself. 

If  croupous  pneumonia  begins  gradually,  w-ith  general  malaise, 
headache,  and  chilliness,  the  ph3'sician  is  rarely  in  the  position  to 
give  adequate  advice.  He  has  not  even  an3i;hing  of  importance  to 
sa}',  especially  if  he  does  not  attach  any  importance  to  the  above-men- 
tioned causes  which  have  preceded  these  events  in  many  instances. 

The  convulsions  which  usually  usher  in  the  disease  in  children  do 
not  require  special  treatment,  as  they  commonly  pass  off  without 
lea\'ing  any  bad  effect  upon  the  organism.  Cold  applications  or, 
more  properly,  linen  cloths  rung  out  in  ice-cold  water  may  be  placed 
upon  the  head;  their  effect  is  more  to  quiet  the  members  of  the  family 
than  to  be  especially  useful  to  the  patient. 

Also  for  the  vomiting,  which  in  some  few  cases  ushers  in  the  dis- 
ease, no  special  treatment  is  required.  Should  the  vomiting  be 
continuous,  lasting  several  hom's,  something  that  I  have  never  ob- 
served in  pneumonia,  it  would  be  necessary  to  have  recourse  to  a 
h3'podermic  injection  of  morpliin. 

The  patient  takes  to  his  bed  of  his  own  accord  upon  the  appear- 
ance of  the  initial  chill,  which  is  of  such  frequent  occurrence  at 
the  onset  of  the  affection.  If  it  is  at  all  possible,  the  bed  should 
be  previously  warmed,  especially  in  winter.  This  may  be  accom- 
plished by  various  methods — hot-water  bags,  hot  bottles,  hot  bricks, 
etc. ;  such  a  warmed  bed  is  very  grateful  to  the  patient.  Who  has 
not  felt  the  sensation  of  cold,  even  amounting  to  a  positive  chill, 
even  when  fever  is  present,  on  entering  a  cold  bed?  Furthermore, 
hot  tea  should  be  given  in  all  such  cases ;  this  serves  to  diminish  the 
sensation  of  cold. 

The  treatment  must  be  more  active  for  the  pains  in  the  side, 
w^hich  may  appear  simultaneously  with  or  after  the  chill,  especially 
if  these  pains  be  severe  or  interfere  in  the  slightest  degree  with  the 
respirations.  I  have  never  advised  the  use  of  leeches,  w^hich  even  to- 
day is  a  favorite  method  of  treatment ;  neither  have  I  ad\dsed  wet 
cups.  The  only  proper  method  of  remo\'ing  these  pains  in  the  side 
is  by  giving  a  sufficient  dose  of  morphin  hvpodermically.  In  adults 
a  dose  of  1  eg.  {^  grain),  in  3'oung  individuals  between  the  ages  of 
ten  and  sixteen  5  mg.  (^2  grain),  and  in  3^ounger  children  2  or  3  mg. 
(sV  ^o  TO  grain)  will  usually  prove  sufficient.  Onlv  ver3'  rareh'  mast 
the  injection  be  repeated  in  the  course  of  ten  or  twelve  hours  on 
account  of  the  pain.  The  pains  after  the  first  injection,  as  a  rule,  do 
not  recur  or  are  so  mild  that  an  ice-bag  applied  to  the  affected  side 
is  sufficient  to  relieve  them.  I  can  also  recommend  the  h3^podermic 
injection  of  morphin  in  private  practice.     Apart  from  the  fact  that 
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the  procuring  of  leeches  or  of  wet  cups  requires  some  time,  during 
which  period  the  patient  must  continue  to  suffer,  the  result  is  very 
uncertain.  Every  physician,  however,  carries  with  him  a  hypodermic 
syringe  and  a  quantity  of  morphin  whieh  he  may  employ  at  once 
without  the  loss  of  time.  He  should  not,  however,  carry  the  mor- 
phin in  the  form  of  a  solution,  which  is  unsuitable  when  the  drug  is 
only  used  occasionally,  but  in  the  form  of  a  powder  in  paraffin  paper, 
each  powder  containing  exactly  2  eg.  (|  grain)  morphin  by  weight 
(without  sugar).  He  need  only  then  at  the  bedside  ask  for  a  spoon 
or  a  small  glass  containing  boiled  water,  or  take  a  tablespoonful  of 
cold  water  and  hold  it  over  a  gas  flame,  pour  the  water  into  another 
spoon  containing  the  powder,  which  easily  dissolves  in  the  liquid, 
draw  it  up  into  his  syringe,  and  inject  it  under  the  skin  of  the 
patient.  In  this  manner  the  hypodermic  syringe  contains  a  definite 
quantity  of  morphin,  which  is  not  so  likely  to  be  the  case  if  a  solution 
is  employed,  as  frequently  the  cahber  of  the  syringe  varies  and  an 
unknown  quantity  of  morphin  is  used.  If  the  2  eg.  (^  grain)  of  mor- 
phin are  taken  up  in  solution  into  the  syringe,  each  division  of  the 
syringe  will  contain  2  mg.  {-^j^  grain)  of  morphin.  With  the  aid  of 
the  screw  on  the  piston-rod  of  the  syringe,  the  number  of  divisions 
to  be  given  can  be  accurately  measured  off.  My  advice  is  to  do  this 
in  every  case;  no  matter  how  absent-minded  the  physician  may  be 
he  will  thus  avoid  giving  too  much  morphin. 

While  the  ice-bag  which  has  been  apphed  to  the  affected  side  on 
account  of  the  shght  pain  is  allowed  to  remain  in  place  during  the 
subsequent  course  of  the  disease,  and  a  second  one  may  be  applied 
to  the  head  on  account  of  the  headache,  or  cloths  rung  out  in  cold 
water  may  be  substituted,  there  is  now  no  distinct  indication  for  the 
administration  of  drugs  unless  the  patient  has  a  previous  myocar- 
ditis with  frequent  irregular  pulse  or  a  heart  lesion  with  frequent 
heart's  action.  In  such  cases  I  believe  the  use  of  digitalis  is  indi- 
cated: 0.25  gram  (4  grains)  pulv.  fol.  digit,  with  0.5  gram^  (7^ 
grains)  saccharum  as  a  powder,  of  which  one  should  be  taken  4  times 
daily;  that  is,  inside  of  twenty-four  hours  1  gram  (15  grains)  of  pulv. 
fol.  digit.,  or  in  infus.,  1.5  grams  (22^  grains)  in  180  c.c.  of  water  with 
the  addition  of  20  c.c.  of  syr.  simpl,  of  which  day  and  night  one  table- 
spoonful  should  be  taken  every  two  hours ;  that,  in  my  opinion,  is  a 
sufficient  dose  to  produce  a  slowing  of  the  pulse  in  the  course  of  two 
to  three  days. 

This  indication,  on  the  whole,  however,  is  quite  rare.  In  patients 
in  whom  pulse  and  respiration  are  not  too  frequent,  in  whom  the 
mind  is  clear,  the  cough  not  too  severe,  and  no  decided  delirium 
occurs, — in  short,  in  cases  which  every  physician  sees  who  frequently 
has  the  opportunity  to  observe  cases  of  pneumonia, — there  is  no 
indication  for  treatment  so  long  as  no  severe  symptoms  or  complica- 
tions make  their  appearance.  These  are  the  cases  in  which  pure 
homeopaths, — I  know  such  a  one  w-ho  calls  himself  a  homeopath  and 
gives  his  patients  large  bottles  of  a  powerful  morphin  solution,  which 
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he  allows  them  to  inject  into  themselves, — hj'dropaths,  and  natural 
healers,  celebrate  their  triumphs.  If  I,  nevertheless,  in  the  absence 
of  distinct  indications,  advise  the  use  of  comparatively  small  doses 
of  quinin  and  iron,  just  as  other  observers  do,  I  am  confident  that 
this  empiric  mode  of  treatment  is  of  value  in  inflanmiator}'  affections 
in  which  anemia  is  apt  to  occur.  An  exact  definition,  such  as  influ- 
encing the  process  of  leucocytosis,  preventing  the  migration  of  white 
blootl-corpuscles,  is  nowadays  no  more  than  a  paraphrase;  it  rests 
upon  a  too  hypothetic  basis. 

I  prescribe,  therefore,  provided  there  are  no  other  indications: 

R  .  Chinini  tannici  neutralis 

Ferri  oxydati  saccharati aa     1.0     (15  grains). 

Three  times  daily,  one  powder. 

Younger  individuals  receive  one-half  of  this  dose;  children,  one- 
fifth. 

I  mu.st,  however,  especially  remark  in  this  connection  that  chini- 
num  tannicum  neutrale  is  not  identical  with  the  chininum  tannicum 
officiale  of  the  pharmacopoeia.  The  latter  has  a  bitter  taste;  the 
former  is  almost  tasteless.'  It  is  obtained,  as  has  already  been 
mentioned,  from  the  apothecary  Roznyay  in  Arad  (Hungary).  One 
gram  contains  about  as  much  quinin  as  is  contained  in  0.33  gm.  chini- 
num hydrochloricum.  Hence,  if  the  patient  receives  three  doses  of 
1  gram  each,  he  gets  as  much  c^uinin  during  the  day  as  is  contained 
in  1  gram  of  the  muriate.  Regarding  the  ferrum  oxydatum,  I  espe- 
cially emphasize  that  it  is  a  10%  preparation;  else  a  preparation 
might  be  employed  that  contains  a  smaller  percentage  of  iron.  In 
regard  to  the  administration  of  the  powders,  it  is  to  be  observed 
that  they  do  not  dissolve  readily  in  water.  If  the  patient  cannot 
take  them  in  wafers,  or  dr\^,  with  a  mouthful  of  water,  they  may  be 
advantageously  added  to  a  spoonful  of  apple-butter,  thick  soup, 
bread-crumb  paste,  or  Hungarian  or  port  wdne. 

In  addition  to  this  treatment,  consisting  of  an  ice-bag  and  the 
powders  of  neutral  tannate  of  quinin  with  ferrum  oxydatum  saccha- 
ratum,  some  morphin  will  occasionally  be  required  on  account  of  the 
cough,  especially  if  it  be  marked  at  night.  Adults  in  such  instances 
receive  15  mg.  (\  grain)  of  morphin  internall}'. 

I  distinctly  advise  against  the  use  of  stimulants.  In  private  prac- 
tice, especially  among  the  well-to-do  classes,  if  the  patient  w^as  pre- 
vioush^  strong  and  health}^,  stimulants  may  often  be  dispensed  ^ith 
dm-ing  the  entire  course  of  the  disease.  The  same  is  true  of  robust 
adults  of  the  working  classes.  Only  in  patients  admitted  to  the  hos- 
pital in  a  debilitated  condition,  from  pre^^ous  causes  of  any  kind, 
are  stimulants  useful.  Under  these  circumstances  a  mixture  con- 
taining spirit,  rectificatus  (90%)  40.0  (say,  foiss),  extr.  aurant.  0.5 
(njjviiss),  syr.  simp.  30.0  (f.5J),  aq.  dest.  ad  200  (say,  f.5vj)  (for  women 
and  children  diluted  with  a  similar  or  double  quantity  of  water),  a 
tablespoonful  twice  daily,  is  suflacient.     Instead,  under  favorable  cir- 
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cumstances,  Hungarian  or  port  wdne,  and,  according  to  the  wishes 
and  inclinations  of  the  patient,  champagne  and  beer  may  be  em- 
ployed. I  treated  an  elderly  colleague  who  was  accustomed  to  the 
free  use  of  beer  by  allowing  him  two  mugs  of  beer,  exactly  1  liter,  each 
day  during  the  entire  course  of  his  pneumonia.  The  beer  was  taken 
fresh  from  the  keg.  He  recovered  completely  from  his  severe  pneu- 
monia. He  succumbed  eight  years  later  to  paralysis  of  the  heart 
after  several  stenocardiac  attacks. 

Stimulants  are  temporarily  necessary  in  combating  attacks  of  col- 
lapse. In  this  condition  champagne  is  most  valuable.  With  this, 
the  employment  of  solutions  of  camphor  hypodermically  is  strongly 
ad\ised.  Of  a  mixture  containing  6  gm.  (5iss)  camphorse  purissimse 
in  24  gm.  (f5vj)  oleum  oli varum  purissimum  two  to  four  syringefuls 
(0.4  to  0.8 — f  to  If  grains — camphor)  may  be  injected  at  one  dose. 
If  one  is  careful  to  keep  the  syringe  clean  by  cleansing  it  after  each 
use  with  a  5%  solution  of  carboUc  acid,  one  need  not  fear  the  occur- 
rence of  abscesses  at  the  point  of  injection.  In  thousands  of  injec- 
tions I  have  never  seen  an  abscess. 

In  the  further  development  of  the  affection  the  necessity  may 
arise  for  the  employment  of  stimulants,'  for  which  in  the  beginning 
there  was  no  indication.  Pallor,  marked  decubitus,  conspicuous 
weakness,  slight  apathy,  with  slight  fever  are  the  indications  for  their 
employment. 

If  in  such  cases  mild  delirium  is  added;  the  pulse  becomes  weak, 
small,  and  frequent ;  and  the  disease  is  at  its  height,  that  is  to  say, 
on  the  fifth  or  sixth  day,  in  some  severe  cases  even  earlier, — I  resort 
to  the  hypodermic  use  of  chininum  hydrochloricum.  I  have  re- 
peatedty  after  one  injection  seen  such  a  conspicuous  improvement 
that  I  strongl}'  ad^^se  tliis  method  of  treatment,  wliich  is  a  priori 
rational  and  is  justified  by  ray  experience;  besides,  the  method  is 
without  the  slightest  danger.  The  improvement  related  less  to  the 
temperature,  as  has  been  pre\dously  mentioned  (page  533),  than  to 
the  general  condition;  it  gives  one  the  impression  as  if  the  subcu- 
taneous use  of  quinin  lessens  the  effect  of  the  products  of  the  bacteria 
which  have  found  their  way  into  the  blood  current.  A  complete 
drop  in  the  temperature  and  lasting  ap^Texia  I  have  seen  only  in 
very  few  instances. 

The  method  of  using  quinin  requires  special  description.  As  the 
hydrochlorate  of  quinin  is  only  soluble  in  34  times  the  amount  of 
water,  to  inject  ^  gram  (7^  grains) — a  quantity  I  have  exclusively 
used  in  adults — necessitates  the  injection  of  17  gm.  (about  foss)  of 
fluid.  For  this  purpose  I  have  used  a  modified  Koch  syringe  the 
glass  barrel  of  which  holds  at  least  10  gm.  (say  f5iiss) ;  into  its  can- 
nula I  have  had  a  stop-cock  inserted  and  the  bulb  is  perforated  at 
the  side  (compare  Fig.  31).  With  this  arrangement  10  grams  (say, 
f5iiss)  of  fluid  may  be  drawn  into  the  barrel  of  the  syringe,  with  the 
stop-cock  open,  and  injected  into  the  subcutaneous  tissue;  the  stop- 
cock is  then  closed  to  prevent  the  fluid  from  regurgitating  from  the 
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tissues  into  the  syringe,  and,  without  removing  the  instrument,  the 
bulb  may  be  unscrewed,  the  remaining  7  grams  (about  foij)  intro- 
duced into  the  barrel,  and  injected  at  the  same  point. 

I  advise  as  the  point  of  injection  the  lateral  parts  of  the  abdomen. 
^Nowhere  is  the  cellular  tissue  so  loose  and  so  well  adapted  to  take  up 
large  quantities  of  fluid;  in  no  part  is  the  sensibility  to  pain  so  slight 
during  and  after  the  injection  as  at  this  point.  A  further  advantage 
is  the  fact  that  we  may  introduce  the  cannula  vertically  while  the 
patient  is  in  a  horizontal  position  in  bed,  so  that  the  glass  cylmder 
also  retains  a  vertical  position,  which  makes  the  sub- 
sequent filling  of  the  tube  quite  easy.  ^ 

It  is  not  necessary  to  previously  warm  the  mater- 
ial which  is  to  be  used  for  the  injection  if  it  has  been 
kept  in  a  warm  room.  If  this  has  not  been  the  case, 
it  is  well  to  previously  warm  the  fluid  in  a  bottle. 
The  skin  which  is  raised  at  the  point  of  injection  is 
often  quite  cool  to  the  touch;  I  have  seen  no  deleteri- 
ous results  follow  tliis. 

A  fiu'ther  circimistance  which  requires  notice  is  the 
cleansing  of  the  s}Tinge.  If  one  rinse  the  needle  and 
the  syringe  with  a  5%  solution  of  carbolic  acid  before 
and  after  every  application,  the  boihng  of  the  needle 
will  not  be  necessary.  One  caution,  however,  must  be 
employed:  One  dare  not,  immediately  after  having 
rinsed  the  syringe  ^'ith  a  carbolic  acid  solution,  draw 
up  the  qiiinin  solution  into  the  s}Tinge,  else,  according 
to  the  investigation  of  the  chief  apothecary  of  the 
Altstadt  Hospital,  ^Ir.  Rosse,  there  will  be  deposited 
crystals  of  phenol-chininhydrochlorid.  The  syringe, 
after  ha^^ng  been  cleaned  with  carbolic  acid,  must  be 
rinsed  with  a  solution  of  boric  acid. 

In  most  cases  I  have  obtained  favorable  results 
T\'ith  two  injections  upon  successive  days,  or  A^ith  an 
interval  of  forty-eight  hours  between  the  injections. 
Frequently  one  injection  was  sufficient.  Up  to  the 
present  time  I  have  but  twice  required  3  injections. 
The  one  instance  occurred  in  a  severe  pneumonia  invohdng  the  entire 
right  side  which  was  complicated  by  delirium  tremens,  so  that  several 
doses  of  chloral  hydrate  became  necessary  at  night.  The  quinin  injec- 
tions were  used  to  combat  the  pneumonia  itself,  and  were  therefore 
,  given  on  the  sixth,  seventh,  and  ninth  days  of  the  disease.  The  crisis 
occurred  during  the  night  between  the  tenth  and  eleventh  days  of 
the  disease.  The  patient,  a  workman  aged  thirty-eight,  was  dis- 
charged cured.  The  second  instance  was  a  pneumonia  occurring 
after  delivery ;  the  result  was  also  favorable. 

The  value  of  these  quinin  injections  cannot  be  better  illus- 
trated than  by  referring  to  the  acljoining  table  (page  542),  statis- 
tically arranged   in  reference  to   the    mortality   from    pneumonia 
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in  the  cases  treated  by  me  in  the  hospital  during  the  last  eighteen 
years. 


Fatal  Cases. 

There  Were 

Men. 

Women. 

Total. 

Percent- 

Treated in  : 

age. 

Men. 

Women. 

Total. 

1880 

74 
74 

7 
14 

81 

88 

8 

7 

3 

8 
10 

9  8 

1881 

11.3 

1882     

67 
75 

13 

17 

80 
92 

13 
17 

1 
3 

14 
20 

17  5 

1883 

21.7 

1884 

66 

10 

76 

6 

3 

9 

12.0 

1885-86  

65 
101 

14 
15 

79 
116 

20 
20 

5 
2 

25 
22 

25  3 

1886-87   

19.0 

1887-88     

126 
63 

83 

12 
18 
15 

138 
.81 
98 

26 
13 
17 

2 
3 
5 

28 
16 
22 

20  3 

1888-89  

19.7 

1889-90  

24.4 

1890-91   

123 

25 

148 

15 

4 

19 

13.0 

1891-92  

86 

17 

103 

13 

5 

18 

17.4 

1892-93  

118 

31 

149 

14 

4 

18 

12.1 

1893-94  

35 

28 

63 

4 

4 

8 

12.6 

1894-95  

34 

15 

49 

7 

5 

12 

24.9 

1895-96  

33 

27 

60 

2 

2 

4 

6.6 

1896-97   

41 

20 

61 

4 

1 

5 

8.2 

The  results  of  the  last  two  years,  during  which  time  I  employed 
these  quinin  injections,  speak  for  themselves.  There  is  no  need  of 
specifying  the  causes  of  death,  such  as  age,  complications,  etc.,  in 
the  fatal  cases  that  occurred  during  this  period ;  I  shall  merely  add 
that  in  the  treatment  of  the  four  patients  who  died  in  the  year 
1895-96,  hypodermic  injections  of  quinin  were  used  only  once;  and 
that  of  the  five  patients  who  died  during  the  year  1896-97,  three 
were  brought  to  the  hospital  in  a  hopeless  condition  and  died  on  the 
day  of  their  admission. 

Another  useful  measure  that  I  formerly  employed  in  the  treat- 
ment of  pneumonia,  but  have  not  had  occasion  to  use  in  the  last 
three  years,  consists  in  the  employment  of  diaphoretic  agents.  When 
the  temperature  is  very  high,  while  the  skin  of  the  trunk  is  burning 
hot,  the  extremities  are  cold,  the  pulse  small  and  frequent,  and  the 
patient  easily  falls  into  collapse  with  a  somewhat  clouded  intellect,  I 
have  had  very  excellent  results  with  diaphoretics,. and  recommend 
their  employment  in  conjunction  with  quinin  injections.  But  not 
pilocarpin;  that  I  reject,  on  account  of  my  previous  experiences. 
My  diaphoretic  remedy  is  a  much  more  simple  one ;  it  consists  in  a 
cup  of  elder  tea  to  which  are  added  a  small  liqueur  glass  of  oognac 
and  the  juice  of  half  a  lemon. 

In  addition  to  these  measures,  which  are  employed  in  the  treatment 
of  the  affection  as  a  whole,  I  must  refer  to  a  symptom  on  the  part  of 
the  lungs  which  also  requires  attention — namely,  the  prune-juice 
expectoration.  Patients  who  expectorate  prune-juice  sputum  do 
not  give  a  favorable  prognosis,  as  a  rule.  It  is  not,  of  course,  to 
be  assumed  that  the  entire  condition  of  the  patient  can  be  improved 
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merely  by  treating  this  one  symptom  and  possibly  causing  the  thin 
fluid  character  of  the  sputum  and  the  amount  of  blood  contained  in 
it  to  disappear.  But  it  appears  to  me  that,  in  addition  to  stinmlants, 
by  administering  acetate  of  lead,  which  has  been  recommended  by 
Traube,  a  favorable  influence  on  this  symptom  and  on  the  entire  dis- 
ease is  produced.  I  order  in  such  cases  5  eg.  (about  1  grain)  of  acetate 
of  lead  with  5  dcg.  (say  10  grains)  of  powdered  sugar,  preferably  in 
capsules,  three  times  daih'.  During  this  period  the  powders  contain- 
ing quinin  and  iron  are  omitted.  It  is  not  necessary  to  employ  the 
actetate  of  lead  longer  than  two  daj's.  I  should  not  hesitate,  how- 
ever, after  my  present  experiences  to  give  the  acetate  of  lead  5  times 
daily  and  to  use  it  for  three  days  at  a  time. 

If  I  say  that  after  the  crisis,  and  occasionalh'  during  the  period 
of  convalescence,  I  continue  giving  the  ferrum  ox3'datum  saccharatum 
or  another  preparation  of  iron,  nothing  remains  for  me  but  to  speak 
of  certain  important  symptoms  and  comphcations  derived  from 
other  organs  that  are  involved  in  the  morbid  process. 

In  regard  to  the  heart,  I  ha^•e  already  said  that  a  pre\dous  disease 
of  this  organ  may  necessitate  the  employment  of  digitalis. 

I  cannot  agree  with  v.  Jiirgensen  that  the  fever  is  responsible  for 
the  weakened  condition  of  the  heart.  This  also  explains  the  slight 
effect  of  cold  baths  upon  the  heart,  which  are  supposed  to  act  by 
diminishing  the  fever.  If,  however,  I  am  in  favor  of  the  use  of 
quinin,  it  is  not  because  it  has  an  effect  upon  the  temperature,  but 
because  it  diminishes  the  action  of  the  products  of  the  bacteria 
v\'hich  circulate  in  the  blood  and  produce  their  effects  by  weak- 
ening th9  power  of  the  heart.  Implication  of  the  endocardium  or 
pericardium  requires  the  proper  treatment  recommended  for  such 
conditions. 

The  symptoms  and  complications  which  arise  and  are  referable 
to  the  brain  require  special  treatment,  as  they  frequenth'  prove  fatal 
to  life.  I  mention  here,  above  all,  the  furious  delirium,  which  I 
believe  to  be  due  to  an  encephalitis  (compare  page  493).  For  this 
I  have  employed  chloral  hydrate  in  doses  of  at  least  3  gm.  (45  grains) 
with  excellent  effect.  The  same  treatment  is  effective  for  the  de- 
lirium tremens  which  occurs  as  a  complication  of  pneumonia.  In 
robust  men,  even  when  the  puLse  has  not  been  especially  good,  I  have 
employed  doses  of  4  gm.  (oj)  at  a  time,  and  have  seen  excellent  results 
not  only  as  regards  the  delirium  tremens,  but  in  the  general  condition 
of  the  patient.  On  several  successive  nights  I  have  had  occasion  to 
use  this  remedy,  and  have  always  seen  similarly  good  results.  "When 
meningitis  occurs  as  a  complication,  I  use,  as  I  always  do  in  treat- 
ing this  disease,  5  dcg.  (1^  grains)  of  quinin  internally,  and  at  night, 
and  even  in  the  morning,  morphin  hypodermically.  With  a  pro- 
tracted course,  low  fever,  cloudy  sensorium,  small  frequent  pulse, 
I  ad^-ise  a  daily  hot  bath  at  a  temperature  of  40°  C.  (104.°  F.). 

Pleural  effusions,  even  of  very  large  size,  usually  run  a  favorable 
course,  be  they  of  a  serous  or  even  of  a  purulent  natm-e,  provided 
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proper  treatment  is  instituted.  In  the  former  instance  salicylic  acid 
in  the  manner  advised  by  me  is  used ;  in  the  latter  case  it  is  absolutely 
necessary  to  resort  to  resection  of  the  ribs.  The  earlier  this  is  done, 
the  more  favorable  the  results. 

Finally,  a  word  in  reference  to  the  treatment  of  pneumonia  in  women 
who  during  the  course  of  pneumonia  have  given  birth  to  a  child. 
According  to  clinical  experience,  and  especially  according  to  ex- 
perimental researches,  there  is  great  fear  of  the  development  of  a 
puerperal  endometritis.  If  the  process  is  allowed  to  run  its  course, 
the  above-described  lochial  discharge  may  become  offensive,  and 
there  is  then  more  danger  from  the  affected  uterus  than  from  the 
diseased  lung.  In  such  cases  I  strongly  advise  a  uterine  douche 
with  a  warm  2%  solution  of  carbolic  acid  immediately  after  delivery  ; 
if  there  is  high  fever,  the  douche  should  be  given  daily,  or  even 
twice  a  day  if  necessary.  In  2  cases  I  have  by  this  means, — at  that 
time  without  the  help  of  quinin  injections, — after  two  or  three 
douchings  of  the  uterus  seen  very  excellent  results. 

It  is  hardly  necessary  to  mention  that  if  the  tongue  becomes  dry, 
as  well  as  in  other  acute  febrile  diseases,  it  should  be  painted  with 
pure  glycerin ;  if  necessary,  twice  daily. 

It  is  hardly  necessary  to  give  minute  directions  as  to  diet.  At  the 
height  of  the  disease  the  patients  can  only  take  fluid  nourishment 
(milk,  cacao,  bouillon,  soup),  and  even  then  they  have  to  be  coaxed 
to  eat ;  stewed  fruit,  apple-sauce,  and  oranges  may  be  allowed.  Fluid 
is  asked  for  (water,  seltzer  water,  lemonade) ;  these  may  be  allowed  as 
frequently  as  the  patients  ask  for  them,  but  not  in  large  amounts,  and 
always  provided  there  be  no  diarrhea.  Toward  the  end  of  the  disease, 
especially  if  it  is  protracted  and  during  convalescence,  everything 
that  may  be  included  under  the  expression  "nourishing  diet"  should 
be  freely  given. 

Nursing,  the  selection  of  the  room,  heating,  everything  is  to  be 
taken  into  consideration,  as  every  detail  counts  in  the  endeavor  to 
cure. 

[No  treatment  of  pneumonia  can  be  rational  without  a  true  con- 
ception of  the  morbid  process.  It  must  be  understood  that  we  have 
a  pneumococcus  infection;  that  in  consequence  of  this  infection  we 
have  an  inflammation  and  a  toxemia;  that  the  infection  may  not  in- 
volve the  lungs  alone,  but  other  tissues  in  addition ;  that  if  the  lungs  are 
extensively  involved,  one— although  the  least  frequent— of  the  dangers 
of  the  process  is  dilatation  of  the  right  heart ;  that  the  toxemia  is  often 
out  of  proportion  to  the  extent  of  inflammation.  Death  is  due  most 
frequently  to  the  toxemia;  next,  to  associate  inflammation  in  other 
organs  than  the  lungs ;  next,  to  heart  embarrassment  from  the  cause 
above  mentioned  or  from  toxemia.  It  is  evident  our  treatment  must 
be  directed  to  combat  the  toxemia.  This  must  be  done  either  by 
neutrahzing  the  toxin,  as  we  do  in  diphtheria,  by  limiting  its_  manu- 
facture, by  aiding  in  its  elimination,  and  by  antagonizing  its  poisonous 
effects  with  medicine  and  antidotes.    To  neutrahze  the  toxins,  anti- 
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pneumococcus  serum  is  employed.  We  have  used  it  in  about  twenty 
cases,  not  hitherto  recorded.  While  we  thought  we  could  see  benefit 
in  many  cases,  the  number  is  too  small  to  draw  conclusions.  This 
may  be  said,  that  my  colleagues  to  whom  the  cases  belonged  were 
pleased  with  the  results  in  most  cases,  and  all  of  them  will  continue 
to  use  the  serum.  No  harm  attended  the  employment  of  the  remedy 
in  any  instance.  The  following  table  gives  the  more  recent  ob- 
servations. It  does  not  seem  to  support  the  therapeutic  qualities 
claimed  for  the  remedy.  Certainly  neither  the  study  of  the  cases 
nor  the  remarks  of  the  authors  concerning  them  bring  overwhelm- 
ing conviction.  The  number  of  cases  are  too  few  for  the  percentage 
of  ciu"es  to  be  convincing, 

TABLE   OF   CASES    OF   PNEUMONIA   TREATED   WITH   ANTIPNEUMO- 

COCCUS  SERUM. 

Number  Recov- 

Reporter.  of  Cases,  ered.  Died.  Mortality. 

Pane       23  21  2  8 . 7—% 

De   Renzi    32  29  3  9 .4r— % 

Lara   10  10  0  0 

Bozzolo    5  4  1  20.0% 

Massalongo  and  Franchini 10  7  3  30.0% 

Fanoni   6  5  1  16.6  +  % 

Washbourn   6  6  0  0. 

Spurrell    1  0  1  100.0% 

Cooke     2  2  0  0 

Harnett   1  1  0  0 

Weisbecker    21  19  2  9 . 5+% 

Maragliano 5  5  0  0 

Caruso  and  Staginetta 2  2  0  0 

Gamba     2  2  0 

Marone     1  1  0  0 

Cantieri    19  17  2  10.5+% 

Canby    4  4  0  0 

Wilson   18  14  4  22 . 2+% 

Wilson  and  Rosenthal 1  0  1  100 . 0% 

Wilson  and  Page 18  12  6  33  3  +  % 

Kelly    1  0  1  100.0%  ' 

Tyler    6  5  1  16.6+% 

Rochester 1  1  0  0 

Snively     6  5  1  16.6+% 

Little    1  1  0  0 

Rosenthal    9  7  2  22 . 2+% 

Jones    14  13  1  7 . 1+% 

Bosley    1  1  0  0 

Bunte     2  2  0  0 

Smith 1  1  0  0 

Goldsbrough     4  4  0  0 

Crandall     3  2  1  33.3+% 

Vandeboncoeur 17  17  0  0 

Lambert    12  9  3  25.0% 

Total    265        229        36  13.5+% 
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To  limit  the  manufacture  of  the  toxins  it  seems  necessary  (1) 
to  disinfect  parts  of  the  body,  as  the  mouth,  nares,  and  fauces,  in 
which  the  causal  micro-organism  has  its  habitation  in  health;  (2) 
to  allay  local  inflammation. 

1.  The  mouth,  nose,  and  throat  should  be  washed  out  with  anti- 
septic washes.  The  mouth  and  teeth  should  be  cleansed  and  kept 
clean.  Ten  grains  of  calomel  at  the  onset,  dry  on  the  tongue  and 
allowed  to  be  absorbed  slowly,  theoretically,  at  least,  is  of  advantage 
as  an  antiseptic.  In  addition,  this  drug  is  of  use  because  of  gastric 
conditions,  the  mild  catarrhal  gastritis,  perhaps  toxic  in  origin ;  and 
because,  by  its  purgative  effect,  tension  is  lowered  and  absorption 
from  the  stomach  promoted. 

2.  To  allay  local  pulmonary  inflammation,  to  prevent  extension, 
and  to  relieve  collateral  congestion,  we  employ  dry  cups,  not  once  daily, 
but  twice  or  three  times  a  day,  if  after  the  first  cupping  the  symp- 
toms are  not  relieved.  Then  we  employ  hydriatric  measures,  particu- 
larly as  we  can  see  a  threefold  indication  for  their  use — first,  to  allay 
inflammation ;  second,  to  assist  elimination ;  third,  to  counteract  the 
bad  effects  of  the  poison,  as,  for  instance,  cardiac  paralysis.  In 
addition  to  hydriatric  measures  advocated  by  the  distinguished 
author,  we  have  great  confidence  in  the  intermittent  application  of 
cold  water  to  the  chest,  as  suggested  by  Baruch.  Several  thicknesses 
of  muslin  should  be  cut  to  fit  the  anterior  and  posterior  parts  of  the 
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chest  respectively,  the  edges  overlapping  in  the  axilla.  The  respective 
portions,  hold  together  by  l);isting,  are  wrung  out  of  water  at  a  tem- 
perature of  60°  V.  and  ajjjjjicd  to  the  parts  of  the  chest  they  are  de- 
signed for.  They  are  then  covered  with  several  thicknesses  of  maslin 
or  of  flannel,  firmly  secured  with  safetj'-pins,  and  allowed  to  remain 
thirty  minutes.  In  severe  cases  they  should  be  changed  every  half- 
hour  or  hour ;  in  others,  e\'ery  two  hours.  If  the  teni))erature  falls,  or 
the  compresses  remain  cold,  they  are  not  reapplied.  If  reaction  results 
and  they  get  hot,  after  the  lapse  of  tliirty  minutes,  at  the  longest, 
they  are  removed  and  reapplied.  The  object  aimed  at  is  to  secure 
deeper  respirations,  lessen  the  cyanosis,  retard  the  heart's  action,  and 
induce  sleep,  or  at  least  rest.  The  compress  stimulates  the  peripheral 
nerve-endings  and  reflexly  the  nervous  mechanism  of  heart  and  \'essels 
and  of  respiration.  Thus  inflammation  is  mitigated,  elimination  is 
hastened.  We  advocate,  with  the  author,  cold  sponging,  and  even  the 
tub,  unmindful  of  the  lay  prejudice  agaiast  ''cold''  in  pneumonia. 
Further  to  control  inflammation,  a  laxative  to  lower  arterial  pressure 
may  be  employed.  Hence  another  reason  for  gi^^ing  calomel,  which, 
if  followed  by  a  saline,  lowers  blood  pressure.  Aconite,  veratrum 
\dride,  and  antimony  we  have  never  used. 

To  aid  elimination,  we  employ,  in  addition  to  hydrotherapy,  agents 
that  stimulate  renal  secretion;  that,  in  fact,  encourage  all  excretion. 
Hence  we  use  hot  salt  or  normal  serum  solutions  by  the  bowel  C5j  salt 
to  Oj  water)  or  bj'  hypodermoclysis — salt  solution  injected  subcu- 
taneously ;  a  pint  or  more,  twdce  or  three  times  daily.  Henry,  Osier, 
and  many  others  testif}^  strongh'  to  the  merits  of  this  procedure.  We 
alwaj^s  use  it,  obser\dng  the  usual  precautions.  Caffein,  cocain,  oil 
of  camphor,  nitroglycerin,  and  strychnin  are  the  medicines  which  aid 
elimination.  Fortunately,  remedies  which  aid  elimination  also  are, 
as  far  as  we  know,  physiologically  antagonistic  to  the  toxin,  especially 
strychnin  and  alcohol.  They  certainly  mitigate  the  depressing  effects 
of  the  poison. 

To  recapitulate :  In  an  imcomplicated  case  of  pneumonia  of  moder- 
ate severity  we  order  mouth  disinfection,  a  dose  of  calomel,  dry  cups, 
and  local  hydriatric  measures.  A  mild  saline  fever  mixture  may 
be  used.  One-sixtieth  of  a  grain  of  strychnin  is  given  e^'ery  four 
hours.  Indications  for  the  ase  of  caffein,  adrenal  chlorid,  nitroglycerin, 
digitalis,  and  cocain  are  looked  for  in  the  heart,  the  tension  of  the 
vessels,  and  the  Iddneys.  If  the  renal  secretion  lessens,  if  the  toxemia 
is  increasing,  and  the  pulse  is  more  rapid  and  empty,  a  subcutaneous 
saline  injection  is  ordered,  to  be  repeated  every  eight  hours.  Stimu- 
lation is  carefully,  cautiously,  begun.  If  the  right  heart  is  embar- 
rassed, local  blood-letting  or  general  venesection  is  resorted  to.  In 
robust  subjects  with  extreme  sthenic  symptoms  general  venesection 
may  give  great  relief.  We  can  strongly  indorse  the  use  of  iron  in 
pneumococcus  septicemia. — Ed.] 
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CATARRHAL  PNEUMONIA. 

The  credit  of  having  definitely  separated  lobular  catarrhal  pneu- 
monia from  lobar  croupous  pneumonia  belongs  to  Rilliet  and  Barthez. 
They  especially  emphasized  the  fact  that  lobular  pneumonia,  even 
when  it  has  become  diffuse, — that  is,  when  a  large  portion  of  a  lobe 
is  implicated, — still  must  be  differentiated  from  lobar  pneumonia,  and 
that  this  was  entirely  possible.  When  the  latter  occurs  at  the  base, 
the  process  extends  toward  the  apex,  and  while  the  base  is  in  the 
second  stage  of  inflammation,  the  upper  portions  of  the  lung  are  in 
the  primary  stage,  and  so  on,  whereas  in  the  case  of  lobular  pneumonia 
several  individual  lobules  are  inflamed  and  finally  unite. 

Rautenberg  recently  attempted  to  destroy  this  definite  division: 
I  beUeve,  however,  unsuccessfully.     He  states  the  following  theses: 

(1)  The  conception  of  a  croupous  pneumonia  and  a  catarrhal  variety 
in  infancy  does  not  correspond  exactly  -with  the  microscopic  anal- 
ysis, the  macroscopic  postmortem  appearance,  or  the  clinical  course. 

(2)  To  designate  lobar  pneumonia  as  croupous,  and  lobular  pneumonia 
as  catarrhal,  is  incorrect.  (3)  One  msiy  speak  of  larger  or  smaller 
pneumonic  areas,  but  not  of  a  lobar  or  lobular  pneumonia.  (4)  In- 
flammation of  the  lung  depends  upon  a  disturbance  of  the  tissue 
which  is  as  yet  not  sufficiently  or  definitely  investigated,  which  gives 
rise  to  the  exit  of  leucocytes  from  the  blood-vessels  into  the  alveoli 
of  the  lungs,  and  which  leads  to  further  metamorphosis.  (5)  The 
admixture  of  fibrin  is  neither  definite  nor  characteristic.  (6)  In  the 
classification  of  pneumonias  most  weight  must  be  placed  upon  the 
etiology. 

In  all  these  sentences  there  is  but  one  that  is  unassailable;  I 
mean  the  uselessness  of  dividing  pneumonia  into  a  lobar  and  a  lobular 
variety.  This  has  also  been  emphasized  by  me  in  a  pre^dous  section 
(page  381).  The  attempt  to  prove  the  previously  held  views  of  croupous 
and  catarrhal  pneumonia  as  incorrect  may  be  called  a  failure.  In  this 
attempt  the  exact  differential  points  have  been  entirely  too  much 
neglected.  As  regards  the  etiology,  the  various  bacterial  causes  have 
not  been  taken  into  consideration  at  all ;  and  as  regards  the  pathology, 
apart  from  the  investigations  which  I  have  submitted,  and  the  exact 
microscopic  findings  which  I  shall  report  further  on,  it  may  be  stated 
that  catarrhal  pneumonia  never  has  a  granular  cut  surface,  and, 
finally,  the  chnical  course,  despite  many  diagnostic  difficulties  in  the 
case  of  children,  is  sufficiently  characteristic  to  make  this  division 
justifiable  and  possible. 


THE  PATHOGENESIS  OF  CATARRHAL  PNEUMONLA. 

We  owe  to  the  exact  investigations  of  Bartels  important  facts  in 
reference  to  the  cause  of  the  affection.     In  connection  with  Charles 
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West,  but  upon  a  sounder  basis,  he  determined  that  the  constant  cause 
of  changes  in  the  kings  was  ahvays  a  preceding  disease  of  the  bronchi; 
he,  however,  came  to  the  conclusion  that  the  disease  of  the  hmg  is 
always  introduced  by  collapse  of  the  pulmonary  tissue,  and  that 
collapse  is  the  first  stage  in  the  development  of  the  process  within  the 
pulmonary  tissue.  The  further  changes  he  ex})lains  by  a  disturb- 
ance of  the  circulation  in  the  collateral  parts.  Here  an  increase  in 
blood  pressure  occurs,  a  collateral  fluxion  with  hyperemia  gives  rise  to 
a  transudation  of  serous  fluid  in  the  alveoli,  which  is  followed  b}^ 
disturbances  of  nutrition  in  the  cells  which  line  these  parts  (paren- 
chymatous inflammation).  Under  some  circumstances  the  inter- 
stitial tissue  also  takes  part  in  this  nutritive  irritation. 

No  special  increase  in  our  anatomic  knowledge  can  be  ascribed  to 
the  investigations  of  Steiner,  as  I  must  remark,  in  opposition  to  other 
communications  relating  to  this  subject.  He  only  arrives  at  the 
result  that  the  insular  form  of  thickening  of  the  parenchyma  of  the 
lungs,  which  is  characteristic  of  this  process,  shows  various  anatomic 
varieties.  Sometimes  this  thickening  depends  alone  upon  hyper- 
emia of  the  pulmonary  tissue ;  at  other  times  it  is  a  product  of  a  real 
inflammation,  ^^ith  either  a  serous  albuminous  or  a  croupous  exudate. 
In  other  cases  the  true  cause  of  the  thickening  is  in  an  excessive  pro- 
liferation of  the  nucleus,  which  may  be  either  intra  vesicular  or  extra- 
vesicular. 

The  changes  in  catarrhal  pneumonia  are  described  xevy  minutely 
by  V.  Ziemssen.  As  a  constant  change  an  intense  catarrhal  inflamma- 
tion of  the  bronchial  mucous  membrane  is  seen ;  somewhat  less  in  the 
trachea  and  the  large  bronchi  than  in  the  smaller  and  smallest  bronchi. 
After  existing  for  some  time  a  cylindric  dilatation  takes  place.  The 
most  constant  consecutive  change  in  the  parenchyma  of  the  lung  is 
simple  atelectasis  which  shows  itself  first  at  the  posterior  border  of 
both  lower  lobes.  This  inflammatory  disturbance  of  nutrition,  which 
has  been  designated  catarrhal  pneumonia,  begins  in  the  collapsed 
portions  of  the  lungs.  The  withered  and  flabby  consistence  of  these 
parts  disappears  gradually.  They  soon  give  the  sensation  of  greater 
resistance,  and,  on  the  whole,  increase  in  volume;  the  finger  now 
plainly  differentiates  distinct,  separate,  coarse  thickenings  of  irregular 
shape  and  size.  On  inflating  the  lung  it  is  noted  that  the  consolidated 
areas  themselves  between  these  areas  of  atelectatic  tissue  are  not 
changed  by  the  inflation.  They  contain  in  their  center  an  enlarged 
bronchiole  filled  with  tough  secretion.  In  the  further  course,  by  the 
confluence  of  many  small  consolidated  foci,  large  infiltrated  areas 
occur.  Fibrinous  exudates,  such  as  occur  in  croupous  pneumonia, 
neither  v.  Zeimssen  nor  Bartels  were  able  to  find.  The  pathogenesis, 
then,  may  be  conceived  to  be  that  atelectasis  is  followed  by  paren- 
chymatous inflammation,  which,  if  it  runs  a  chronic  course,  leads 
to  the  formation  of  connective  tissue,  obliteration  of  the  alveoli, 
retraction  of  the  affected  pulmonary  area,  and  permanent  dilatation 
of  the  bronchi.     It  is,  however,  also  specially  emphasized  that,  in  ad- 
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dition  to  the  possibility  of  proving  that  the  chronic  form  of  catarrhal 
pneumonia  develops  from  pulmonary  collapse,  the  development  of 
isolated  inflammatory  foci,  running  an  acute  course,  is  not  invari- 
ably, albeit  frequently,  preceded  by  atelectasis.  The  intense  inflam- 
mation of  the  bronchial  mucous  membrane  in  acute  cases,  as  it 
appears,  directly  spreads  to  the  alveolar  wall,  and  there  produces 
conditions  exactly  like  those  that  occur  in  mucous  membranes  in 
the  form  of  acute  catarrhal  inflammation. 

The  special  form  of  catarrhal  pneumonia  in  which  intra  vitam  and 
postmortem  an  inflammatory  consolidation  of  the  pulmonary  tissue 
in  the  shape  of  striation  exists  has  been  described  by  Steffen  under 
the  term  striation  pneumonia.  This  streak  is  found  upon  one  or  both 
sides  of  the  posterior  surface  of  the  lungs,  reaches  in  its  breadth 
from  the  vertebral  column  to  the  angle,  and  either  takes  in  the 
entire  height  of  one  or  both  lungs  from  the  apex  to  the  base,  or 
affects  only  certain  lobes  or  even  a  single  lobe,  and  then  is  more 
marked  in  one  or  both  lower  lobes.  The  cause  of  striation  pneu- 
monia in  general  is  supposed  to  be  poor  nourishment  and  imperfect 
development  in  childhood.  Rachitis,  hereditary  syphilis,  intestinal 
processes  of  long  duration,  give  a  proper  basis  for  the  development 
of  this  affection.  In  the  majority  of  cases  an  inflammation  of 
the  finer  and  finest  bronchi  precedes  the  affection.  The  peribronchial 
tissue  is  affected  in  two  different  ways:  Either,  as  the  result  of  a 
high  grade  of  swelling  of  the  bronchial  mucous  membrane  and 
the  accumulation  of  secretion  it  is  made  impossible  for  the  air 
to  reach  the  alveoli,  and,  as  a  result,  atelectasis  occurs;  if  this 
should  last  several  days  without  having  been  removed  by  the 
removal  of  the  secretion,  inflammation  of  the  peribronchial  tissue 
develops.  Or  the  inflammation  of  the  bronchial  walls  occurs  direct- 
ly in  the  surrounding  tissue,  without  an  intermediate  stage  of  ate- 
lectasis. 

Damaschino,  as  well  as  v.  Ziemssen,  lays  stress  upon  the  fact  that 
the  bronchitis  chiefly  attacks  the  finer  and  finest  bronchi  and  leads 
to  marked  injection  of  the  vascular  plexus  in  the  mucous  membrane, 
which  becomes  intensely  red.  This  reddening  by  no  means  depends 
upon  a  hemorrhagic  imbibition  of  the  mucous  membrane  or  upon 
an  overfilling  of  the  capillary  net  of  the  pulmonary  artery,  which 
on  account  of  the  delicacy  of  the  bronchial  mucous  membrane 
merely  shows  through.  In  the  examination  of  recent  as  well  as 
hardened  specimens,  it  is  evident  that  the  capillary  net  of  the  mu- 
cous membrane  is  actually  injected.  As  a  rule,  the  bronchi  in  their 
entire  extent  are  filled  with  mucopurulent  masses,  which  entirely 
occlude  the  opening  of  the  smaller  tubes.  In  the  cut  surface  of 
such  lungs  this  mucopurulent  mass  shows  itself  in  the  form  of  green- 
ish drops  which  remind  us  somewhat  of  small  abscesses.  On 
lateral  pressure  small  drops  that  look  like  pus  appear  upon  the  cut 
surface. 

Upon  the  basis  of  these  explanations  and  in  view  of  the  unanimity 
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of  all  the  authors,  we  may  refer  the  production  of  catarrhal  pneu- 
monia to  a  catarrh  of  the  fincM-  l)ronchi. 

My  own  microscopic  investigations  also  entitle  me  to  say  that  a 
catarrhal  inflammation  of  the  mucous  membrane  of  the  finer  and 
finest  bronchi  is  an  absolute  condition  upon  which  catarrhal  pneu- 
monia depends.  In  microscopic  pictures  such  as  are  shown  in  Plate 
5,  figures  6  and  7,  it  is  impossible  to  assume  a  pure  hyperemia. 
The  distention  of  the  capillaries  with  blood-corpuscles,  which  persists 
after  death,  alone  suffices  to  show  the  inflammatory  character  of  the 
changes  produced  in  the  tissues,  which  makes  it  impossible  for  the 
capillaries  to  empty  themselves  even  in  sections  taken  from  the 
cadaver  and  hardened.  That  proper  hardening  and  staining  material 
must  be  used  so  as  not  to  cloud  the  characteristic  picture  is  obvious. 
I  mention  here  briefly  that  hardening  in  bichromate  of  potassium  and 
staining  with  Biondi-Heidenhain  mixture,  as  has  been  previously 
mentioned  (p.  396),  have  proved  exceedingly  useful  to  me. 

I  am,  it  is  true,  merely  expressing  a  personal  opinion,  although 
based  on  numerous  comparative  observations,  when  I  assert  that  the 
engorgement  of  the  smaller  bronchial  arteries,  as  represented  on 
Plate  5,  figures  6  and  7,  is  a  proof  of  the  inflammatory  nature  of  the 
changes  in  the  mucous  membrane,  and  that  the  inability  of  the  tissue 
and  of  the  vessel  wall  to  force  the  last  remaining  blood-corpuscles 
into  the  veins  during  the  agonal  period,  when  the  heart  is  ceasing  to 
beat,  indicates  an  inflammatory  condition  of  the  tissue  and  similar 
changes  in  the  vessel  wall.  So  much  is  certain :  the  finding  of  turge- 
scent  bronchial  vessels  reaching  into  the  capillary  sj^stem  absolutely 
confirms  the  diagnosis  "  catarrhal  pneumonia."  I  have  never  missed 
this  occurrence  in  any  case  of  catarrhal  pneumonia.  I  even  go  so 
far  as  to  exclude  from  catarrhal  pneumonia  deglutition  pneumonia, 
which  up  to  this  time  has  been  included,  because  in  this  process 
such  changes  in  the  vascular  system  of  the  bronchial  tree  are  not 
present. 

If  I  assert  that  the  condition  of  the  above-described  vessels  of  the 
bronchial  mucous  membrane  in  catarrhal  pneumonia  is  a  proof 
of  the  inflammatory  change,  I  do  so  only  to  demonstrate  clearly 
the  meaning  of  such  conditions,  not  because  other  proofs  are  want- 
ing. 

In  the  greatest  majority  of  cases  the  overfilling  of  the  smaller  and 
finest  bronchial  vessels,  or  rather  the  inflammation  of  the  bronchial 
mucous  membrane  characterized  by  these  changes,  is  accompanied 
by  an  exudation  into  the  lumen  of  the  bronchioles  which  is  to  be  re- 
garded solely  as  the  result  of  this  inflammation.  Here  the  epithelium 
lies  loosened  from  the  walls,  as  shown  in  Plate  5,  figures  6  and  7,  either 
in  the  lumen  or  it  is  surrounded,  where  it  lies  against  the  wall,  by  red 
blood-corpuscles.  Besides  this,  the  lumen  is  almost  completely 
filled  with  round  cells,  and  in  some  cases  numerous  red  blood-corpus- 
cles are  mixed  with  them.  [The  leucocytes  infiltrate  the  walls  of  the 
alveoH  -but  do  not  enter  the  alveoh,  as  they  are  already  filled  mth 
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mucus,  cells,  and  bacteria  (Moisseiev).— Ed.]  The  highest  grades  of 
such  an  admixture,  depending  upon  hemorrhage,  I  have  noted  as  the 
result  of  catarrhal  pneumonia  following  measles.  Here  hemorrhages 
occur  not  only  into  the  lumen  of  the  bronchi,  but  also  in  their  sur- 
roundings and  in  the  neighborhood  of  the  blood-vessels. 

According  to  these  findings,  the  filling  and  occlusion  of  the  smallest 
bronchi  must  be  referred  to  a  local  exudation  from  the  inflamed  mu- 
cous menibrane.  ^  [Moisseiev  *  states  that  in  catarrhal  pneumonia 
the  hepatization  in  the  early  stage  is  due  not  only  to  exudation  into 
the  alveoh,  but  to  a  greater  degree  to  the  production  of  large  amounts 
of  mucus  by  the  bacteria  themselves. — Ed.] 

Besides  this,  there  is  still  another  change:  The  dilatation  of  the 
smallest  bronchi,  which,  according  to  the  opinion  of  v.  Ziemssen,  in 
cases  of  long  duration,  constantly  occurs  in  the  inflammation  of  the 
finer  bronchi  and  frequently  reaches  a  colossal  development.  The 
dilatation  of  the  canal  conspicuously  contrasts  with  the  narrowness 
of  the  opening  that  leads  into  it,  which  has  retained  its  normal 
lumen,  or  has  even  become  somewhat  narrowed  on  account  of  the 
swelUng  of  the  mucous  membrane.  Besides  the  dark,  bluish-red  color 
of  the  mucous  membrane,  the  bronchial  wall  as  a  whole  was  rigid 
and  thickened,  so  that  upon  section  through  the  parenchyma  of  the 
lungs,  the  bronchial  stumps  rose  above  the  cut  surface  in  the  form 
of  yellowish- white  nodules. 

Steiner  also  mentions  that  in  a  longer  duration  of  the  affectioli 
the  lumina  of  the  bronchi  in  the  posterior  and  lower  parts  of  the  lungs 
were  dilated  either  in  a  saccular  or  a  cylindric  manner;  in  one  case 
the  dilatation  had  reached  such  a  degree  that  the  cut  surface  of  the 
lung  had  a  "coarse-sievelike  appearance." 

The  observations  in  reference  to  dilatation  of  the  smaller  bronchi 
I  can  confirm.  The  production  of  this  dilatation  I  refer  to  the  circum- 
stance that  the  plentiful  elastic  tissue  contained  in  the  parenchyma 
of  the  lung  is  counterbalanced,  under  normal  circumstances,  by 
the  elastic  tone  of  the  smooth  muscular  fibers  in  the  bronchial  wall; 
when  inflamed,  however,  the  bronchial  wall,  whose  smooth  muscu- 
lar fibers  are  also  disturbed  in  their  function,  becomes  loosened  by 
the  inflammation ;  it  yields  to  the  centrifugal  pull  of  the  elastic  tissue 
in  the  parenchyma  of  the  lung,  and  thus  becomes  dilated.  The 
more  slowly  the  inflammation  spreads  from  the  bronchial  wall  to 
the  surrounding  pulmonary  tissue,  the  more  readily  this  dilatation 
occurs. 

To  these  changes  in  the  bronchial  wall  and  in  the  bronchial  lumen 
those  of  the  parenchyma  of  the  lung  are  added.  Their  variety  makes 
an  exact  description  of  their  processes  very  difficult. 

In  the  first  place,  the  mechanical  results  of  the  occlusion  of  the 
smallest  bronchi  manifest  themselves  in  the  pulmonary  tissue.  The 
inspiratory  power  of  the  thoracic  wall  and  of  the  chaphragm,  espe- 
cially during  childhood,  cannot  overcome  this  obstacle  in  the  bronchi- 

*Bolnitsch  Gaz.  Botkins.  St.  Petersb.,  1900,  XL,  888-892. 
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oles,  and  the  inspiratory  air-current  is  unable  to  remove  the  exu- 
date of  round  cells  and  the  red  blood-corpuscles  and  desquamated  epi- 
thelial cells  from  the  narrow  lumen  of  the  bronchiole.  The  alveoli 
which  belong  to  the  occluded  bronchiole  are  cut  off  from  communi- 
cation with  the  external  air.  The  air  contained  in  them  is  at  least 
partly  absorbed  by  the  capillary  vessels  of  the  alveolar  wall  (Vir- 
chow-Bartels) ;  collapse  follows  in  the  alveoli  of  the  lungs.  The 
latter  collapse,  or,  as  we  say,  become  atelectatic,  and  the  collapsed 
portions  of  the  lung  are  recognized  at  a  glance  by  their  reddish-blue, 
violet,  or  steel-blue  color.  The  upper  surface  of  these  collapsed 
pulmonary  areas  is  depressed  below  the  level  of  the  surrounding 
normal  parenchyma,  and  its  volume,  especially  when  the  entire 
lobe  or  the  greater  part  of  it  has  become  atelectatic,  is  greatly 
diminished.  It  feels  flabby  and  withered,  and  no  crepitation  occurs 
upon  pressure.  The  distensibility  by  inflation — the  important  crite- 
rion when  it  is  necessary  to  differentiate  atelectasis  from  pneumonia 
— varies  according  to  the  duration  of  the  collapse.  If  the  specimen 
is  inflated  soon  after  the  occurrence  of  atelectasis,  the  normal  condi- 
tion is  reacUly  restored.  The  dark  red  cut  surface,  from  which  but  a 
little  blood  without  air-bubbles  could  be  expressed,  after  inflation 
shows  itself  as  light  red,  and  the  normal  volume  is  once  more  apparent. 
If,  however,  the  atelectasis  has  been  present  for  a  longer  time,  the 
hyperemia  of  the  tissue  is  increased.  Upon  the  cut  surface  a  bloody 
serum  may  be  expressed.  Insufflation  in  such  a  case  also  restores  the 
normal  volume,  although  it  requires  decidedly  more  force.  But  the 
color  of  this  inflated  tissue  in  cross-sections  now  appears  more  scarlet- 
red,  a  proof  that  intense  hyperemia  had  existed.  In  those  cases, 
finalh",  in  which  the  atelectasis  has  existed  for  a  long  time  and  the 
secretion  in  the  bronchioles  has  become  inspissated,  insufflation  re- 
quires a  powerful  expiratory  effort,  and  even  then  the  distention  of 
the  collapsed  part  is  not  complete.  Some  lobules  remain  airless, 
resistant,  show  upon  their  cut  surface  a  glistening  smooth  surface, 
and  in  their  center  constanth'  a  dilated  bronchiole  filled  with  inspis- 
sated secretion  (v.  Ziemssen). 

The  atelectatic  areas  are  excliLsively  found  in  the  two  lower  lobes. 
Only  the  size  and  number  may  be  greater  in  one  than  in  the  other. 
Besides  this,  in  some  cases  they  also  occur  in  the  anterior  borders  of 
the  lungs,  especially  in  the  lower  tag  of  the  left  upper  lobe,  which 
overlaps  the  heart. 

In  not  a  few  cases,  when  the  disease  after  a  longer  duration  has 
terminated  in  death,  atelectasis  is  not  very  marked.  The  changes  in 
the  lung  consist  in  nodules  of  various  sizes  scattered  through  the  pul- 
monary^ tissue,  with  intervening  areas  of  air-containing  tissue. 
These  nodules  may  vary  in  size  from  a  pea  to  a  bean.  These 
insular  foci  of  lobular  pneumonia,  when  fully  developed,  are 
described  by  Wyss  as  nodules  of  varying  sizes,  from  |  of  a  centi- 
meter to  2  or  3  centimeters  or  more  in  diameter.  The  nodules  may 
be  circular  or  irregular;  lobulated    or  arranged   in  clusters;  of  firm 


554  INFLAMMATIONS  OF  THE  LUNGS. 

consistency;  and  vary  greatly  in  number,  from  three  or  four  to  as 
many  hundreds,  the  number  being,  as  a  rule,  inversely  proportionate 
to  the  size  of  the  nodules.  They  are  found  in  the  normal,  or  in  in- 
jected pneumonic  tissue;  are  often  most  numerous  immediately  below 
the  surface,  above  which  they  usually  project  a  trifle;  or  may  be 
scattered  through  the  pulmonary  tissue. 

Occasionally,  however,  they  are  so  abundant  in  one  or  both  bases 
that  the  impression  of  a  lobar  affection  is  developed.  The  cut 
surface  then  has  a  pale,  spotted  appearance;  but  it  never  presents 
the  granular  appearance  so  characteristic  of  croupous  pneumonia. 

The  simultaneous  occurrence  of  atelectatic  and  infiltrated  areas, 
the  non-appearance  of  the  first,  and  the  continuance  of  the  latter,  led 
to  the  mistaken  opinion  that  the  nodules  and  nodes,  which  similar  to 
the  atelectatic  areas  are  found  principally  in  the  bases,  arise  from  the 
atelectatic  areas.  From  the  atelectasis,  so  it  was  believed,  a  paren- 
chymatous inflammation  occurs,  which,  running  a  chronic  course,  leads 
to  connective-tissue  formation,  obliteration  of  the  alveoli,  shrinkage  of 
the  portion  of  lung  affected,  and  permanent  dilatation  of  the  bronchi. 
While  this  process  was  supposed  to  be  characteristic  of  the  develop- 
ment of  the  chronic  variety  of  catarrhal  pneumonia  only,  the  develop- 
ment of  insular  inflammatory  areas  running  an  acute  course  in  the 
most,  if  not  all  cases,  was  regarded  as  a  preliminary  stage  of  atelec- 
tasis. In  the  latter  case  the  inflammation  of  the  mucous  membrane 
spreads  directly  to  the  alveolar  wall  and  gives  rise  to  processes 
analogous  to  those  occurring  in  the  mucous  membranes  in  all  acute 
catarrhal  inflammations. 

Neither  is  the  opinion  of  Buhl  correct  (12  Letters,  p.  65),  that 
what  is  called  "catarrhal  pneumonia"  is  not  pneumonia  at  all,  but 
a  capillary  bronchitis,  an  inflammation  of  the  bronchioles  in  which 
the  lung  takes  part  through  collateral  edema,  atelectasis,  local  emphy- 
sema, and  engorgement,  as  a  result  of  the  secretion  which  is  displaced 
from  the  bronchi  into  the  separate  alveolar  lobes. 

Orth  has  a  different  opinion.  According  to  his  opinion,  "the 
bronchial  contents  harbors  the  causes  of  inflammation  so  that  the 
inflammatory  process  starts  in  the  plug  that  occludes  the  bronchial 
lumen.  The  inflammation  spreads  by  continuity,  affects  first  the 
respiratory  bronchioles,  next  the  adjacent  alveoli,  and  then  the  alveolar 
tubes  and  the  alveoli  nearest  the  terminal  bronchus,  and  so  forth, 
until  finally  the  entire  lobule  is  involved." 

Kromeyer  arrives  at  analogous  conclusions.  According  to  his  in- 
vestigation, the  disease  develops  by  means  of  interstitial  inflamma- 
tory areas  around  the  ends  of  the  bronchi  and  from  the  exudation, 
which  depends  on  these,  into  the  alveolar  spaces.  The  interstitial 
peribronchial  inflammation  is  not  only  the  cause  of  the  filling  of  the 
alveolar  spaces,  but  also  the  cause  of  the  persistence  of  this  exudate, 
as  the  lymph-vessels  are  parth'  obliterated,  partly  limited  in  their 
power  of  resorption  by  the  proliferating  connective  tissue. 

I  have  examined  microscopically  a  large  number  of  lungs  which 
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were  the  seat  of  a  catarrhal  pneumonia,  and  have  come  to  the  follow- 
ing conclusions: 

In  the  bases  of  the  lungs  which  were  permeated  by  so  manj^  numer- 
ous, firm,  coarse  areas  of  infiltration  that  macroscopically  no  atelec- 
tatic areas  were  visible,  there  was  found  in  the  greatest  majority  of 
the  alveoli  of  the  lungs  a  condition  which  I  can  scarcely  describe  better 
than  with  the  name  of  ''alveolar  atelectasis."  These  alveoH  were 
very  small.  The  epithelium  was  swollen ;  and  among  the  mononuclear 
epithelial  cells  there  were  large  cells,  some  without  nuclei  and  some 
polynuclear  forms,  which  I  attribute  to  the  coalescence  of  several 
cells  of  alveolar  epithelium,  as  has  been  fully  explained  above  (p. 
396)  in  the  section  devoted  to  croupous  pueumonia.  In  isolated 
instances  red  blood-corpuscles  were  found  among  these  epithelial, 
elements. 

Accordingly  a  substitution  of  atelectasis  for  nodular  inflammatory 
areas  must  be  excluded  even  in  cases  in  which,  with  a  dense  perme- 
ation of  the  tissue  with  nodules,  marked  atelectatic  areas  were  absent. 

The  infiltrated  areas  of  catarrhal  pneumonia  have  no  direct  rela- 
tion to  the  alveoli.  They  are  due  to  the  encroachment  of  the  in- 
flammation from  the  wall  of  the  bronchiole,  and  through  the  wall  of 
the  same  to  the  surrounding  tissue.  As  a  result  of  the  same  inflam- 
matory process  which  gives  rise  to  the  changes  in  the  inner  wall  of  the 
bronchiole,  and  therefore  has  as  a  result  the  immediate  filling  of  its 
lumen  with  round  cells,  and  eventually  with  red  blood-corpuscles,  the 
entire  wall  of  the  bronchiole  as  well  as  its  external  surrounding, 
becomes  permeated  by  round  cells  and  occasionally  by  red  blood-cor- 
puscles. The  neighboring  alveoli,  whose  contents  ma}^  be  readil}'' 
differentiated  from  the  atelectatic  alveoli  just  described,  are  only 
secondarily  implicated  in  this  process.  In  the  neighborhood  of  the 
inflamed  bronchioles  the  alveoli  are  of  normal  size  and  filled  with  round 
cells,  between  which  also  desquamated  alveolar  epithelium  is  found. 
Red  blood-corpuscles  are  almost  never  found  among  them — a  circum- 
stance which  is  noteworth}^,  on  the  one  hand,  as  compared  with  croup- 
ous pneumonia,  and,  on  the  other  hand,  as  compared  with  the  frequent 
finding  of  red  blood-cells  at  the  beginning  of  an  inflammation  of  the 
bronchioles,  as  well  as  in  their  surroundings  in  catarrhal  pneumonia 
itself.  As  to  fibrin,  which  is  said  by  Damaschino,  Henoch,  Charcot, 
and  Cadet  to  be  present  in  the  alveoli,  neither  Bartels,  nor  v. 
Ziemssen,  nor  myself  have  ever  seen  it.  I  may  refer  in  this  connec- 
tion to  an  obvious  source  of  error.  As  deglutition  pneumonia  has 
usualty  been  counted  as  belonging  to  catarrhal  pneumonia, — even  the 
deglutition  pneumonia  which  occurs  in  animals  after  division  of  the 
pneumogastric  nerve,  which  was  frequently  looked  upon  as  an  example 
of  catarrhal  pneumonia, — I  am  inclined  to  think  that  the  changes 
which  arise  in  the  alveoli  have  been  included  in  these  descriptions ; 
for  in  deglutition  pneumonia  of  man  the  affected  alveoli  are  mostly 
and  especially  filled  by  a  fibrin  net.  Whether  this  is  sufficient  to  ex- 
clude the  appearance  of  fibrin  in  the  alveoli  in  catarrhal  pneumonia, 
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I  must  leave  an  open  question ;  the  erroneous  finding  of  fibrin  in  the 
alveoH  in  catarrhal  pneumonia  is  certainly  partly  explained  by  it. 

Circumscribed  disease  of  the  pleura  may  be  looked  upon  as  a  con- 
comitant of  the  pulmonary  affection.  Subpleural  ecchymoses  and 
circumscribed  inflammations  of  the  pleura  itself  are  observed.  The 
former  are  found  at  the  posterior  border  of  the  lungs,  in  the  neigh- 
borhood of  the  atelectatic  areas,  in  older  cases  also  at  the  base,  as 
well  as  in  the  anterior  parts.  Although  at  first  glance  they  appear 
to  lie  in  the  pleura,  it  nevertheless  shows  itself  upon  vertical  section 
that  they  affect  the  outer  cortical  layer  of  the  pulmonary  tissue 
and  that  the  pleura  is  only  somewhat  bulged  out.  These  ecchy- 
moses are  especially  found  in  the  pneumonias  of  whooping-cough 
and  measles  (v.  Ziemssen).  The  pleura  above  the  inflammatory 
nodules,  -provided  the  latter  extend  to  the  upper  surface  of  the  lung, 
appears  constantly  in  a  lesser  or  milder  degree  inflamed.  The  injection 
in  both  layers  of  the  pleura  is  most  intense,  and  corresponds  in  extent 
exactly  to  the  inflamed  consolidation ;  very  frequently  a  thick  exu- 
date resembling  coagulated  albumin  can  be  detached  from  the  pleura 
(v.  Ziemssen). 

The  emphysema,  which  frequently  occurs  at  the  apices,  especially 
at  the  anterior  borders  of  the  lungs,  may  be  regarded  as  a  simple 
vicarious  change.  As  soon  as  extensive  atelectasis  occurs  in  the 
bases,  a  diminution  in  volume  in  the  lungs  must  occur,  which  must 
be  replaced  by  a  part  of  the  pulmonary  tissue  that  has  not  yet  lost 
its  capacity  for  work  and  into  which  the  air  can  still  enter.  The 
parts  which  lie  nearest  the  periphery,  the  borders  and  apices  of  the 
lungs,  must  do  the  greater  part  of  the  work,  because  they  lie  nearest 
the  thoracic  wall,  and  in  deep  inspiration  must  fill  out  a  larger  space 
than  under  normal  circumstances ;  while  the  more  uniform  expansion 
of  the  remaining  portions  of  the  lobes  that  have  escaped  the  catar- 
rhal pneumonic  process,  and  their  movement  from  above  downward 
and  from  below  upward  during  inspiration  and  expiration  respec- 
tively, prevents  the  permanent  distention  of  the  pulmonary  tissue 
as  a  whole. 


PREDISPOSING  CAUSES  OF  CATARRHAL  PNEUMONIA. 

Catarrhal  pneumonia  is  almost  exclusively  an  affection  of  child- 
hood. [The  term  bronchopneumonia  is  interchangeable  with  catar- 
rhal pneumonia  by  clinicians  in  this  country.  Capillary  bronchitis 
is  also  a  term  used  in  the  works  on  diseases  of  children  for  broncho- 
pneumonia or  catarrhal  pneumonia. — Ed.]  This  opinion  may  be 
proved  in  the  first  place  by  a  strict  limitation  of  the  disease, 
which  is  possible  only  upon  the  basis  of  the  anatomic  definition  pre- 
viously given.  Formerly  catarrhal  pneumonia  was  often  made  to  in- 
clude a  number  of  other  diseases,  which  made  an  exact  conception  of 
this  affection  difficult  in  the  highest  degree.  This  is  true,  above  all, 
of   deglutition  pneumonia,  which  has  no  similarity  with  it,  either 


CATARRHAL  PNEUMONIA.  557 

anatomically  or  otiologically,  and,  further,  of  those  pulmonary  affec- 
tions which  are  due  to  the  inhalation  of  poisonous  gases.  If  these 
varieties  are  excluded,  I  may  say  that,  except  for  influenza  pneu- 
monia, I  have  ne^'er  seen  characteristic  forms  of  catarrhal  pneumo- 
nia in  adults.  Bartels  only  describes  a  case  of  catarrhal  pneumonia 
in  an  adult  woman,  who  during  an  attack  of  measles  died  from  suf- 
focation, and  in  this  case  there  was  not  a  trace  of  pulmonary  col- 
lapse. Both  lungs  showed  a  high  degree  of  edema,  and  at  the  bases 
there  were  several  centrally  situated  areas,  the  size  of  a  pigeon's  egg, 
which  were  mostly  devoid  of  air,  and  friable.  He  refers  the  absence 
of  collapse  to  the  great  inspiratory  powers  in  adults. 

The  nutritive  disturbances  which  we  describe  as  scrofula  and 
rickets,  especially  in  the  first  few  years  of  life,  predispose  in  a 
marked  degree  to  catarrhal  pneumonia.  The  pneumonias  which 
arise  from  such  causes,  quite  properly  called  cachectic  by  Rilliet  and 
Barthez  ,  occur  very  frequently  in  the  poorer  population.  In  this 
hospital  ( Magdeburg- Altstadt)  also  they  furnish  a  very  considerable 
contingent  of  the  diseases  of  children,  and  in  the  majority  of  cases, 
owing  to  their  unfavorable  course,  furnish  as  large  a  contingent  of 
the  mortality  as  acute  gastro-intestinal  catarrh  of  children  arising  in 
the  first  years  of  life. 

Improper  nourishment  and  bad  air  in  the  living  rooms  may  con- 
tribute to  the  development  of  this  form  of  catarrhal  pneumonia 
just  as  well  as  to  the  development  of  scrofula  and  rickets,  so  that 
these  factors  of  themselves  do  not  have  a  direct  etiologic  relation 
with  catarrhal  pneumonia.  Only  a  highly  developed  rachitic  disease 
of  the  ribs  which  prohibits  the  distention  of  the  lower  half  of 
the  thorax  in  inspiration,  keeping  it  retracted,  I  should  like  to 
bring  in  direct  connection  with  catarrhal  pneumonia.  I  have  re- 
peatedly had  an  opportunity  of  observing  it.  Catarrhal  pneumonia 
Tdsjy  also  arise  in  connection  with  catarrh  of  the  bowel  of  long  dura- 
tion. The  cachexia  produced  b}^  catarrh  may  be  looked  upon  as  the 
connecting-link  between  the  two.  But  in  regard  to  these  cachectic 
pneumonias  also,  it  must  be  emphasized  that  their  frequency  varies 
greatly  in  different  j^ears. 

In  the  better  classes  such  pneumonias  are  scarcel}^  ever  observed. 
The  predisposition  is,  in  fact,  rare  among  such  patients.  I  am  in- 
clined to  believe — but  it  is  a  mere  supposition,  based  on  a  small  num- 
ber of  observations — that  in  these  cases,  especiall}^  when  the  disease 
occurs  in  children  between  the  fifth  and  tenth  years  of  life,  the  con- 
stitutional predisposition  is  to  be  ascribed  to  lues  on  the  part  of  one 
or  the  other  parent.  At  least  in  the  few  cases  observed  by  me  this 
was  the  only  fact  in  the  history  which  could  be  definitely  determined. 

Next  to  the  general  bodity  predisposition  the  local  predisposition 
of  the  bronchial  mucous  membrane  plaj^s  the  chief  part. 

"That  the  etiology  of  catarrhal  pneumonia  is  connected  with 
bronchitis"  (v.  Jiirgensen,  W3^ss)  "  cannot  be  determined  with  cer- 
tainty.    The  S3^mptoms  cough  and  fever  may  be  due  to  a  beginning 
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catarrhal  pneumonia,  although  on  the  first  day  of  the  affection  objec- 
tive symptoms  which  favor  catarrhal  pneumonia  may  not  be  demon- 
strable in  the  lungs." 

On  the  other  hand,  infectious  diseases  which  arise  in  infancy  and 
are  accompanied  by  a  catarrh  of  the  bronchial  mucous  membrane 
are  important  precUsposing  causes  of  catarrhal  pneumonia.  To  these 
diseases  belong,  above  all  others,  measles  and  whooping-cough. 

The  most  thorough  investigation  of  the  occurrence  of  catarrhal 
pneumonia  in  connection  with  measles  we  owe  to  Bartels.  The  pre- 
disposition, according  to  his  investigation,  is  greatest  in  infancy.  Of 
the  children  affected  by  measles,  under  one  year  old,  19^%  were 
attacked  by  catarrhal  pneumonia ;  in  the  ages  between  one  and  five 
years,  only  13%;  and  from  five  to  ten  years,  only  101%.  Only  one 
adult,  a  very  poor  and  debilitated  woman  forty-six  years  of  age, 
was  attacked  by  this  pulmonary  inflammation  and  died  of  it.  This 
case  has  previously  been  mentioned  (p.  557).  Bartels  ascribes  an 
important  influence  in  the  production  of  catarrhal  pneumonia  in 
measles  to  unfavorable  conditions  of  life,  with  bad  air  and  poor 
ventilation  in  the  living  rooms.  Tliis  explains  the  rarity  of  the 
complication  in  patients  belonging  to  the  well-educated  and  well- 
to-do  classes. 

As  regards  the  stage  of  measles  which  is  most  likely  to  be  com- 
plicated with  pneumonia,  there  are,  according  to  Bartels,  great  varia- 
tions. Rarely  does  the  pneumonia  develop  during  the  acme  of  the 
exanthem;  in  the  majority  of  the  cases  the  eruption  had  begun  to  fade 
or  was  entirely  faded,  the  fever  had  already  declined,  the  appetite  had 
returned,  and  the  children  had  practical^  convalesced,  only  suffering 
from  decided  bronchial  catarrh,  when,  upon  the  seventh  or  eighth 
day  after  the  appearance  of  the  eruption  fever  phenomena  again 
appeared,  accompanied  immediately  by  marked  dyspnea,  announcing 
the  onset  of  the  pernicious  pulmonary  complication.  In  some  cases 
this  occurrence  takes  place  much  later,  so  that  weeks  may  elapse 
after  the  disappearance  of  the  eruption,  and  the  little  patients,  in 
spite  of  their  catarrh,  may  be  running  about  in  the  open  air. 

That  catarrhal  pneumonia  may  arise  first,  and  in  the  course  of 
the  affection  the  exanthem  of  measles  appear  upon  the  skin,  without 
the  possibility  of  a  doubt  that  the  former  is  an  accompaniment  of 
the  measles,  I  once  had  the  opportunit}^  of  observing.  Perhaps  this 
condition  has  occurred  more  frequently,  but  from  lack  of  sufficient 
proofs  the  etiologic  relation  was  not  established. 

Among  my  observations  there  is  the  case  of  a  boy  aged  nine,  seen 
upon  the  sixth  of  November,  1896.  For  eight  days  there  had  been 
severe  catarrh  of  the  bowel,  some  fever,  cough,  and  coryza.  Upon 
the  ninth  an  eruption  of  measles  occurred.  The  course  of  the  disease 
was  very  favorable.  After  two  days  the  fever  had  disappeared.  His 
sister,  aged  eleven,  developed  fever  and  cough  on  the  4th  of  Novem- 
ber. These  symptoms  lasted  eighteen  days,  the  fever  rising  to  40° 
C.  (104°  F.).     Examination  showed  a  well-developed  catarrhal  pneu- 
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monia  of  both  bases.  The  characteristic  eruption,  however,  did  not 
appear  until  the  22d  of  November,  eighteen  days  after  the  onset 
of  the  catarrhal  pneumonia.  The  fever  la.sted,  under  gradual  decline 
of  the  temperature,  for  five  days.  Convalescence  then  occurred, 
and  the  patient  was  completely  restored  to  health. 

As  opposed  to  my  view,  that  in  this  instance  the  catarrhal  pneu- 
monia was  an  accompaniment  of  the  measles  affection,  although  pre- 
ceding it,  there  is  but  one  other  possible  view:  that  the  catarrhal 
pneumonia  was  an  independent  affection,  not  having  an\-thing  in 
common  \nth  the  former  disease.     This  is  scarcely  justifiable. 

From  this  observation  many  pre^"ious  cases  of  catarrhal  pneu- 
monia occurring  in  children  are  explained,  in  which  the  children 
came  in  contact  with  measles  patients,  but  escaped  the  measles  and 
only  contracted  pneumonia.  I  beheve  myself  justified  in  concluding 
from  this  that  there  is  also  a  rubeolar  catarrhal  pneumonia  occurring 
without  exanthem. 

The  occmTence  of  a  catarrhal  pneumonia  after  whooping-cough  I 
be^e^■e  to  be  rare,  and  the  conversion  of  such  a  pneumonia  into  tuber- 
culosis has  not  been  proved.  The  latter  I  believe  to  be  true,  first,  because 
I  ha^'e  had  an  opportunity  of  observing  that  pulmonary  affections  in 
cliildren  which,  upon  the  ground  of  the  objective  examination,  were 
looked  upon  as  tuberculosis,  ran  their  course  for  weeks  and  months 
imder  the  symptom-complex  of  whooping-cough.  Fm-ther,  I  have 
noted  in  children  who  were  for  weeks  and  months  imder  my  care  on 
account  of  a  cachectic  catarrhal  pneimionia  that  after  the  fatal  out- 
come of  the  affection  no  tuberculosis  was  found  at  the  autopsy. 
[Shemetschenko  *  says  the  specific  whooping-cough  bacillus  (B. 
Afanasiew)  may  produce  pneumonia,  although  most  of  the  cases 
represent  a  mixed  or  secondary  infection. — Ed.] 

More  rare,  even,  catarrhal  pnemiionia  appears  to  be  as  the  result 
of  diphtheria. 

[The  most  interesting  studies  of  ]-ecent  years  h^xe  been  by  the 
authors  indicated  in  the  following  abstract.  Coimcilman,  Mallor\' 
and  Pearce,t  after  a  study  of  220  fatal  cases  of  diphtheria,  report 
as  follows : 

In  131  cases  bronchopneumonia  of  greater  or  less  extent  was  found; 
in  76  it  was  discrete,  in  55  it  was  confluent.  In  9S  cases  it  was  found 
associated  ^^th  diphtheria  only;  in  33  with  diphtheria  complicated 
by  either  scarlet  fever  or  measles.  In  the  majority  of  the  cases  the 
posterior  portion  of  the  lung  was  affected,  especially  of  the  lower 
lobes;  this  was  particularly  true  of  the  confluent  form.  There  was 
foimd  a  definite  relation  between  the  presence  of  membrane  in  the 
lower  respiratory  passages  and  the  occurrence  of  bronchopneumonia. 
Thus,  of  100  cases  with  membrane  (epiglottis,  larynx,  trachea,  or 
bronchi),  bronchopneimionia  w^as  present  in  12% ;  w^hile  in  the  remain- 
ing 120  cases  it  was  present  in  only  48%. 

*  Centralbl.  f.  Bakteriol.,  Bd.  iv,  1888,  p.  300. 
t  Jour.  Boston  Sac.  Med.  Sciences,  vol.  v,  Xo.  5. 
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Of  still  more  interest  is  the  fact  that  of  seventy-six  cases  which 
were  intubated,  80%  had  bronchopneumonia.  The  occurrence  of  the 
discrete  or  the  conglomerate  form  does  not  appear  to  bear  any  relation 
to  the  variety  of  micro-organisms.  Nor  does  the  presence  of  mem- 
brane in  the  bronchi  influence  the  extent  of  solidification. 

The  distribution  of  pneumonia  is  indicated  by  the  following  figures : 
in  27  cases  only  one  lobe  of  the  lung  was  involved;  in  21,  two  or  more 
lobes  of  the  lung;  in  26,  one  or  more  lobes  of  both  lungs.  In  no  case 
was  there  a  definite  lobar  pneumonia.  The  tissue  in  the  vicinity  of 
the  solidification  was  generally  edematous,  but  there  was  little  general 
edema  comparative  to  that  so  commonly  found  in  adults :  that  is,  it 
was  edema  of  inflammation,  not  general  edema  due  to  disturbance 
of  the  circulation.  When  areas  of  bronchopneumonia  joined  pleura, 
the  pleural  surface  was  usually  slightly  cloudy,  and  in  some  cases 
there  was  evidently  a  fibrinous  exudation  confined  to  small  areas. 

Histologically,  all  types  of  exudates  were  found, — purulent,  fibrin- 
ous, hemorrhagic, — sometimes  accompanied  by  necrosis  and  abscess 
formation.  The  type  of  exudation  bore  no  relation  to  the  character 
of  the  infecting  micro-organism.  Pneumococcus,  Streptococcus,  Ba- 
cillus diphtherise,  and  Staphylococcus  pyogenes  aureus  were  com- 
monly found,  their  frequency  being  in  the  order  named. — Ed.] 

Henoch  has  called  attention  to  the  fact  that  in  such  cases  there 
is  not  only  a  simple  extension  of  the  inflammation  from  the  trachea 
downward,  but  that  the  aspiration  of  diphtheritic  products  from  the 
upper  air-passages  plays  an  important  role  in  this  process.  Many 
of  the  pulmonary  inflammations  occurring  in  diphtheria  are  to  be 
regarded  as  croupous  in  character,  so  that  there  is  but  a  small  part 
that  can  be  conceded  to  catarrhal  pneumonia.  [Streptococcus  pyo- 
genes is  often  the  most  active  agent. — Ed.] 

On  the  other  hand,  I  believe  that  influenza,  in  comparison  with  its 
frequency,  is  an  especially  frequent  cause  of  catarrhal  pneumonia, 
and  the  most  important  cause  of  catarrhal  pneumonia  in  adults.  If 
there  were  a  greater  amount  of  material  as  regards  microscopic  ex- 
amination in  my  possession,  I  could  with  more  certainty  than  now, 
after  the  examination  of  four  cases,  say  that  influenza  pneumonia 
is  in  fact  nothing  but  a  variety  of  catarrhal  pneumonia.  Of  course,  I 
must  observe  beforehand  that  such  a  division  may  meet  with  many 
objections;  according  to  the  opinion  of  a  number  of  very  prominent 
authors,  influenzal  pneumonia  may  be  any  one  of  a  number  of 
different  forms  of  pulmonary  inflammation.  Rebert  reports  six 
fatal  cases  as  a  result  of  influenza,  in  which  the  autopsy  showed 
more  or  less  well-developed  pulmonary  inflammation.  In  three 
cases  this  inflammation  took  in  an  entire  lobe,  and  was  therefore  a 
lobar  affection,  but  these  cases  differ  in  many  ways  from  croupous 
pneumonia.  The  cut  surface  of  the  hepatized  lobes  was  smooth,  not 
granular,  the  exudate  soft,  very  rich  in  cells  and  poor  in  fibrin.  In 
one  case  the  lobar  consolidation  of  the  cut  surface  was  di\dded  in  a 
lobular  manner,   and  the   individual   lobules  were    not    uniformly 
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chanfjiod.  In  tliroo  of  tlie  other  observations,  and  partly  also  in  the 
fourth,  the  consolitlation  was  composed  of  separate  areas,  some  pre- 
senting a  fiat,  and  some  a  granular,  surface  on  section.  Taking  into 
account  the  reports  of  other  authors,  Leichtenstern,  in  his  description 
of  pneumonia,  says  that  as  a  result  of  this  disease  croupous  lobar 
and  lobular  pneumonias  also  occur  as  catarrhal  pneumonias.  He 
distinguishes  four  varieties  of  influenza  pneumonia — the  catarrhal 
bronchopneumonia,  the  fibrinous,  the  cellular-fibrinous,  and  the  acute 
lobar  cellular  pneumonia,  which  latter  is  equi^•alent  to  the  acute 
lobar  tlesquamative  pneumonia  described  by  Buhl. 

Pfeiffer  and  Beck,  however,  explain  the  pathologic  picture  of  the 
lungs  in  fatal  cases  of  typical  influenza  pneumonia  as  being  very 
characteristic,  in  so  far  as  no  uniform  hepatization  is  found,  but  more 
rarely  numerous  bronchopneumonic  areas  of  variable  dimensions, 
which  may  partly  become  confluent  and  mostly  occur  at  the  bases. 
In  the  center  of  such  bronchopneumonic  areas  one  frequently  notes 
upon  section  bronchial  twigs,  from  which  a  greenish-yellow,  purulent, 
tough  secretion  can  be  expressed.  Upon  microscopic  examination 
these  plugs  show  themseh-es  to  be  composed  of  pus  cells  that  are 
embedded  in  tough  mucus,  and  one  notes  in  them,  partly  free  and 
partly  embedded  in  cells,  the  typical  influenza  bacilli,  often  in 
enormous  numbers  and  frecjuently  in  pure  culture.  This  proves 
that  the  influenza  sputum  is  produced,  at  least  in  part,  in  the  finer 
ramifications  of  the  bronchial  twigs.  In  the  pulmonary  substance 
itself  one  finds,  near  the  bronchi, — often,  however,  apparently  without 
any  connection  with  these, — the  pneumonic  areas,  which  are  readily 
seen  with  the  naked  e3^e.  In  the  center  of  these  the  entire  tissue, 
alveoU,  and  alveolar  septa,  as  a  rule,  are  filled  with  typical  pus 
cells,  so  that  the  pulmonary  structure  appears  to  have  entirely  dis- 
appeared. The  surrounding  parts  of  the  lung  show  themselves  to 
be  in  a  condition  of  desquamative  inflammation.  The  more  the 
large  cells  which  here  fill  the  aheolar  lumen  are  separated  from 
the  center  of  the  area,  the  more  sparingly  are  leucocytes  mixed  with 
them.  Fibrin  in  these  peculiar  pulmonar}'  changes  can  only  rarely 
be  found. 

The  minute  microscopic  examination  of  the  four  fatal  cases  of 
influenza  pneumonia  occurring  in  the  winter  of  1896-97  forced  me  to 
revise  the  opinion  based  on  the  macroscopic  examination  of  six  cases 
which  came  to  autopsy  during  the  epidemic  of  influenza  pneumonia 
in  the  year  1890.  At  that  time  I  also  inclined  to  the  opinion  that, 
in  view  of  the  uniform  implication  of  one  or  several  lobes  in  rapidly 
fatal  cases,  and  in  view  of  the  almost  entire  absence  of  air  in  the 
tissue, — in  other  words,  the  hepatization, — the  process  was  more 
like  croupous  than  like  catarrhal  pneumonia.  This  view  was  appar- 
ently confirmed  by  the  occurrence  of  scattered  areas  which  could 
only  with  difficulty  or  not  at  all  be  differentiated  from  the  gray  hepati- 
zation of  a  croupous  pneumonia. 

But  in  spite  of  the  apparently  uniform  implication  of  the  tissue  of 
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an  entire  pulmonary  lobe,  the  character  of  the  bronchial  vessels  and 
the  contents  of  the  finest  bronchi  showed  on  microscopic  examina- 
tion that  the  affection  in  question  was  a  catarrhal  pneumonia.  The 
statement  in  regard  to  the  classification  of  pulmonary  inflammations 
on  page  381, — namely,  the  uselessness  of  a  division  into  lobar  and 
lobular  inflammation, — applies  with  especial  force  to  influenza  pneu- 
monia. As  little  as  lobar  is  identical  with  croupous,  just  so  little  is 
lobular  identical  with  catarrhal;  a  catarrhal  inflammation  of  the 
lungs  may  occur  in  an  entire  lobe  in  toto.     It  may,  therefore,  be  lobar. 

In  no  other  variety  of  catarrhal  pneumonia,  however,  have  I  seen 
such  uniform  implication  of  one  or  more  lobes  as  occurs  in  influenza. 
As  I  carefully  examined  the  specimens  taken  from  the  before-men- 
tioned cases,  which  were  stained  with  a  Bioncli-Heidenhain  mixture, 
I  was  astounded  to  find  that  in  regard  to  the  condition  of  the  vessels 
I  could  not  find  the  sHghtest  parallel  with  the  condition  which  occurs 
in  croupous  pneumonia.  The  arteries  and  capillaries  of  the  finest 
bronchi  were  completely  filled,  the  lumen  of  the  finest  bronchioles 
contained  desquamated  epithelium  and  numerous  white  and  red 
blood-corpuscles. 

If  the  definition  given  by  me  for  catarrhal  pneumonia — inflam- 
mation of  the  mucous  membrane  of  the  smallest  bronchi  and  inflam- 
matory hyperemia  of  the  bronchial  vessels  (compare  Plate  5,  Figs. 
6  and  7),  which  does  not  occur  in  croupous  pneumonia  (compare 
Plates  4  and  5,  Figs.  1  to  5) — be  correct,  the  influenza  pneumonia 
must  also  be  included  under  catarrhal  pneumonia. 

I  must  emphasize  only  one  difference  in  regard  to  the  overfilling 
of  the  vascular  system  between  catarrhal  pneumonia  arising  in  the 
course  of  influenza  and  the  catarrhal  pneumonia  occurring  from  other 
causes.  In  influenza  there  was  found  the  highest  grade  of  hyperemia 
at  the  transition  of  the  bronchioles  into  the  alveoli  and  in  the  walls 
of  the  alveoli  themselves,  v\'hereas  this  hyperemia  in  other  cases  stops 
short  of  the  alveoli. 

This  condition  of  the  vessels  best  explains  the  occurrence  of  gray 
areas  in  the  uniformly  inflamed  red  basic  tissue  in  influenza  pneumo- 
nia. These  gray  areas  are  unquestionably  alveolar  inflammatory  foci, 
which  are  produced  by  the  filling  of  the  alveoli  with  white  blood- 
corpuscles,  without  an  accompanying  fibrinous  exudation.  Their 
origin  may  be  explained  by  the  fact  that  the  inflammatory  hyper- 
emia of  the  wall  of  the  terminal  bronchi  is  continued  to  the  walls  of 
the  alveoli,  and  here  gives  rise  to  an  exudation  which  is  analogous  to 
that  which  takes  place  in  the  smallest  bronchi,  but  must  take  a  shape 
corresponding  to  the  locality. 

It  would  therefore  be  superfluous  to  make  the  attempt  to  explain 
such  alveolar  pneumonic  areas  as  due  to  the  combined  action  of  the 
influenza  bacillus  and  the  pneumococcus,  especially  as  the  attempt 
to  prove  the  existence  of  pneumococci  in  influenza  pneumonia  cannot 
be  looked  upon  as  having  been  successful.  Wassermann  says :  "The 
opinion  that  influenza  produces  the  field  in  which  the  pneumococci 
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and  streptococci  may  dovolop  thoir  pathogenic  activity  (Ruliemann) 
would  only  then  be  tenable  if  in  the  case  of  influenza  pneumonias  we 
always  found  pneumococci  and  streptococci.  This  is,  however,  not 
the  case;  on  the  contrary,  they  are  almost  always  absent,  so  that  in 
pure  uncom])licate(l  cases  the  pneumonic  sputum  is  found  to  contain 
only  an  absolutely  pure  culture  of  influenza  bacilli.  According  to 
this,  such  a  pneumonia — and  during  an  epidemic  there  are  mostly 
cases  of  this  kind — cannot  be  looked  upon  as  an}^  other  complication 
of  influenza,  but  simply  the  extension  of  one  and  the  same  process  from 
the  bronchi  into  the  pulmonar}-  tissue.  In  other  words:  Influenza 
pneumonia  has  nothing  in  common  with  genuine  croupous  pneumo- 
nia.    It  is  a  variety  in  itself." 

I  must  add  that  in  the  fluid  separated  from  the  lung  tissue  in 
influenza,  in  addition  to  numerous  influenza  l^acilli,  diplococci  of 
pneumonia  are  also  found.  Does  this  render  the  above  deductions 
worthless?     From  the  histologic  findings,  certainh'  not. 

Influenza  pneumonias,  although  they  arise  from  a  catarrhal  in- 
flannnation,  usually  assume  a  lobar  form,  and  very  rarely  lead  to 
the  production  of  lobular  areas,  because  the  affection  almost  always 
occurs  in  adults.  In  children  the  exudate  which  is  produced  in  the 
bronchioles  easih^  leads  to  occlusion,  and  the  plugs  produce  peribron- 
chial inflammation,  resulting  in  lobular  areas.  In  adults,  on  the  other 
hand,  the  inspiratory  powers  may  remove  the  obstruction  and  keep 
open  the  air-passages  into  the  alveoli,  thus  retarding  and  sometimes 
even  preventing  the  production  of  lobular  peribronchial  areas,  and 
a  diffuse  spreading  of  the  inflammation  over  all  terminal  bronchi,  or. 
in  other  w^ords,  producing  a  lobular  form  of  the  affection.  [In  short, 
influenza  ma}'  be  attended  by  influenza  pneumonia,  from  the  Pfeiffer 
bacillus,  or  may  invite  other  pneumonic  infections,  as  from  the 
pneumobacillus,  the  staphylococcus,  or  the  streptococcus. 

Houl  *  considers  many  bacteria  which  are  causal,  as : 

Streptococcus  pyogenes  may  be  the  cause  of  a  primary  pneu- 
monia, of  an  acute  lobar  pneumonia,  though  more  often  of  the  lobular 
type.  Mosny  f  tells  of  a  case  of  such  a  streptococcic  pneumonia, 
derived  from  contact  with  a  patient  suffering  from  facial  erysipelas. 
As  the  cause  of  the  secondary  pneumonias  following  the  infectious 
fevers,  and  of  the  aspiration  pneumonias,  the  streptococcus  is  pre- 
eminent. Holdken  describes  a  similar  infection  in  four  cases  in  the 
same  house,  tw^o  fatal;  streptococci  recovered  from  blood.  Neiss- 
mayer  reports  three  cases  also,  and  thinks  the  duration  longer  than 
ordinary  in  this  form  of  infection. 

Staphylococcus  pyogenes  aureus  and  albus  are  often  the  cause 
of  the  secondary  pneumonia  of  the  infectious  diseases,  either  alone 
or  more  usually  in  combination  with  other  micro-organisms. 

Various  micro-organisms  have  been  occasionally  described  as  the 
cause  of  single  or  a  few  cases  of  pneumonia.     Thus  Schau  |  tells  of  a 

*  "  Ergebnisse  der  allgemeinen  Aetiologie  der  Menschen,"  etc.,  1896,  i,  p.  667. 
t  La  Semaine  Med.,  1890,  No.  7.  J  Fortschritte  derMedicin,  1885,  No.  1.5. 
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Bacillus  pneumonicus  agilis,  which  Neumann*  found  in  a  case  of  pneu- 
monia occurring  during  the  course  of  variola.  Kleinf  describes  a 
Bacillus  pneumonia',  probably  identical  with  Friedlander's  pneu- 
mobacillus.  Hosier  J  found  a  special  bacillus,  and  Babes  §  de- 
scribes a  Bacillus  pneumosepticus  isolated  from  a "  case  of  septic 
pneumonia.  The  Bacillus  enteritidis  is  made  responsible  for  a  case 
of  pneumonia  by  Lubarsch,||  and  Marchand  **  found  a  Bacillus 
capsulatus.  Alfierift  tells  of  a  special  bacillus,  which  grows  as  the 
typhoid  bacillus  does,  but  is  stained  by  the  Gram  method,  and  pro- 
duces a  foul  odor  when  cultured.  Fischer  and  Levy  J  J  think  the 
Bacterium  coli  was  the  active  agent  in  causing  a  bronchopneumonia 
after  an  operation  for  a  gangrenous  hernia.  Koch's  bacillus  is  the 
immediate  cause  of  pneumonia  tuberculosa  or  pneumonia  caseosa, 
though  Ortner§§  considers  the  disease  a  mixed  infection,  in  which  the 
pneumococcus  prepares  the  way  for  the  tubercle  bacillus,  which  works 
upon  the  already  affected  lung;  i.  e.,  changes  the  cellular  exudate  into 
a  cheesy  one.  Fraenkel  and  Troje  ||  ||  oppose  this  view,  and  con- 
sider the  pneumonia  of  tuberculosis  as  due  primarily  to  the  tubercle 
bacillus.  Terray  ***  states  that  in  a  case  in  which  croupous  pneumonia 
and  tuberculosis  had  been  diagnosticated,  both  Friedlander's  pneu- 
mobacillus  and  the  tubercle  bacillus  were  found.  Section  proved  the 
diagnosis  to  be  correct.  Bacillus  mallei  may  be  the  primary  cause 
of  pneumonia,  reaching  the  lung  with  the  inspired  air  or  through 
the  circulation.  A  secondary  septic  pneumonia  may  also  develop 
upon  the  favorable  soil  found  during  or  after  an  attack  of  glanders. 
Finally,  I  must  mention  as  a  cause  of  catarrhal  pneumonia  in 
children  the  action  of  irritating  substances  upon  the  mucous  mem- 
brane of  the  bronchi.  At  least  I  may  bring  the  continuous  inhalation 
of  smoke,  which  may  lead  to  unconsciousness  during  a  fire,  into  this 
category.  On  the  27th  of  February,  1897,  the  wife  of  the  workman 
L.  had  a  business  engagement.  She  locked  her  house  and  left  her  three 
perfectly  healthy  children,  two  girls  aged  five  and  three,  and  a  boy 
aged  six,  in  the  house  without  any  one  to  take  care  of  them.  When 
she  returned  after  two  hours,  at  eleven  o'clock  in  the  morning,  the 
room  was  full  of  dense  smoke ;  the  children  were  found  lying  uncon- 
scious upon  the  floor.  A  large  feather-bed  was  partly  burned  and  still 
smoking.  The  children  had  found,  as  frequently  occurs,  matches,  and 
in  this  way  the  accident  occurred.     Upon  the  advice  of  a  physician 
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Avho  was  called  in,  both  of  the  elder  children  were  adniitted  to  the 
hospital  in  the  afternoon;  the  mother  retained  the  youngest,  which 
tlied  after  twentA^-four  hours.  Both  of  the  elder  children  were  still 
unconscious  when  adniitted.  After  some  cold  a))))lications  they  re- 
gained consciousness.  The  three-year-old  girl  had  marked  cough. 
Her  temperature  in  the  evening  was  40.3°  C.  (104.5°  F.).  The  respira- 
tions were  very  frequent — 60  in  the  minute.  Percussion  of  the  lungs 
showed  nothing  abnormal ;  auscultation  over  both  lungs  showed 
sibilant  and  sonorous  rfdes.  The  next  day  crepitation  could  be 
elicited  over  the  right  base.  Somewhat  later,  crepitation  was  also 
noted  at  the  left  base.  While  these  objective  changes  as  well  as  the 
fever  persisted  the  dyspnea  continued,  and  four  days  after  the 
accident  death  occurred.  The  autopsy  showed  a  typical  catarrhal 
pneumonia  of  both  bases  and  of  the  middle  lobe.  In  a  microscopic 
examination  all  of  the  above-mentioned  criteria  of  these  pneumonias 
were  absolutely  determined.  In  the  oldest  boy,  aged  five,  a  catarrhal 
pneumonia  also  occurred,  which  ran  its  course  with  very  severe 
symptoms,  but  terminated  in  recovery. 

The  similarity  of  the  affection  in  both  of  the  older  children,  who 
up  to  that  time  had  been  well,  allows  us  to  refer  the  origin  of  the 
pulmonary  changes  to  the  inhalation  of  the  smoke.  It  must  remain 
undecidecl  whether  the  deleterious  effect  upon  the  mucous  membrane 
of  the  finer  bronchi  was  produced  by  the  smoke  itself  or  by  any  other 
product  of  the  smoke  which  was  inhaled.  The  influence  of  the  latter 
appears  to  me  to  be  the  more  likely;  at  least  I  was  not  able  to  find 
any  particles  of  coal-dust  in  the  lungs. — Ed.] 


ETIOLOGY  OF  CATARRHAL  PNEUMONIA. 

As  a  direct  cause  of  catarrhal  pneumonia  we  must  look  upon  the 
action  of  the  bacteria  upon  the  mucous  membrane  of  the  smaller 
bronchi.  But  the  fact  that  the  affection  shows  no  uniform  character, 
in  so  far  as  it  may  be  partly  primary  and  partly  occur  in  connection 
with  other,  especially  acute  diseases  localized  in  the  mucous  mem- 
brane of  the  air-passages, — for  example,  measles,  influenza, — the 
assumption  is  tenable  that  many  forms  of  bacteria  may  give  rise  to 
the  disease.  The  assumption,  which  is  tenable  in  other  affections, 
that  a  special  variety  of  bacillus  is  added  to  that  of  the  primary 
affection,  as,  for  example,  measles,  is  negatived  in  this  disease  b}'  the 
fact  already  referred  to  that  the  poison  of  measles  may  first  pro- 
duce a  catarrhal  pneumonia,  while  the  rash  need  not  occur  until 
after  the  pulmonar}'  affection  has  existed  for  some  time,  or  may  even 
be  absent  entirely. 

Cornil  and  Babes  quite  properly  declare  that  in  bronchopneumonia 
in  general  the  micro-organism  of  the  various  infectious  diseases  that 
give  rise  to  the  pulmonary  affection  are  found.  Netter  examined 
95  cases  of  bronchopneumonia — 53  in  adults,  42  in  children.     The 
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bacteriologic  examination,  however,  developed  four  different  varieties 
of  bacteria :  Pneumococcus,  Streptococcus  pyogenes,  the  capsule  ba- 
cillus of  Friedlander,  and  Staphylococcus  pyogenes  aureus.  As  a  rule, 
a  bronchopneumonic  area  only  contains  one  form  of  these  micro- 
organisms, but  several  varieties  may  be  noted  in  the  same  area,  and 
especially  in  children.  The  streptococci  have  been  most  frequently 
found  in  pneumonias  occurring  in  the  course  of  diphtheria,  erysipe- 
las, and  puerperal  fever. 

No  other  or  more  exact  results  have  been  developed    by  later 
investigations  [except  in  the  case  of  diphtheria. — Ed.]. 


THE  SYMPTOMS  OF  CATARRHAL  PNEUMONIA. 

Catarrhal  pneumonia  belongs  to  those  diseases  which  are  char- 
acterized by  great  variabilit}^  of  symptoms,  as  well  as  by  a  duration 
which  may  vary  within  wide  limits. 

With  reference  to  the  latter  circumstance,  the  duration  of  the 
affection,  an  acute  and  a  chronic  form  may  be  distinguished.  Such 
a  division  is,  however,  without  special  value.  A  classification  to 
correspond  strictly  to  the  course  of  the  affection,  should  include 
onl}^  acute  and  subacute  forms,  for  there  are  cases  which,  as  regards 
the  symptoms,  and  especially  the  continuous  high  fever,  must  be 
designated  acute,  although  they  last  up  to  three  weeks ;  whereas  the 
cases  which  are  designated  chronic  rarely  last  longer  than  three 
months. 

This  variability  in  the  duration  of  the  affection  depends  upon  the 
different  forms  of  inflammation  previously  mentioned.  A  primary 
catarrhal  pneumonia,  arising  in  previously  healthy  children,  rarely 
lasts  less  than  a  week  or  longer  than  three  weeks.  The  variety  occur- 
ring after  measles  and  whooping-cough  may  terminate  fatally  in  three 
days,  but  may  also  last  for  weeks.  Cachectic  catarrhal  pneumonia, 
arising  in  scrofulous  and  rachitic  children,  lasts  from  one  to  three 
months  and  usually  terminates  fatally. 

The  slowest  course,  according  to  v.  Ziemssen,  is  observed  in  the 
catarrhal  pneumonia  which  develops  after  whooping-cough.  The 
antecedent  atelectasis,  the  slow  development  of  the  infiltration,  the 
moderate  degree  of  fever,  the  substantive  emphj^sema  of  the  upper 
lobes,  which  almost  always  complicates  these  pneumonias,  are  phe- 
nomena which  deviate  markedly  from  the  picture  of  the  pneumonia 
occurring  in  measles. 

The  character  and  severity  of  the  symptoms,  like  the  duration, 
vary  in  the  different  forms  of  the  affection.  I  saw  a  primary  catar- 
rhal pneumonia  in  a  girl  aged  nine  which  led  to  high  fever  lasting 
fourteen  clays,  but  presented  no  other  subjective  symptoms,  ran  its 
course  almost  without  cough,  and  was  only  demonstrable  by  dulness 
and  feeble  respiration  over  one  of  the  lower  lobes.  Recovery  took 
place  in  this  case. 
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As  a  rule,  howcNcr,  marked  symptoms  arc  present  on  the  part  of 
the  res])iratory  organs,  whicli,  l)esi(l(>s  the  fever,  plainly  characterize 
the  affection. 

The  fever  itself  usually  rises  slowly  in  the  primary  form.  Inside 
of  three  days  it  may  reach  a  considerable  height.  Temperatures  of 
over  40°  C.  (104°  ¥.)  are  not  rare.  The  fever  may  persist  at  this 
le-vel  with  only  slight  morning  remissions  for  eight  days;  in  some 
few  cases  e\-en  longer ;  the  d(>fervescence  is  usually  slow  by  l3'sis. 

Catarrhal  pneumonia  occurring  after  measles  is  especially  char- 
acterized by  high  fever.  If  the  pneumonia  occur  during  the  eruptive 
period  (^f  measles,  then  it  is  usual  for  a  marked  increase  of  the  fever 
to  occur.  If  the  temperature  is  neglected,  the  complication  of 
pneumonia  may  easily  be  overlooked.  Von  Ziemssen,  therefore, 
lays  great  value  upon  a  thermometric  record  of  the  fever,  because 
without  this,  a  well-developed  bronchopneumonia  or  a  croupous  pneu- 
monia may  easily  be  overlooked.  The  physical  signs  are  very  simi- 
lar to  those  of  a  croupous  pneumonia.  A  markedly  developed  dul- 
ness,  which  does  not  necessarily  always  have  to  occur  over  a  low^er 
lobe,  usually  arises  at  the  height  of  the  rash,  with  other  severe  symp- 
toms, or  during  the  period  of  desquamation,  wdthin  thirty-six  to 
forty-eight  hours.  Whereas,  however,  in  croupous  pneumonia  a 
sudden  fall  in  the  fever,  wdth  critical  symptoms,  occurs  in  the  greatest 
majorit}^  of  cases,  this  is  almost  entirely  absent  in  catarrhal  pneu- 
monia. In  the  latter  the  temperature  comes  down  gradually,  so 
that  the  normal  temperature  is  reached  on  the  third  or  fourth  day 
from  the  beginning  of  defervescence,  at  the  earliest. 

Unquestionably  this  point  of  v.  Ziemssen 's  in  reference  to  the 
course  of  the  temperature  is  of  great  value  for  diagnosis,  but  it  does 
not  prove  the  occurrence  of  catarrhal  pneumonia  in  the  apices,  which 
I  have  neA^er  seen  even  in  measles. 

A  lower  temperature  is  usually  observed  in  the  cachectic,  catar- 
rhal pneumonias.  In  fatal  cases  the  fever  may  occasionally^  be  ab- 
sent entirely,  especialh^  toward  the  end  of  the  affection.  Even  sub- 
normal temperatures  may  occur.  Steffen  lays  great  stress  upon  the 
sudden  development  of  subnormal  temperature  in  children  in  the  first 
years  of  hfe.  He  regularly  found  dulness  over  the  posterior  surfaces 
of  the  lungs  in  these  cases. 

The  object i^'e  examination  of  the  lungs  yields  very  variable  re- 
sults, which  depend  in  every  case  upon  the  duration  of  the  affec- 
tion, and  in  an  indiAddual  case  on  the  number  of  individual  inflam- 
matory areas. 

At  first,  auscultation  over  the  affected  areas  of  the  lung  only  shows 
the  signs  of  a  catarrh — feeble  breatliing,  A^-ith  moist  rales.  Ihis,  in 
connection  with  the  febrile  conditions,  is  an  important  diagnostic 
point.  If,  however,  only  medium-sized  moist  rales  later  develop,  it 
will  require  very  careful  investigation  and  the  help  of  all  other  sub- 
jective and  objective  symptoms,  especially  the  results  of  percussion, 
to  determine  the  diagnosis.     Only  if  bronchial  breathing  occurs  in  the 
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further  course  of  the  affection,  a  positive  diagnostic  sign  is  given  by 
auscultation,  but  this  does  not  frequently  occur.  The  bronchopneu- 
monic  areas  must  have  become  very  numerous  so  that  they  almost 
coalesce. 

Percussion  may  give  rise  to  mistakes  in  diagnosis,  and  this  must 
be  especially  emphasized.  I  have  repeatedly,  in  percussion  of  the 
posterior  surface  of  the  thorax  over  the  apices,  found  a  dull  note; 
whereas,  upon  the  base  the  percussion  note  was  hollow  and  slightly 
tympanitic.  As  in  such  cases,  at  least  over  the  fossae  supraspinatse, 
there  is  at  least  rough,  almost  bronchial,  breathing,  I  formerly  believed 
that  the  catarrhal  pneumonia  must  also  have  affected  the  apices. 
The  autopsy — ^these  cases  were  almost  exclusively  in  cachectic  chil- 
dren who  usually  died — showed  me  that  I  was  mistaken.  The 
apices,  in  spite  of  the  results  of  the  phj-sical  examination,  were  normal; 
the  affection  occurred  exclusively  in  the  bases.  These  changes  in 
the  percussion  note  over  the  normal  apex  can  be  explained  only  by 
the  fact  that  under  the  influence  of  the  changes  at  the  base"^  the 
tension  of  the  normal  tissue  at  the  apices  had  been  modified,  so  that 
the  percussion  note,  as  compared  with  the  high  tympanitic  quality 
over  the  lower  lobes,  appeared  empty  and  almost  dull.  The  error 
may  also  be  partly  due  to  the  difference  between  the  tympanitic 
note  over  the  lower  lobes  and  the  note  obtained  over  the  upper 
lobes,  which  give  forth  a  percutory  note  that  is  but  little  shorter  than 
the  note  obtained  over  a  normal  lung,  so  that  the  latter  is  apt  to  be 
mistaken  for  dulness. 

Such  clinical  findings  may  explain  the  assumption  that  catarrhal 
pneumonia  in  children  may  also  occur  at  the  apices.  Of  more  value 
and  more  characteristic  is  the  percussion  over  the  bases  in  the 
further  course  of  the  affection.  As  soon  as  dulness  occurs  over  both 
lower  lobes,  or  only  over  one  with  a  shortened  or  tympanitic  per- 
cussion note  over  the  other,  the  previously  mentioned  predisposing 
causes,  taken  in  conjunction  with  the  febrile  phenomena  and  the 
results  of  auscultation,  make  up  a  complete  group  of  symptoms, 
which  suffices  to  render  the  diagnosis  fairly  definite. 

But  in  most  cases  the  results  of  percussion  are  not  so  characteristic. 
They  consist  merely  in  a  slightly  tympanitic  element  in  the  percus- 
sion note  over  the  bases.  Usually  the  degree  of  this  note  is  unequal, 
if  we  percuss  different  areas  of  the  same  base ;  but  this  in  itself  is  a 
valuable  diagnostic  sign.  Equally  valuable  is  the  fact  that  in  the 
course  of  the  disease,  within  a  short  period,  even  between  one  morn- 
ing and  the  second,  or  upon  the  evening  of  the  same  day,  an  exami- 
nation will  show  that  the  note  over  the  bases  changes,  that  one  area 
which  was  tympanitic  in  the  morning,  irl  the  evening  gives  an  empty 
high-pitched  note. 

The  increased  feeling  of  resistance  also  which  is  noted  in  per- 
cussion of  the  thorax  over  the  infiltrated  areas  has  had  great  stress 
laid  upon  it  by  Wyss.  This  change  of  resistance  is  the  more  easily 
demonstrated,  the  more  extensive,  the  thicker,  and  the  more  densely 
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infiltrated  the  pulmonary  areas  are.  The  determination  of  the  re- 
sistance is  of  value  in  all  parts  of  the  thorax,  but  especially  in  those 
which  are  sparinf2;ly  covered  with  soft  parts;  that  is,  the  posterior  and 
lateral  surfaces  of  the  chest. 

Cough  is  one  of  the  symptoms  that  are  coiLstantly  present. 
The  case  quoted  above,  in  which  no  cough  occurred,  may  be  looked 
upon  as  extraordinarily  rare,  and  need  scarcely  be  taken  into  con- 
sideration. As  a  rule,  the  attacks  of  cough  are  brief;  but  they  may 
occur  very  frequent  1\'.  I  have  never  observed  any  marked  changes 
in  the  A'ariety — that  is,  in  the  intensity  and  duration  of  the  paroxysms 
of  cough  in  measles — due  to  the  complication  of  a  catarrhal  pneu- 
monia. If  whooping-cough  precedes  the  affection,  the  characteristic 
parox}'sms  of  cough  arc  said  to  disappear  during  the  catarrhal  pneu- 
monia. I  myself  have  never  had  occasion  to  notice  such  a  modifi- 
cation.    [The  editor  has  frequently  observed  this.] 

Occasionally  there  is  a  simultaneous  catarrh  of  the  larynx ;'l  e., 
hoarseness  and  aphonia.  This  complication  may  make  the  diag- 
nosis of  the  condition  very  difficult.     I  shall  revert  to  this. 

Sputum  is  not  present  in  children  in  the  first  years  of  life;  it  is 
swallowed.  The  bronchial  secretion  in  general  docs  not  appear  to 
be  particularly  copious. 

Pains  are  not  frequent ;  they  increase  still  further  the  respiratory 
frequency,  which  is  alread}'  quite  marked.  In  children  in  the  first 
years  of  life  60  and  even  80  respirations  per  minute  are  not  rare. 
"With  this,  as  a  rule,  there  is  no  irregularity.  In  cachectic  catarrhal 
pneumonia  the  respiratory  frequency  need  not  be  especially  increased. 

Cyanosis  of  the  skin,  especially  of  the  lips,  is  frequently  ob- 
served. With  an  improvement  in  the  disease  the  respiratory  fre- 
quency decreases  and  cyanosis  rapidly  disappears. 

Occasionally  marked  dyspnea  occurs.  It  is  impossible  for  chil- 
dren to  he  upon  their  backs.  The}-  sit  up  for  hours  in  their  beds. 
Once  I  saw^  a  strong  child  one  year  of  age,  affected  by  catarrhal  pneu- 
monia, stand  the  entire  day;  every  attempt  to-get  it  to  assume  the 
recumbent  posture  was  useless.  Only  at  night  would  it  lie  for  some 
hours  upon  its  back  while  sleeping. 

In  connection  with  dyspnea  a  retraction  in  the  lower  parts  of 
the  thorax  may  occur.  A  prececUng  rickets  may  not  be  without 
influence  upon  the  frequency  of  this  occurrence;  however,  this  may 
occur  independent  of  it.  Of  importance  for  the  origin  of  this  retrac- 
tion is  the  distribution  of  the  consolidated  areas,  as  well  as  atelec- 
tasis, at  the  bases  of  the  lungs.  The  larger  these  are,  the  smaller  must 
be  the  volume  of  the  entire  lower  lobe  of  the  lung.  In  inspiration 
such  a  diminished  lower  lobe  must  be  drawn  down  by  the  dia- 
phragm, into  a  part  of  the  thorax  whose  frontal  and  sagittal  diam- 
eters must  increase  from  above  downward.  Under  normal  circum- 
stances this  is  compensated  for  by  the  expansion  of  the  alveoli  of  the 
lung,  or,  in  other  words,  the  distended  lower  portion  of  the  thorax 
is  filled  by  the  lower  lobes  during  inspiration.     If,  however,  such  an 
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expansion  of  the  lung  is  not  possible,  the  retraction  at  the  lower 
aperture  of  the  thorax  must  compensate  for  the  increase  in  the  vol- 
ume of  the  thoracic  space  caused  by  the  inspiratory  depression  of 
the  vault  of  the  diaphragm. 

If  such  a  retraction  occur  with  simultaneous  hoarseness,  then  the 
differentiation  from  croup,  with  an  existing  stenosis  of  the  lar3^nx, 
and  a  retraction  of  the  lower  parts  of  the  thorax  due  to  this,  may  be- 
come exceedingly  difficult,  especially  in  cases  wdiich  are  treated  in  a 
late  stage  of  the  disease. 

Some  differences  from  the  symptoms  here  described  are  observed  in 
influenza  pneumonia,  which,  in  contrast  to  all  other  forms  of  catarrhal 
pneumonia,  occurs  in  adults.  Leydensays  ^^^:  Influenza  pneumonia 
has  many  peculiarities.  In  some  cases  true  hepatization  does  not 
occur.  The  congestion  of  the  lungs  shows  itself  by  crepitant  rales  ; 
which  appear  and  disappear  rapidly;  in  a  number  of  cases  no  real 
dulness  or  bronchial  breathing  occurs ;  nevertheless  these  cases  run  a 
course  similar  to  that  of  a  regular  pneumonia ;  that  is,  there  is  usually 
high  fever  up  to  the  sixth,  even  to  the  seventh  day,  when  the  crisis 
occurs.  The  expectoration  in  some  few  cases  is  distinctly  rusty;  in 
other  cases  there  is  no  bloody  expectoration,  while  in  a  third  group 
of  cases  a  trace  of  glairy,  slightly  bloody,  or  rusty  sputum  is  obtained, 
which  is,  however,  much  less  abundant  than  in  the  usual  typical 
cases  of  pneumonia.  The  course  of  these  cases  usually,  but  not  al- 
ways, coincides  with  that  of  the  local  affection ;  some  few  cases  ter- 
minate fatally  without  arriving  at  a  well-marked  pneumonic  infiltra- 
tion. [Suppression  of  breath  sounds,  moist  rales,  and  impaired 
resonance  over  an  entire  lung  posteriorly  may  be  the  only  physical 
sign. — Ed.] 

Among  other  organs  affected  by  this  process  in  a  symptomatic 
respect  the  nervous  system  requires  special  description.  Children 
are  usually  very  restless.  They  throw  themselves  from  side  to  side 
and  are  delirious.  In  a  few  cases  I  have  seen  rigidity  of  the  muscles 
of  the  neck ;  these  cases  terminated  fatally.  At  the  autopsy  no  ab- 
normality of  the  brain  or  of  the  meninges  could  be  seen  macroscopi- 
cally.  Even  the  fluid  of  the  ventricles  could  scarcely  be  said  to  be 
increased. 

In  other  cases  the  children  are  almost  constantly  somnolent.  As 
in  these  cases  there  is  usually  cyanosis  of  the  skin,  it  is  obvious  that 
this  condition  of  the  sensorium  depends  principally  upon  a  deficient 
oxidation  of  the  blood. 


COMPLICATIONS  AND  COURSE. 

A  complete  review  of  all  the  literature  in  reference  to  the  compli- 
cations and  course  of  catarrhal  pneumonia,  after  the  definition  of  the 
disease  which  has  here  been  given,  would  be  exceedingly  difficult. 
The  majority  of  physicians  who  have  given  detailed  descriptions  of 
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catarrhal  pneumonia  have  inckided  degUitition  pneumonia  as  one  of 
the  varieties,  and  laid  the  sequels  of  this  disease  promiscuously  at 
the  door  of  catarrhal  pneumonia.  In  a  description  in  which  these 
two  essentially  different  \arieties  are  treated  separately  these  experi- 
ences can  only  be  partially  utilized. 

The  statement  that  pleurisy  is  a  comparatively  frequent  complica- 
tion of  catarrhal  jmeumonia  seems  to  me  to  be  very  uncertain.  Accord- 
ing: to  my  investigations,  it  is  a  very  rare  complication  of  pneumonia, 
whereas  in  deglutition  jmeumonia  I  have  found  it  very  frequent.  In 
these  rare  cases  the  ])leural  exudate  was  quite  as  frequenth-  purulent 
as  it  w'as  serous.  Following  measles,  I  saw^  once  in  a  boy  aged  five 
an  empyema  filling  nearly  the  entire  left  side  of  the  thorax,  and  by 
means  of  resection  of  the  ribs  a  cure  was  obtained  without  deformity 
of  the  spinal  column.  The  boy  is  now  fourteen  years  old  and  for  the 
past  six  months  has  had  a  slight  infiltration  of  the  right  apex. 

Pneumothorax  was  seen  by  Steffen,  in  his  76  cases  of  stripe  pneu- 
monia, but  twice.  I  cannot,  however,  look  upon  these  two  cases  as 
belonging  to  catarrhal  pneumonia. 

Most  difficult  is  the  ansAver  to  the  question  as  to  the  frequency 
of  tuberculosis,  especially  miliary  tuberculosis,  after  catarrhal  pneu- 
monia. The  opinions  of  various  authors  differ  markedly  in  this 
respect.  I  quote  "WVss,  who  says :"  Miliary  tuberculosis  is  one  of 
the  most  frequent  complications  of  chronic,  especially  of  caseous 
catarrhal  pneumonia ;  it  often  plays  the  part  of  a  terminal  process, 
and  may  spread  in  various  ways  through  the  entire  organism;  most 
frequently  as  a  local  tuberculosis,  surrounding  the  caseous  areas  in 
the  kmg.  or  as  a  diffuse  pulmonary  tuberculosis;  or  one  finds  no 
tubercles  at  all  in  the  lung,  but  only  the  catarrhal  pneumonic  pro- 
cess, with,  however,  miliary  tuberculosis  of  the  meninges  or  of  the 
abdominal  organs  or  of  both  together.  \on  Ziemssen,  however, 
declares:  ''The  termination  in  acute  or  chronic  tuberculosis  was  sup- 
posed formerl}-  to  occur  very  frequently  after  measles  or  whooping- 
cough.  I  must,  however,  declare  this  termination  to  be  relatively 
rare,  and  can  substantiate  the  reports  of  Bartels.  who  in  21  autopsies 
only  ivd^e  saw  fresh  miliar}'  tuberculosis  of  the  lungs,  and  twice 
found  a  similar  condition  in  the  meninges." 

I  must  coincide  \\ith  this  latter  opinion,  and  must  especially  point 
out  that  many  circumstances  have  led  to  the  erroneous  supposition 
of  the  development  of  tuberculosis  from  catarrhal  pneumonia.  In 
children  a  primary  tuberculous  bronchopneumonia  may  clinically 
be  looked  upon  as  a  pure  catarrhal  pneumonia,  because  the  diag- 
nostic difficulties  in  these  two  forms  are  exceedingly  great.  If.  then, 
the  fatal  termination  occurs,  it  is  natural  to  ascribe  the  mihary 
tuberculosis  found  at  the  autopsy  to  a  primary  catarrhal  pneumonia. 

In  other  cases  a  primary  tubercular  bronchopneumonia  in  children 
may  sjonptomatically  resemble  Avhooping-cough.  The  autopsy  then 
leads  to  the  conclusion  that  the  tuberculosis  preceded  the  whooping- 
cough. 
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Even  then  if  it  be  sufficiently  proved  that  measles  preceded  and 
that  the  pulmonary  affection  was  secondary  and  itself  terminated  in 
tuberculosis,  there  cannot  always  be  found  a  direct  or  an  indirect 
causal  relation  between  measles,  catarrhal  pneumonia,  and  tuber- 
culosis. This  is  especially  true  of  cases  of  measles  occurring  in 
cachectic  scrofulous  children.  In  this  infectious  febrile  disease  tuber- 
cle bacilli  may  be  freed  from  scrofulous  or  cheesy  lymph-glands  in 
the  mesentery  or  mediastinum,  and  in  this  manner  a  general  miUary 
tuberculosis  may  result. 

The  termination  of  the  process  in  a  caseous  degeneration  was 
looked  upon  as  an  exaggeration  of  the  pneumonic  process,  and  this 
was  characterized  by  the  majority  of  authors  as  a  very  frequent  event. 
I  myself  have  not  noted  a  single  instance  which  would  justify  me  in 
believing  that  a  catarrhal  pneumonia  had  terminated  in  a  caseous 
degeneration;  in  the  few  observations  at  hand  it  was  impossible  for 
me  to  exclude  a  primary  tubercular  bronchopneumonia  upon  a 
hereditary  basis.  If  it  was  possible  for  v.  Ziemssen  to  follow  dur- 
ing life  two  cases  of  the  caseous  metamorphosis  of  the  inflam- 
matory products  for  so-called  tuberculization,  and  in  one  case  to 
demonstrate  it  at  the  autopsy,  I  must  in  regard  to  the  latter  have  the 
same  doubts  as  in  my  own  cases.  His  case  occurred  in  a ''starved, 
artificially  fed ' '  child,  which  from  birth  was  affected  by  catarrh  of  the 
bronchial  and  intestinal  mucous  membranes ;  it  was  five  months  old, 
and  was  attacked  by  a  left-sided  catarrhal  pneumonia.  Consoli- 
dation was  very  slow,  extending  from  the  base  upward,  so  that  it 
took  three  months  for  the  entire  left  lung  to  become  atelectatic. 
Death  occurred  four  months  after  the  beginning  of  the  pneumonia, 
after  the  left  lung  had  for  some  weeks  shown  signs  of  a  cavity,  and 
consolidation  and  atelectasis  had  also  developed  on  the  right  side. 
The  autopsy  showed  extensive  tissue-destruction  in  the  left  lung, 
both  in  the  upper  and  in  the  lower  lobes.  The  consolidated  tissue 
which  remained  was  partly  stained  yellow,  whereas  at  other  parts 
newly  formed,  connective  tissue  could  be  noted.  No  special  explan- 
ation of  this  latter  point  is  deemed  necessary.  Since  the  discovery  of 
the  tubercle  bacillus  there  can  be  no  question  of  a  differentiation 
between  cheesy  pneumonic  exudates  and  tuberculous  disease  of  the 
lung.  The  cause  is  the  same ;  the  anatomic  variety  may  perhaps  be 
dependent  upon  the  ages  of  those  affected. 

No  less  doubtful  is  the  appearance  of  abscesses  in  catarrhal  pneu- 
monia. They  are  confounded  with  collections  of  pus  inside  the 
bronchial  lumen  which  are  not  infrequently  found  and,  if  the 
bronchus  undergoes  saccular  dilatation,  may  assume  a  spherical  form. 
Real  abscess  arising  from  destruction  of  the  pulmonary  tissue  Damas- 
chino  had  already  declared  to  be  exceedingly  rare.  According  to  his 
observation,  such  abscesses  rarely  attain  a  larger  size  than  a  nut. 
The  surrounding  tissue  was  inflamed,  and  in  the  condition  of  gray 
hepatization.  Wyss  further  explains  the  formation  of  abscess  from 
a  softening  in  the  center  of  an  infiltrated  pulmonary  lobule.     The 
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small  piinctiform  abscesses  appear  as  yellow  or  gray  points,  which, 
when  opened,  allow  a  drop  of  pus  to  escape.  He  also  speaks  of  the 
finding  of  larger  abscesses  that  have  arisen  by  the  decomposition  of 
the  pulmonary  tissue,  from  which  it  may  be  deduced  that  in  the  case 
of  the  former  the  parenchyma  of  the  lung  was  not  affected.  Zenker 
reports  the  formation  of  an  abscess  in  a  case  of  croupous  pneu- 
monia following  influenza.  He  refers  the  origin  to  a  diminution  in 
the  expiratory  power  of  the  lungs  due  to  emphysema,  in  the  presence 
of  enormous  numbers  of  Fraenkel's  pneumococci  which  had  ac- 
quired unusual  virulence  through  symbiosis  with  influenza  bacilli. 

Gangrene  of  the  lung,  according  to  Wyss,  occurs  in  pneumonia 
following  measles  and  in  pneumonia  due  to  the  inhalation  of  foreign 
bodies.  The  latter  need  not  be  taken  into  account  at  this  place. 
In  the  former,  it  must  belong  to  the  greatest  rarities. 

The  termination  in  connective-tissue  formation,  and,  finally,  cir- 
rhotic contraction  of  the  pulmonary  tissue,  v.  Ziemssen  has  never 
seen.  Bartels  describes  a 'case  in  w-hich  in  a  nine-5'ear-old  girl,  fol- 
lowing a  pneumonia  due  to  measles,  the  entire  left  lung  gradually 
developed  cirrhosis,  affecting  nearly  the  entire  left  apex,  whereas  the 
base  returned  to  its  normal  condition. 

Catarrhal  pneumonia  is  also  responsible  for  the  swelling  of  the 
bronchial  lymphatic  glands.  This  condition  may,  however,  have 
existed  before  the  catarrhal  pneumonia,  especial!}^  in  the  numerous 
cases  of  cachectic  catarrhal  pneumonia. 

Wyss  has  seen  pericarditis  once  in  connection  with  catarrhal  pneu- 
monia following  a  chronic  bronchitis,  being  complicated  by  a  left- 
sided  pleurisy  in  a  child  aged  twenty  weeks  (pericardial  friction  was 
present).  He  verified  his  diagnosis  at  the  autops}^  He  also  demon- 
strated other  cases  at  the  autopsy;  among  these,  a  case  following 
catarrhal  pneumonia  due  to  measles.  Steffen  and  Steiner  have  noted 
similar  cases. 

Enlargement  of  the  liver  and  spleen,  or  one  of  these  organs,  I  have 
repeatedly  found  in  catarrhal  pneumonia.  I  believe  it  is  due  to  a 
preceding  scrofula,  as  it  occurs  in  this  affection  independent  of  any 
lung  disease,  and  also  in  tuberculosis  of  the  lung  during  infanc3^ 


MORTALITY  AND  PROGNOSIS, 

Wyss  gives  the  following  table  of  the  mortality  in  catarrhal  pneu- 
monia determined  by  various  authors: 

Number  of  Number  of 

Cases.  Deaths.                 Remarks. 

After  Valleix    128  127 

"      Trousseau 22  22         Measles  pneumonia. 

"  •   Bouchut    55  33 

"       Bartels    67  29                "                 " 

"       Ziemssen 98  36 

"      Barrier 61  48 

"      Steffen 66  35 

"      Stiebel 16  8 

"      Pfeilsticker 32  9 
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This  obvious  difference  in  the  report  of  individual  authors  is 
chiefly  to  be  explained  from  the  circumstance  that  the  varieties  of 
catarrhal  pneumonia  described  by  me  have  not '  been  strictly  differ- 
entiated, and  that  deglutition  pneumonia  and  the  pneumonia  follow- 
ing inhalation  of  poisonous  gases,  which  are  usually  nothing  but 
deglutition  pneumonia, — because  the  gases  lead  to  insensibility,  and 
this  allows  the  secretions  of  the  mouth  to  flow  into  the  air-passages, — 
have  all  been  included.  Catarrhal  pneumonia  in  cachectic  children 
has  an  enormous  mortality ;  that  following  measles,  whooping-cough, 
and  influenza  is  far  more  favorable,  but  the  mortality  varies  in  indi- 
vidual epidemics ;  primary  catarrhal  pneumonia  runs  the  most  favor- 
able course. 

No  matter,  however,  which  form  of  catarrhal  pneumonia  exists, 
age  is  always  of  the  greatest  importance  in  prognosis.  The  mortality 
is  greater  the  younger  the  patients.  According  to  Bartels'  observa- 
tion, there  died  of  catarrhal  pneumonia  follomng  measles  of: 

6  patients  in  the  first  years  of  life 6 

36  patients  between  the  first  and  fifth  years  of  Hfe 14 

24  patients  between  the  fifth  and  tenth  years  of  hfe 9  , 

The  reports  of  v.  Ziemssen  are  more  favorable.  His  cases  of 
pneumonia  following  measles  were  distributed  as  follows : 

In  the  first  year  of  life 6.  3  fatal  cases.  3  cured. 

"      "    second  year  of  life 10.  3      "  "  7       " 

"      "    third  year  of  life    6.  1      "      case.  5       " 

The  cases  of  bronchopneumonia  secondary  to  bronchitis  and 
chronic  catarrh  were  distributed  as  follows: 

First  year    14.  7  fatal  cases.  7  cured. 

■.      Second  year    12.  3     "  "  9       " 

Third  year 3.  2     "  "  1       " 

The  cases  of  bronchopneumonia  following  whooping-cough  were 
distributed  as  follows : 

First  3^ear    2.  1  fatal    case.  1  cured. 

Second  year    7.  4      "       cases.         3       " 

Third  year    7.  4      "  "  3      " 

The  prognosis,  as  the  preceding  tables  have  shown,  depends,  first, 
upon  the  character  of  the  disease.  Catarrhal  pneumonia  in  a  pre- 
viously healthy  child,  even  when  the  father  has  been  affected  by 
syphilis,  is  comparatively  favorable.  In  the  cases  following  measles 
or  whooping-cough  several  symptoms  are  of  value  in  prognosis.  High 
fever,  markedly  increased  respiration,  cyanosis,  coma,  make  the  out- 
come of  the  affection  exceedingly  questionable  and  unfavorable,  espe- 
cially if  the  inflammation  has  affected  the  greater  part  of  both  lungs. 
Nevertheless  with  all  the  previously  quoted  symptoms  in  previously 
healthy  children  recovery  may  take  place.  Catarrhal  pneumonia  of 
cachectic,  scrofulous,  rachitic  children  gives  a  very  unfavorable  prog- 
nosis. In  the  hospital,  where  these  little  patients  are  usually  sent 
in  a  well-advanced  condition  of  their  affection,  they  die  with  the 
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rarest  exceptions.  In  such  cases,  in  contrast  to  the  previously  men- 
tioned types,  temperature,  respiration,  and  cyanosis  are  prognostically 
of  no  vakie.  The  temperature  is  hut  sli(2;htly  increased,  the  respi- 
ration scarcely  (luickened.  Pallor,  emaciation,  feebleness  of  the 
digestive  powers,  are  the  symptoms  which,  if  they  persist  for  any 
length  of  time,  produce  death. 


DIAGNOSIS. 

The  diagnosis  from  capillary  bronchitis,  in  the  absence  of  physi- 
cal signs  which  show  an  infiltration,  depends  upon  the  temperature. 
Neither  a  gradual  rise  of  the  temperature  to  39°  C.  (102.2°  F.)  nor 
to  40°  C.  (104°  F.)  proves  in  a  given  case  the  development  of  pneu- 
monia, but  the  subsequent  course,  the  duration  of  the  febrile  condi- 
tion, is  of  great  importance.  If  the  temperature  for  more  than 
t went v-f our  hours,  or  even  more  than  fortv-eight  hours,  varies  be- 
tween 39°  and  40°  C.  (102.2°  and  104°  F.)  and  over,  and  other  condi- 
tions that  ma}'  give  rise  to  a  rise  in  temperature,  as  an  acute 
exanthem,  angina,  otitis  media,  etc.,  can  be  excluded,  it  is  in  favor 
of  pneumonia  and  against  bronchitis  (Wyss,  p.  772). 

Of  especial  importance  and  not  always  easy  is  the  differentiation 
from  croupous  pneumonia.  An  acute  onset  of  the  affection,  perhaps 
with  convulsions,  in  previously  healthy  children,  very  rapid  rise  of  the 
temperatm:"e  with  slight  morning  remissions,  absence  in  the  beginning 
of  catarrhal  rales  in  the  bronchi,  with  the  presence  of  cough,  are  in 
favor  of  a  rapidly  beginning  consolidation  over  one  or  more  lobes,  and 
of  a  croupous  pneumonia.  If  the  apex  is  affected  first,  croupous 
pneimionia  is  all  the  more  certain,  because  catarrhal  pneumonia  very 
rarely  shows  itself  in  the  apex  primarily.  I  myself  have  never  seen 
the  onset  of  a  catarrhal  pneumonia  in  an  apex. 

The  diagnosis  becomes  more  difficult  if  the  affected  child  comes 
under  treatment  in  the  course  of  pneumonia,  and  one  or  both  lower 
lobes  are  consolidated.  Then,  above  all,  a  very  exact  histor}^  in 
reference  to  the  duration  of  the  affection  and  in  reference  to  former 
affections  or  contagious  diseases,  or  previous  catarrh  of  the  upper 
air-passages,  must  be  inquired  into,  which  in  themselves  are  already 
symptoms  of  a  beginning  catarrhal  pneumonia.  Should  the  history 
be  entirelv  negative,  a  decision  can  onh'  be  reached  in  the  fm-ther 
course  of  the  affection,  ^^'ith  close  obser^'ation.  Croupous  pneumo- 
nia, even  when  it  terminates  by  lysis,  is  of  shorter  duration  than 
catarrhal  pneumonia.  In  the  former  case  dulness  disappears  more 
rapidly,  pro\dded  no  pleural  effusion  be  present.  In  such  conditions 
the  decision  upon  the  basis  of  objective  phenomena  is  impossible, 
and  remains  impossible,  as  do  all  other  conditions  which  were  previ- 
ously mentioned  under  History. 

The  diagnosis  of  tuberculosis  becomes  simple  from  the  fact  that  a 
catarrhal  pneumonia  only  rarely  develops  into  tuberculosis.     Posi- 
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tive  differentiation  is,  however,  not  possible  in  all  cases.  It  is  impos- 
sible to  diagnosticate  anything  but  catarrhal  pneumonia  in  a  child 
who  after  cough  has  lasted  for  some  time  presents  dulness  .and  crepi- 
tant rales  over  one  of  the  lower  lobes,  and  yet  in  a  case  observed 
by  me  which  terminated  fatally  the  autopsy  showed  that  there  was 
decided  swelling  and  caseation  of  the  bronchial  lymph-glands,  and  a 
dissemination  of  nearly  the  entire  right  apex  with  miliary  tuberculosis, 
whereas  the  remaining  parts  of  the  lungs  and  the  other  organs  were  free 
from  tubercles.  Perhaps  in  the  future  the  examination  of  the  blood  by 
a  simple  method,  and  in  a  manner  not  requiring  too  much  time,  will 
determine  the  possibility  of  showing  tubercle  bacilli.  Nevertheless, 
in  all  such  cases  a  decided  help  in  differentiation  depends  upon  the 
locality  of  the  seat  of  the  two  affections.  Without  limiting  one's  self 
too  much,  it  may  be  said:  Pulmonary  tuberculosis,  even  in  children, 
affects  the  apices.  Catarrhal  pneumonia  in  children  affects  the  bases. 
If  there  are  dulness  and  rales  present  over  one  or  both  apices,  the 
bases  may  also  show  signs  of  the  presence  of  disseminated  foci, 
and  it  will  be  correct  to  make  the  diagnosis  ''tuberculosis."  The 
fact  that  the  auscultatory  phenomena,  especially  the  occurrence  of 
rales  over  the  apices,  are  the  most  prominent  phenomena  must  al- 
ways be  borne  in  mind.  An  empty  percussion  note  over  the  apex, 
as  has  already  been  mentioned,  may  occur  without  the  apex  nec- 
essarily being  affected. 


PROPHYLAXIS  AND  TREATMENT. 

As  regards  the  occurrence  of  catarrhal  pneumonia  after  measles  or 
whooping-cough,  the  prophylaxis  depends,  in  the  first  place,  upon  the 
prevention  of- these  contagious  diseases;  so,  then,  in  the  existence  of 
these  affections  the  most  favorable  hj^gienic  condition  should  be  secured 
to  prevent  the  disease  from  gaining  access  to  the  finer  bronchi.  The 
most  important  requisite  for  this  is  a  sunny,  well- ventilated  room. 

In  scrofulous  and  rachitic  children,  analogous  conditions  should 
be  fulfilled  to  prevent  the  occurrence  of  catarrhal  pneumonia.  Be- 
sides this,  however,  especial  attention  should  be  paid  to  the  nutrition 
of  the  child.     This,  however,  is  hopeless  for  the  majority  of  cases. 

The  treatment  is  unfortunately  symptomatic,  unless  one  is  in- 
clined, in  order  to  fulfil  causal  indications,  as  in  the  case  of  croupous 
pneumonia,  to  employ  quinin.  I  myself  have  used  this  drug,  and  in 
children  with  fever  have  given  small  doses  of  the  neutral  tannate  of 
quinin.  Children  up  to  one  year  of  age  have  received  closes  twice 
claily  of  1  dcg.  (1^  grains) ;  older  ones,  2  dcg.  (3  grains).  The  method  of 
using  the  drug  has  been  mentioned  on  page  539.  To  lose  time  in  dis- 
cussing venesection  is  unnecessary,  after  v.  Ziemssen  has  so  conclu- 
sively proved  the  deleterious  effects  of  such  a  treatment.  On  the 
other  hand,  I  have,  like  Bartels,  and  after  him  v.  Ziemssen,  v.  Jiirgen- 
sen,  and  Wyss,  a  word  to  say  in  reference  to  the  use  of  cold  water. 


CATARRHAL  PNEUMONIA.  577 

According  to  the  method  advised  by  Bartels,  which  is  based  on  the 
treatment  of  catarrhal  imeumonia  following  measles,  a  linen  cloth  or 
a  folded  napkin  is  wrung  out  of  very  cold  water  and  wrapped  around 
the  sick  child  from  the  back,  enveloping  the  entire  thorax.  Envel- 
oped in  this  wa}'  the  child  is  laid  in  its  bed,  and  in  half  an  hour  the 
linen,  wliich  has  in  the  mean  time  become  warmed,  is  changed  for 
a  fresh,  cold  one.  With  the  use  of  these  compresses,  according  to 
Bartels,  the  inspiratory  movements  become  deeper,  sleep,  which  some- 
times is  absent  for  several  days,  is  restored,  the  temperature  low- 
ered, and  the  frequency  of  the  pulse  and  respiration  markedly 
diminished.  Usually  tliis  condition  is  reached  in  from  eight  to 
twelve  hours;  sometimes,  however,  it  is  necessary  after  twelve  to 
sixteen  hours  to  repeat  the  manoeuver,  if  the  fever  and  dj'spnea 
again  become  marked.  In  some  few  cases  this  treatment  has  to  be 
repeated  for  several  days  and  nights;  and  if  the  consolidation  is  at 
first  very  extensive,  for  several  weeks.  In  all  cases  the  patient 
should  be  carefully  watched,  as  in  this  treatment  the  heat  abstrac- 
tion may  be  so  great  as  to  bring  about  collapse. 

I  have  used  this  method  of  treatment  in  my  little  patients  in  the 
presence  of  marked  fever,  although  I  have  not  seen  as  prompt  results 
as  Bartels.  The  compress  should  be  changed  at  short  intervals,  not 
only  because  wdth  every  application  of  the  cold  cloth  a  deeper  in- 
spiration occurs,  and  a  greater  amount  of  heat  is  taken  from  the 
body  b}'  frequenth^  changing  the  compresses,  but  also  because  at 
every  application  the  body  is  brought  from  the  dorsal  into  the  lateral 
position,  or  is  raised,  and  in  this  way  the  disease  is  prevented  from 
gaining  the  lowest  parts  of  the  lungs  in  which  the  circulation  of  the 
blood  is  most  difficult.  Frequent  change  to  the  erect  or  lateral 
position  tends  to  prevent  stasis  of  the  blood.  The  increased  pain  in 
a  felon  when  the  arm  is  allowed  to  hang  shows  the  significance  of 
an}'-  interference  with  the  retiu-n  flow  of  blood;  a  stoppage  in  the 
blood-current  occurring  in  the  lowest  portion  of  the  lungs  must 
interfere  wdth  and  delay  the  process  of  recovery. 

Perhaps  the  difference  between  my  results  and  those  reported 
by  Bartels  is  due  to  the  fact  that  I  order  a  piece  of  woolen  material  or 
flannel  placed  aromid  the  wet  appHcation,  whereas  Bartels  does  not 
mention  an}i;hing  of  this  character,  so  that  I  must  assume  that  this 
covering,  which  prevents  evaporation,  and  therefore  permanent  cool- 
ing, was  purposely  omitted  by  him.  But  this  is  attended  with  some 
inconveniences;  in  cases  with  high  temperatm-e  of  more  than  39.5°  C. 
(103.1°  F.)  in  the  axilla,  in  which  a  lasting  reduction  in  temperature 
is  desirable,  a  general  wet  .pack  should  be  employed.  Upon  the  bed- 
mattress  a  thick  woolen  blanket  is  spread ;  then  a  bed-sheet  is  dipped 
in  cold  water,  wrmig  out,  and  placed  upon  the  blanket  and  the  naked 
child  placed  upon  the  sheet ;  the  latter  is  then  wrapped  around  the 
child's  body  so  that  only  the  head  remains  uncovered,  and  the 
woolen  blanket  placed  around  the  sheet.  It  is  not  ^^'ithout  value, 
in  order  to  prevent  a  too  decided  reduction  of  the  temperatiu-e,  to 
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cover  the  whole  with  a  blanket  so  that  only  the  head  remains  free. 
After  the  child  has  been  for  one  hour  in  this  pack,  the  wet  coverings 
are  removed  and  the  child  is  thoroughly  dried.  Almost  invariably  a 
decided  reduction  of  temperature  is  attained  with  this  procedure; 
but  the  temperature  soon  rises  again,  so  that  this  manoeuver  must 
be  repeated  twice  and  sometimes  three  times  daily.  The  repetition 
of  the  procedure  in  an  individual  case  depends  upon  the  strength  of 
the  child,  and  on  its  comfort  or  discomfort  during  the  applications. 

Baths  of  a  temperature  of  from  20°  to  24°  R.  (77°  to  86°  F.)  and  of 
a  duration  of  from  twenty  to  twenty-five  minutes,  followed  by  affusions 
of  from  10  to  20  liters  of  water  from  a  moderate  height,  are  recom- 
mended by  V.  Jiirgensen  in  the  case  of  high  temperature,  or  if  the 
fever  is  obstinate.  I  have  not  made  use  of  the  method.  Only  in 
individual  cases  in  which  there  was  dyspnea,  cyanosis,  stupor  with 
high  temperature,  have  I  employed  a  bath  at  a  temperature  of 
from  25°  to  26°  R.  (88.2°  to  90.5°  F.)  five  to  ten  minutes  in  duration 
followed  by  affusions  of  cold  water  upon  the  neck  and  back  from  a 
moderate  height. 

A  direct  action  upon  the  mucous  membranes  of  the  larger  and 
smaller  bronchi  is  attained  by  the  use  of  emetics  and  expectorants, 
on  the  one  hand,  or  by  means  of  sedatives  and  narcotics,  on  the 
other. 

The  use  of  emetics  is  not  in  accord  with  our  present  views.  It  is 
well  to  restrict  their  use  to  those  rare  cases  in  which  the  affection  sets 
in  very  acutely  and  in  which  inside  of  twenty-four  to  thirty-six 
hours  marked  dyspnea  and  cyanosis  are  noted.  The  treatment  is 
of  course  applicable  only  to  previously  healthy  children,  and  must  be 
avoided  in  cases  in  which  clebility  is  due  to  some  previous  illness. 
In  these  cases  powders  containing  1  eg.  (|-  grain)  of  the  tartrate  of 
antimony  and  potassium  with  3  dcg.  (4-|  grains)  of  the  powdered 
roots  of  ipecacuanha,  one  powder  every  ten  or  fifteen  minutes  until 
emesis  occurs,  are  useful.  I  decidedly  advise  against  a  later  repeti- 
tion of  this  dose,  also  against  the  use  of  other  emetics.  I  must 
especially  warn  against  the  employment  of  apomorphin,  as  this 
drug  readily  produces  collapse. 

Expectorants  are  frequently  of  use  in  the  course  of  the  affection. 
Of  most  value  is  a  weak  infusion  of  ipecac  (1  to  2  dcg. — 1^  to  3  grains 
— in  100  water  and  20  syr.  simpl.,  one  teaspoonful  every  two  hours). 
According  to  the  age  of  the  child,  I  add  1  to  3  gm.  (15  to  45  grains) 
aq.  amyg.  am.  It  must,  however,  be  noted  that  some  children  mani- 
fest an  idiosyncrasy  against  ipecac.  With  or  wdthout  vomiting  a  con- 
dition of  exhaustion  may  occur,  which  must  be  referred  to  the  action 
of  the  ipecac,  as  it  disappears  when  the  drug  is  discontinued. 

As  the  most  suitable  sedative  for  the  irritation  of  the  mucous 
membrane  of  the  bronchial  tubes  which  shows  itself  in  short  severe 
paroxysms  of  coughing,  I  employ  steam.  The  apparatus  described 
by  me  in  my  reports  in  reference  to  the  therapeutics  of  inhalation,  ^ 
made  by  Moritz  Schon  in  Crimmitzschau,  has  many  advantages  over 
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basins,  in  which  the  water  must  be  boiled.  The  steam  may  be 
brought  into  very  close  proximity  to  the  patient's  mouth. 

Narcotics  are  occasional!}'  absolutel}'  necessary.  When  the  child 
is  coughing  day  and  night,  and  passi^'e  hyperemia  of  the  larynx  is 
protluccd  which  leads  to  hoarseness  and  sleeplessness  and  exhaustion, 
I  employ  minute  doses  of  morphin.  Of  a  solution  of  2  eg.  {\  grain) 
morphin  in  10  gm.  (foiiss)  distilled  water,  children  two  years  of  age 
receive  5  drops.  This  small  quantity  is  generally  quite  satisfactory, 
but  as  a  rule  onl}-  after  the  first  dose.  The  succeeding  doses,  which 
according  to  indications  must  be  given  twice  or  three  times  daily,  must 
amount  to  10  to  15  drops.  It  therefore  depends  upon  the  action  of 
the  first  dose  whether  the  succeeding  doses  must  be  increased,  and 
to  what  amount. 

A  modification  of  the  treatment  just  described  is  necessar}^  in  the 
treatment  of  cachectic  catarrhal  pneumonia,  such  as  occurs  in  the 
course  of  scrofula  and  rachitis,  as  well  after  long-continued  catarrh  of 
the  bowel.  The  temperature  in  these  cases  is  not  high,  as  a  rule. 
The  applications  to  the  chest  need  only  be  changed  every  two  hours. 
To  the  neutral  tannate  of  quinin  I  add  3  dcg.  (4^  grains)  of  saccha- 
rated  iron  oxid.  An  especially  nourishing  diet  suitable  to  the  infant 
organism  is  to  be  advised.  Wine  must  nearly  alwa3'S  be  employed. 
Provided  the  season  and  the  weather  be  suitable,  children  well  wrapped 
up  may  remain  in  the  open  air,  in  the  garden  or  in  the  woods,  for 
hours  in  their  baby-coaches. 

If  the  catarrhal  pneumonia  follows  influenza  and  runs  its  course 
with  severe  symptoms,  I  strongly  advise  the  injections  of  quinin  de- 
scribed on  page  540. 

If  after  the  disappearance  of  the  fever,,  in  a  case  of  catarrhal 
pneumonia,  independent  of  any  local  conditions  dulness  remains, 
careful  diet  (milk-cure)  and  residence  in  a  sanatorium  are  of  value. 


ATYPICAL  PULMONARY  INFLAMMATIONS. 

The  province  of  genuine  croupous  pneumonia  until  lately  included 
inflammatory  affections  of  the  lung,  which,  in  their  mode  of  origin, 
their  course  and  progress,  decidedly  differ  from  this  affection.  Only 
-by  very  few  authors  who  have  had  an  opportunitj^  of  noting  such 
conditions  has  the  necessity  of  a  strict  di^dsion  of  these  varieties 
from  croupous  pneumonia  been  emphasized.  The  failure  to  make 
this  distinction  has  given  rise  to  many  misunderstandings,  especially 
as  regards  the  etiologic  conception  of  croupous  pneumonia  itself. 
Because  cases  of  these  pulmonary  inflammations  about  to  be  de- 
scribed occur  in  large  numbers,  both  in  individual  families  and  in 
institutions,  especially  in  prisons,  making  it  but  natural  to  assume 
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that  the  spread  is  due  to  direct  transmission,  and  that  the  disease 
in  question  is  an  infectious  disease  not  inferior  to  erysipelas  and 
measles  in  its  power  of  transmission,  the  conclusion  was  erroneously 
arrived  at  that  genuine  croupous  pneumonia  was  a  disease  which 
was  directly  transmissible  from  individual  to  individual.  It  may, 
however,  be  asserted  that  there  is  no  observation  on  record  by 
which  this  could  be  substantiated.  In  the  enormous  frequency  of 
croupous  pneumonia  this  negative  statement  has  decided  value.  I 
have,  in  all,  had  the  opportunity  of  observing  more  than  2000  cases 
of  croupous  pneumonia,  and  not  once,  either  in  private  practice  or 
in  the  hospital,  saw  a  single  instance  in  which  the  question  of  con- 
tagion was  considered.  With  this  it  must  be  stated  that  the  pneu- 
monia patients  in  the  hospital  were  in  the  same  wards  with  other 
patients  suffering  from  acute  and  chronic  diseases. 

This  reason  is  alone  sufficient  to  justify  a  distinct  division  of 
croupous  pneumonia  from  the  varieties  which  were  formerly,  and 
are  even  to-day,  included  in  the  same  category.  These  varieties 
have  been  described  by  the  authors  who  have  especially  studied  them 
within  the  last  twenty  years  as  erysipelatous,  asthenic,  bilious,  and 
infectious  pneumonia.  The  clinical  and  pathologic  differences  are 
alone  sufficient  to  demand  a  strict  differentiation. 

To  enter  into  a  description  of  the  so-called ''typhoid  pneumonia" 
at  this  place  is  not  necessary,  although  some  of  the  varieties  described 
under  this  name  belong  in  the  category  of  atypical  pneumonias.  The 
connection  between  enteric  fever  and  croupous  pneumonia  has  already 
been  referred  to  (page  498). 

The  etiology  alone  of  the  pulmonary  inflammations  which  have 
been  collected  under  the  term  "  typhoid  pneumonia  "  shows  that  these 
varieties  are  essentialh^  different.  It  may  be  maintained  to-day  that 
various  bacteria  may  produce  such  atypical  pneumonias.  An  exact 
limitation  of  the  various  forms  will  be  possible  only  when  the  classi- 
fication is  carried  out  according  to  the  bacterial  causes.  In  the 
mean  time  we  must  be  content  with  a  general  view  of  the  clinical 
groups  which  are  linked  together  by  similar  pathologic  changes. 

With  the  abandonment  of  the  untenable  conception  "pneumo- 
typhus ' '  in  the  former  sense  of  an  exclusive  localization  of  the  typhoid 
process  in  the  lungs,  Friedreich  has  declared  it  to  be  absolutely  neces- 
sary to  separate  the  varieties  to  be  described  here  from  croupous  pneu- 
monia. He  regards  some  special  forms  of  acute  pneumonia  as  the 
expression  of  an  acute  infectious  process  which  differs  in  many  well- 
marked  respects  from  the  ordinary  so-called  croupous  pneumonia, 
which  so  frequently  arises  after  exposure  to  cold,  especially  during  the 
prevalence  of  sharp,  cold,  north  and  northwest  winds.  In  the  former 
the  inflammation  begins  in  a  circumscribed  area ;  by  means  of  physical 
examination  it  may  readily  be  determined  how  the  process  of  hepa- 
tization advances  from  day  to  day.  The  fever  frequently  lasts  ten, 
twelve,  or  fourteen  days  and  longer,  with  undiminished  intensity. 
The  defervescence  in  the  majority  of  cases  occurs  by  lysis,  which  is 
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several  clays  in  duration;  more  rarely  by  a  rapidly  oncoming  crisis. 
These  ivanderiiu/  pneumonias  have  a  much  more  serious  character  than 
the  usual  forms;  at  the  height  of  the  process  of  hepatization,  occa- 
sionally with  the  development  of  a  more  or  less  distinctly  icteroid 
discoloration  of  the  conjunctiva,  the  development  of  delirium,  dry 
tongue,  diarrhea,  and  occasionally  loss  of  control  of  the  sphincters  and 
the  appearance  of  marked  collapse,  they  assume  a  malignant,  perni- 
cious character,  wliich  produces  a  certain  similarity  with  severe  ty- 
phoid affections.  Remarkable  to  a  high  degree,  and  a  proof  of  the 
infectious  nature  of  these  wandering  pneumonias,  is  the  regular  occur- 
rence during  the  first  few  claj-s  of  demonstrable  enlargement  of  the 
spleen,  which  occasionally  extends  from  three  to  four  fingers -breadths 
below  the  margin  of  the  ribs  and  is  easily  palpable.  After  the  cessa- 
tion of  the  fever  the  spleen,  as  a  rule,  returns  to  its  normal  size. 

Under  the  name  of  ''asthenic  pneumonia"  Leichtenstern  has  ex- 
haustively described  certain  forms  of  the  disease,  and  has  thus  thrown 
new  light  on  this  obscure  question.  '  Pathologically  these  forms  are 
characterized  by  the  peculiarit}'  that  the  infiltration  takes  place  very 
slowly,  involving  at  first  only  a  fraction  of  a  lobe  and  then  gradually 
becoming  lobar;  by  flaccid  hepatization;  by  rapid  transition  to  gray 
hepatization,  and,  in  some  cases,  by  a  marked  tendency  to  purulent 
infiltration,  abscess  formation,  and  gangrene.  Clinically,  certain 
anomalies  in  the  symptomatology  are  observed :  the  disease  develops 
insidiously ;  the  initial  chill,  the  pain,  the  bloody  sputum,  are  absent ; 
the  temperature  curve  is  atypical;  there  is  extreme  prostration;  and 
cerebral  symptoms  are  marked.  The  causes  of  these  pneumonias 
are  either  individual,  such  as  previous  chronic  disease,  extreme  age, 
the  use  of  alcohol,  with  degeneration  in  special  organs,  particularly 
degeneration  of  the  heart,  produced  by  this  poison, — and  accorcUngly 
these  varieties  are  to  be  characterized  as  secondary  asthenic  fomis; 
or  the  causes  are  independent  of  the  inclividualit}^  of  the  affected 
person,  and  are  due  to  the  causes  that  give  rise  to  the  pneumonia 
themselves,  as  the  frequent  occurrence  of  the  disease  in  special  places 
and  at  special  times,  occurring  with  equal  frequency  in  the  young  and 
in  the  old,  as  well  in  weak  as  in  strong  individuals.  These  varieties 
are  known  as  primary  asthenic  forms.  In  this  form  enlargement  of  the 
spleen  and  liver  is  very  common.  In  addition,  jaundice  freqeuntly 
occurs.     Albuminuria  is  never  absent. 

Primary  asthenic  pneumonia  differs  specifically  from  the  simple 
form ;  it  is  a  different  disease,  and  depends  upon  infection  with  a 
different  specific  poison. 

Among  the  A'arieties  described  by  Friedreich  and  Leichtenstern, 
Kiihn  includes  contagious  pneumonia,  which  he  had  an  opportunity  of 
seeing  in  the  Mohringer  Penal  Institution.  He  emphasizes  that  the 
pneumonias  seen  by  him  are  to  be  strictly  differentiated  from  croupous 
pneumonia.  The  frequent  occurrence  in  a  lobular  form,  the  constant 
enlargement  of  the  spleen,  as  well  as  the  almost  regular  occurrence 
of  nephritis,  are  in  favor  ,of  a  different  special  specific  poison,   TVTiether 


682  INFLAMMATIONS  OF  THE  LUNGS. 

this  may  be  referred  to  the  unfavorable  atmosphere  in  consequence  of 
overfining  of  the  institution,  or  to  an  irritant  contained  in  the  working 
material  (the  weaving  of  cocoanut  fibers,  the  manufacture  of  felt 
shoes),  he  leaves  undetermined. 

Kerschensteiner  also  observed  an  epidemic  of  pneumonia  occurring 
in  prison.  He  believes  that  the  cause  of  this  epidemic  should  be  re- 
ferred to  an  infectious  soil.  He  believes  it  likely  that  the  soil  was  at 
that  time  able  to  develop  a  pathogenic  micro-organism  which  could 
not  in  this  case  be  positively  referred  to  a  pneumonia  patient.  The 
autopsy  showed  croupous  lobar  pneumonia  in  the  stage  of  red  and 
gray  hepatization  with  occasional  beginning  pus  formation.  More 
than  this  was  not  reported  in  46  fatal  cases.  Nor  was  it  stated  how 
many  autopsies  were  held. 

The  endemic  pneumonia  described  by  Miiller  must  also  be  included 
in  this  category.  In  the  house  of  a  poor  village  watchman  three  of 
the  four  inmates  and  two  relatives  who  visited  them  were  affected,  one 
after  the  other.  The  onset  and  course  of  the  disease  resembled  an 
infectious  disease  more  closely  than  an  ordinary  croupous  pneumonia. 
Pneumonic  sputum  and  pains  in  the  side  were  present,  but  the  dul- 
ness  did  not  even  extend  over  an  entire  lobe.     All  recovered. 

Butry  also  describes  a  very  severe  village  epidemic  in  which  the 
disease  developed  in  relatives  who  had  visited  the  patients.  Among 
the  20  persons  affected,  12  were  adults.  Of  these,  8  died.  In  the 
fatal  cases  icterus  occurred  "frequently  in  an  intensive  form." 

From  these  communications  it  will  be  noted  that  all  the  authors 
mentioned  have  placed  the  cases  observed  by  them  in  a  special  variety. 
Janssen,  however,  is  of  the  opinion  that  primary  asthenic  pneumonia 
and  croupous  pneumonia  are  due  to  the  same  virus.  He  had  an  oppor- 
tunity to  treat  bilious  pneumonia  in  the  infantry  battalion  which  was 
garrisoned  in  Helder.  The  peculiarities  of  these  cases  consisted  in  a 
very  marked  and  well-defined  prodromal  stage.  In  7  of  the  11  cases 
chill  was  absent;  in  none  of  them  was  herpes  labialis  present.  The 
nervous  symptoms  were  very  intense.  Jaundice,  seen  in  6  of  the  11 
cases,  was  never  very  marked.  Albuminuria  was  absent  but  once, 
and  as  a  rule  was  of  a  marked  grade.  The  spleen  was  always  en- 
larged. The  temperature  showed  no  regularity.  The  remissions  were 
always  very  great  and  the  drops  in  temperature  which  occurred  were 
always  interrupted  by  fresh  exacerbations,  which  was  due  to  the  fact 
that  the  diseased  process  constantly  spread  to  new  areas  of  the  lung. 
The  infiltration  of  the  lung  developed  very  slowly,  so  that  always 
several  days  passed  before  the  dulness  could  be  demonstrated  by 
the  methods  of  physical  diagnosis.  At  the  postmortem  the  picture 
presented  by  the  diseased  lung  was  not  similar  to  that  seen  in  croup- 
ous pneumonia.  Upon  the  cut  surface  the  well-known  granular  sur- 
face was  missed ;  the  section  was  smooth  and  of  a  uniform  color. 

After  this  description  the  etiologic  identity  of  these  cases  with 
croupous  pneumonia  is  not  justified. 

Whereas  these  descriptions  prove  that  the  disease  must  be  sepa- 
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rated  from  croupous  pneumonia  both  clinically  and  pathologically, 
the  following  cases  illustrate  certain  causes  that  do  not  apply  to 
croupous  pneumonia. 

Ritter  reports  a  house  epidemic  in  which  five  members  of  the  fam- 
ily, and  twelve  days  later  two  persons  who  had  been  working  in  the 
house,  were  taken  ill  of  pneumonia.  Three  cases  terminated  fatally. 
The  autopsy  showed  in  one  case  grayish-red  lobular  hepatization  of 
the  lungs;  in  the  second,  grayish-red  serous  croupous  hepatization  of 
the  lungs.  In  many  areas  the  macroscopic  findings  rather  suggested 
catarrhal  pneumonia,  although  microscopic  examination  showed  that 
in  this,  as  in  both  the  other  cases,  a  flabby  croupous  pneumonia  had 
occurred.  In  the  third  case  the  condition  of  the  exudate  showed 
little  that  differed  from  the  first.  "  Here,  as  there,  there  was  begin- 
ning abscess  formation."  In  many  of  the  alveoli  large  balls  of  micro- 
cocci were  present ;  the  lymph  system  of  the  pleura  in  many  cases  was 
almost  completely  filled  by  them.  ''The  pathologic  finding,  stricth'- 
speaking,  allows  only  the  diagnosis  of  croupous  lobular  pneumonia. " 
The  cause  of  this  disease  he  refers  to  a  contagium  imported  by  birds 
brought  from  a  distance  or  their  cages. 

Gastou  describes  11  cases  belonging  to  an  epidemic  of  infectious 
pneumonia,  whose  origin  apparently  was  due  to  the  presence  of  par- 
rots, which  were  newly  imported  from  Buenos  Ayres.  The  disease 
affected,  without  difference,  young  and  old  people ;  it  was  sufficient  to 
have  come  in  contact  wdth  one  of  these  parrots  to  be  affected  by  a 
severe  illness,  w^hich  even  terminated  fatally.  After  a  careful  in- 
spection of  the  original  focus  of  the  epidemic  which  showed  very 
bad  hygienic  conditions,  and  from  the  observation  of  cases  in  which 
the  disease  was  transferred  from  the  sick  to  the  well,  wdthout  the 
latter  having  any  connection  or  coming  in  contact  wath  the  parrots, 
— ^the  results  of  the  microscopic  examination  yielded  too  few  posi- 
tive results  to  assist  in  explaining  the  affection, — Gastou  comes  to 
the  following  conclusions:  (1)  The  epidemic  which  prevailed  in  the 
La  Roquette  quarter  in  Vaugirard,  and  in  other  places  w^hich  were 
noted,  is  an  epidemic  of  infectious  pneumonia.  (2)  This  epidemic 
is  not  the  result  of  a  disease  transferred  from  parrots  to  human 
beings.  (3)  The  severity  of  the  disease  may  be  probably  referred 
to  the  unh^^gienic  condition  of  the  dwellings,  which  were  over- 
loaded with  all  kinds  of  pathogenic  agents,  as  well  as  to  the  ease 
with  ■which  persons  w^ho  came  in  contact  with  those  affected  w^re 
attacked  (wine-dealers  in  two  different  localities) ;  it  is  also  partly  due 
to  the  poor  condition  of  health  of  the  majority  of  those  affected. 
(4)  The  many  and  various  manifestations  of  the  disease  belong  to  the 
category  of  infectious  influenzal  pneumonia.  (5)  The  only  part 
which  parrots  could  have  played  in  this  epidemic  is  the  fact  that 
they  made  it  easy  for  the  disease  to  spread;  partly  and  especially 
because  they  made  it  possible  for  certain  persons  to  meet,  and  partly 
by  carrying  the  germs  of  the  disease  in  their  feathers  in  the  same  man- 
ner as  a  person  may  do  in  his  clothes. 
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Malenchini  also  leaves  it  undecided  whether  the  epidemic  which 
occurred  in  the  years  1894-95  in  Florence,  an  epidemic  of  infectious 
pneumonia  with  a  very  unfavorable  clinical  course,  was  or  was  not 
due  to  parrots  which  had  been  imported. 

Other  observations  and  examination,  however,  leave  no  doubt  that 
the  disease  which  Morange  called  ''psittakosis''  may  be  transferred 
from  parrots  to  human  beings.  The  communications  of  Gilbert  and 
Fournier  evidently  favor  this  view,  and  their  reports  must  be  com- 
municated at  this  place. 

On  the  30th  of  December,  1895,  Mr.  K.  bought  three  parrots. 
One  of  these  he  sent  to  a  relative,  Mrs.  Z.  This  parrot  died  in  the  first 
days  of  January,  1896,  and  some  days  later  Mrs.  Z.  and  her  companion 
were  taken  ill.  The  illness  lasted  several  weeks.  Both  patients  re- 
covered; the  convalescence,  however,  lasted  a  long  time.  Of  the  re- 
maining two  parrots,  one  died  on  the  3d  of  January  and  the  other 
on  the  10th,  after  they  had  appeared  sad,  with  drooping  feathers, 
refusing  nourishment,  and  suffering  from  diarrhea. 

Mr.  K.,  the  owner  of  these  two  parrots,  was  taken  ill  on  the  15th 
of  January.  There  was  decided  chilliness ;  upon  the  20th  of  January 
the  temperature  rose  to  40.8°  C.  (105.4°  F.),  and  varied  between  40.5° 
and  41°  C.  (104.9°  and  105.8°  F.).  On  the  22d  of  January  a  pneu- 
monic area  in  the  right  base  was  demonstrable.  Constipation,  vomit- 
ing, delirium,  and  an  appreciable  quantity  of  albumin  in  the  urine  were 
the  special  symptoms  present.  Death  occurred  in  coma,  on  the  26th 
of  January. 

In  the  case  of  Mrs.  K.,  the  disease  began  abruptly  on  the  22d  of 
January.  The  temperature  varied  during  the  entire  duration  of  the 
affection  between  29°  and  40°  C.  (84.2°  and  104°  F.).  ^  An  affection  of 
the  lung  soon  showed  itself,  first  in  the  right,  then  in  the  left  base. 
With  similar  symptoms  as  in  her  husband's  case,  death  occurred  upon 
the  1st  of  February. 

The  son  of  these  people,  twenty-two  years  old,  also  was  taken  ill. 
The  affection,  however,  was  slight.     Recovery  soon  occurred. 

The  two  persons  who  died  had  busied  themselves  a  great  deal 
with  the  parrots — more  than  the  others.  They  fed  the  birds,  which 
were  already  sick,  letting  them  eat  from  their  mouths,  bathed  them 
in  order  to  combat  the  diarrhea,  warmed  them  under  their  clothes, 
upon  the  naked  chest,  etc.  A  further  cause  for  the  severity  of  the 
affection  was  the  age  of  those  affected,  which  was  also  observed  in 
earlier  observations. 

As  regards  other  varieties  of  pneumonia  which  are  communicable 
from  animal  to  man,  it  must  be  mentioned  that  Wiedenmann  noted 
two  cases  of  pneumonia  which  he  observed  in  children  and  which,  on 
the  strength  of  the  anatomic  findings,  he  regarded  as  identical  with 
tuberculosis  of  cattle.  Positive  grounds  for  connecting  the  disease 
with  the  taking  of  milk  from  a  cow  affected  by  tuberculosis  could  not 
etiologically  be  obtained. 

The  pneumonia  which  arises  in  pyemia  must  also  be  included.     I 


ATYPICAL  PULMONARY   LYFLAMMATIONS.  585 

have  twice  in  pyemia,  which  had  arisen  in  an  acute  endocarditis,  and 
which  gave  rise  to  the  formation  of  p}'emic  areas  in  the  kidneys,  been 
al^le  to  demonstrate  at  the  autopsy  lobar  inflammation,  in  both  cases 
localized  in  the  lower  lobes. 


PATHOLOGIC  ANATOMY. 

Atypical  pneumonias  are  lobar.  "\"er}'  frequently  an  entire  lobe 
of  the  lung  is  uniformly  affected.  It  is  heavy,  airless,  and,  upon 
section,  of  a  dark  red  appearance.  The  structure,  however,  in  the 
main,  appears  to  be  soft,  similar  to  a  diseased  lung  of  croupous 
pnemiionia  in  the  stage  of  engorgement.  In  other  cases  there  are 
found  in  the  imiformly  dark  red  tissue,  which  is  of  the  appear- 
ance just  described,  individual  areas  which  are  more  grayish,  of 
the  size  of  a  hazelnut  and  larger.  The  boundaries  are  irregular 
and  the  cut  surface  is  occasionalh^  granular.  At  other  times  the 
connective  tissue  that  accompanies  the  bronchi  and  larger  vessels  is 
greatly  increased  for  some  distance;  it  is  then  interspersed  in  the  pul- 
monary tissue  in  the  form  of  gray  bands.  Very  likeh'  a  specific 
affection  underlies  this  process.  In  the  rare  cases  of  this  kind  it  was 
not  possible  for  me  to  find  the  cause. 

The  gray  occasionally  granular  areas  pre^'iously  mentioned  have 
frequently  led  to  the  supposition  that  in  this  process  there  was  more 
of  a  catarrhal  pneumonia  than  of  an  affection  which  had  an  analogy 
with  croupous  pneumonia.  This  supposition,  however,  is  not  tenable 
if  the  condition  of  the  mucous  membrane  of  the  smallest  bronchi, 
and  of  the  bronchial  vessels  contained  in  their  walls,  is  taken  as  a  guide. 
A  description  of  these  •  changes  was  given  in  the  section  devoted  to 
the  pathology  of  catarrhal  pneumonia  (p.  551) ;  they  are  illustrated 
in  figures  6  and  7,  Plate  5. 

In  atypical  pneumonia  the  lumina  of  the  smallest  bronchi  are  open. 
The  smallest  vessels  and  their  capillaries  appear  almost  empt}^  in  a 
microscopic  preparation.  From  tliis  the  conclusion  may  be  drawn 
that  the  tissue  of  the  bronchial  wall  is  not  affected  by  the  inflamma- 
tion; the  elasticity  of  the  vessels  has  remained  intact.  Their  con- 
tents, as  well  as  those  of  the  capillaries,  could  be  expressed  into  the 
veins  antemortem. 

The  period  when  these  gray  areas  arise  in  the  uniformly  affected 
tissue  must  be  taken  into  consideration  in  atypical  pneumonia.  For 
it  shows  that  they  cannot  be  compared  to  the  peribroncliial  areas  of 
catarrhal  pneumonia.  Here  the  appearance  of  these  areas  is  the  pri- 
mary process ;  the  pulmonary  tissue  lying  betw^een  frequently  remains 
entirely  intact,  or  only  gradually  and  secondarily  takes  part  in  the 
inflammation.  In  atypical  pneumonia,  however,  the  pulmonary 
tissue  of  one  or  more  lobes  is  uniformly  diseased,  and  only  in  the 
further  course  of  the  disease  do  changes  occur  in  special  areas,  or 
in  the  form  of  isolated  foci. 
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The  essential  difference  between  this  variety  of  lobar  affection  and 
the  lobar  affection  in  croupous  pneumonia  consists  in  the  absence  of 
fibrin  in  the  alveolar  space  during  the  entire  course  of  the  disease.  The 
onset  of  the  processes  in  many  cases  is  exactly  alike.  The  alveolar 
epithelium  here  also  first  swells  and  afterward  coalesces,  frequently 
into  large,  multinuclear  cells.  To  this  is  added,  earlier  and  more 
frequently  than  in  croupous  pneumonia,  enlargement  and  thickening 
of  the  alveolar  walls.  This  is  followed  in  many  places,  but  without 
uniformity,  by  an  outpouring  of  blood  into  the  alveoli.  Among 
such  alveoli,  which  are  completely  filled  with  blood,  there  are  others, 
which  are  only  filled  with  large  alveolar  epithelium  and  white  blood- 
corpuscles.  These  differences  in  the  individual  divisions  of  the 
affected  lobe  explain  the  irregular  appearance  of  the  cut  surface. 
Where  a  larger  group  of  alveoli  is  almost  exclusively  filled  with  white 
blood-corpuscles,  areas  of  variable  extent  show  themselves  to  the 
naked  eye,  which  have  a  gray  color,  standing  out  somewhat  above 
the  surface,  and  occasionally  even  having  a  granular  appearance. 
These  structural  differences  in  the  individual  divisions  of  the  previ- 
ously in  toto  affected  pulmonary  lobe,  which  at  first  are  affected  as  a 
whole,  may  now  be  looked  upon  as  the  special  criterion  of  atypical 
pneumonia,  and  make  it  possible  to  embrace  in  a  provisional  group  a 
number  of  diseases  which  undoubtedly  in  the  future  will  be  differ- 
entiated, each  according  to  its  bacteriologic  cause. 


THE  ETIOLOGY  OF  ATYPICAL  PNEUMONLA., 

So  far  the  bacterial  findings  in  cases  of  atypical  pneumoina  have 
not  been  sufficiently  definite,  and  no  attempt  has  been  made  to  sepa- 
rate the  different  varieties  of  bacteria  found,  so  that  it  is  as  yet  im- 
possible to  classify  the  groups  of  pneumonia  just  described.  Finkler 
found  various  bacteria  in  the  forms  of  the  disease  which  he  describes 
as  cellular  pneumonia  and  which,  in  the  main,  embrace  the  forms 
here  described  as  atypical  pneumonias,  besides  some  others  that  do 
not,  in  my  opinion,  belong  in  the  same  category — the  cellular  pneu- 
monia following  measles  and  phlegmonous  pneumonia  in  tuberculosis. 
The  micro-organisms  found  by  Finkler  are : 

Diplococcus,  in  2  cases  (not  identical  with  Fraenkel's); 

Bacillus  pneumoniae,  in  1  case; 

Staphylococcus,  in  12  cases; 

Streptococcus,  in  27  cases  (8  times  in  pure  culture). 

But  these  findings  fail  to  explain  the  etiology  of  the  individual 
groups,  the  classification  of  which  is  based  on  clinical  observations. 
It  is  to  be  expected  that  in  the  future  a  special  bacteriologic  cause 
will  be  found  for  each  variety.  For  the  present  we  have  the  follow- 
ing groups : 

Asthenic  and  bilious  pneumonia; 

Prison  pneumonia; 
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Pneumonia  occurring  in  epidemic  form  in  special  localities  and 
directly  transmissible ; 

Pneumonias  conmumicable  from  birds  to  man; 

Pneumonias  coiunumicable  from  other  animals  to  man; 

Pneumonias  occurring-  in  jjyemia. 

Up  to  the  present,  however,  the  bacteriologic  investigation  ^^•ith 
special  regard  to  this  classification  has  been  productive  of  but  slight 
results. 

In  a  fatal  case  of  asthenic  pneumonia  I  have  myself,  in  microtome 
sections  of  the  affected  pulmonary  parts  stained  with  fuchsin,  seen 
bacilli  in  the  tissue  which  closely  resembled  Bacterium  coli ;  a  certain 
proof  by  cultivation  was,  however,  not  possible.  Miiller,  in  a  case  of 
pneumonia  which  he,  it  is  true,  regards  as  belonging  to  croupous 
pneumonia,  found  in  the  sputum,  in  the  blood,  and  in  the  urine  a 
bacillus  which  produced  sulphuretted  hydrogen.  He  supposes  that 
the  organism  in  question  was  Bacterium  coli  or  one  of  its  congeners. 

Kreibich  has  arrived  at  a  better  result  in  reference  to  the  causal 
significance  of  Bacterium  coli  in  lobar  pneumonia.  In  a  case  of 
pneumonia  of  the  left  base,  which  occurrred  in  connection  with  insuffi- 
ciency of  the  mitral  valve,  dilatation  of  the  stomach,  hypertrophy  of 
the  prostate,  and  dilatation  of  the  bladder,  in  cover-glass  preparations 
he  found  long  staphylococci,  which  were  arranged  in  small  groups,  4 
to  6  bacilli  lying  together,  and  was  able  to  demonstrate  them  in  pure 
cultures,  taken  from  the  lung  as  well  as  from  the  spinal  marrow,  as 
Bacteria  coli.  After  intratracheal  and  intrathoracic  injection  of  this 
bacillus  into  rabbits,  pneumonia  occurred.  He  concludes  from  this 
that  Bacterium  coli  commune  is  capable  of  producing  lobar  pneumo- 
nia in  man.  As  regards  the  mode  of  infection,  he  believes  that 
aspiration  is  not  impossible.  In  most  cases  of  pneumonia  due  to 
Bacterium  coli,  there  is  probably  a  hematogenous  infection,  derived 
from  the  bowel  or  from  some  inflammatory  process  of  the  urinogenital 
tract. 

As  regards  psittakosis, — the  pneumonia  which  is  communicable 
from  parrots  to  man, — we  have  certain  results.  Nocard,  in  the  year 
1893,  demonstrated  a  bacillus  from  the  spinal  marrow  of  a  diseased 
parrot  the  characteristics  of  which  he  describes  as  follows:  "It  is  a 
short,  comparatively  thick  bacillus,  wdth  roimded  ends,  of  extraordi- 
nary motility.  It  is  aerobic  and  anaerobic,  develops  quickly  upon 
most  of  the  ordinary  culture-media,  provided  their  reaction  is  neutral 
or  slightly  alkaline;  is  decolorized  by  Gram's  method;  does  not 
hquefy  gelatin ;  does  not  produce  lactose  fermentation,  and  does  not 
coagulate  milk."  Gilbert  and  Fournier  obtained  from  the  dealer 
from  W'hom  the  three  parrots  referred  to  on  page  584  w^ere  bought  an- 
other bird,  which  had  died  after  a  few  days  of  severe  diarrhea.  All 
the  abdominal  organs  were  markedly  hyperemic.  The  peritoneum 
showed  isolated  ecchymoses ;  the  spleen  was  swollen ;  the  bowel  was 
hyperemic  to  a  marked  degree,  and  ulcerated  in  places.  In  the 
blood,  in  the  spleen,  in  the  spinal  marrow^,  and  in  the  bowel  they 
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found  a  bacillus  which  was  identical  with  the  one  described  by  Nocard. 
In  the  patients  treated  by  them  (see  p.  584)  they  failed  to  find  this 
bacillus  either  in  the  sputum  or  in  the  blood  derived  from  the  finger 
by  the  prick  of  a  pin.  From  the  former  only  virulent  pneumococci 
and  streptococci  could  be  isolated.  In  two  patients  of  Matthieu's 
also, — man  and  wife, — that  suffered  from  psittakosis,  they  could  not 
find  the  bacillus  in  the  blood  derived  from  a  vein,  or  in  the  sputum, 
or  in  a  small  pleural  effusion  of  the  woman,  or  in  the  blood  derived 
by  puncture  from  the  spleen,  three  clays  before  death.  But  they  were 
able  to  isolate  it  from  the  blood  of  the  heart  of  the  woman,  which  was 
obtained  at  the  autopsy,  and  to  prove  its  complete  identity  with 
Nocard's  bacillus.  The  virulence  for  various  animals  (parrots,  mice, 
rabbits,  etc.)  was  alike  severe.  As  regards  the  other  peculiarities  of 
this  bacillus,  they  determined  that  no  indol  reaction  occurs  in  a  pep- 
tone solution,  and  in  culture  upon  potatoes  it  resembles  the 
Escherich  bacillus.  It  contains  from  10  to  12  spores,  similar  to 
Eberth's  bacillus.  They  are,  however,  more  friable  and  are  easily 
loosened.  Besides  tliis,  they  determined  the  effects  of  serum  diag- 
nosis, in  which  they  used  the  serum  of  well  persons  and  of  typhoid 
patients.  They  added  to  20  drops  of  a  twenty-four-hour-old  bouillon 
culture  one  drop  of  serum,  which  was  taken  from  an  enteric  fever 
patient,  and  saw  a  very  plain  clumping  of  the  bacilli  occur ;  this,  how- 
ever, was  less  voluminous  and  plain  than  under  similar  conditions  with 
the  typhoid  bacillus,  and  the  bacilli  did  not  lose  their  motility.  On 
adding  the  sermn  of  a  healthy  person,  they  do  not  appear  to  show  any 
modification. 

Upon  the  basis  of  these  results  the  authors  arrive  at  the  conclusion 
that  the  disease  in  question  is  clue  to  a  bacterium  which  can  be 
positively  differentiated,  which  is  frequent  in  parrots,  and  easily 
communicable  to  man. 

[It  is  plainly  seen  that  the  term  atypical  pneumonia  will  not  be 
employed  when  we  can  recognize  the  micro-organism  which  causes 
the  infection  and  attribute  to  it  a  symptomatology  which  would 
correspond  to  the  specific  infection,  just  as  we  have  a  symptom- 
atology for  a  pneumococcus  infection.  All  infiammations  of  the  lungs 
will  be  called  infections,  and  we  will  have  a  pneumococcus,  a  strepto- 
coccus, a  staphylococcus,  etc.,  infection. — Ed.] 


SYMPTOMATOLOGY. 

Every  individual  variety  of  atypical  pneumonia  presents  pecu- 
liarities in  the  duration  and  severity  of  the  disease,  according  to  the 
individuality  and  the  age  of  the  one  affected.  To  this  there  is  added 
the  dissimilarity  of  the  course  depending  on  a  dissimilarity  in  the 
,  causes  of  the  disease.  From  this  a  variety  of  symptoms  result,  which 
make  it  exceedingly  difficult  to  give  a  comprehensive  description. 

The  fever  may  occur  acutely,  with  a  chill,  just  as  in  croupous  pneu- 


ATYPICAL   PULMONARY   INFLAMMATIONS.  589 

monia.  The  teniperature  then  rises  rapidly  to  a  marked  height. 
Except  in  abortive  varieties,  in  which,  after  from  twenty-four  to 
forty-eight  hours,  the  temperature  becomes  normal,  the  fever  may 
be  continuous,  lasting  several  days,  and — ])ro\ided  dcatli  does  not  oc- 
cur at  the  acme  of  the  disease — may  terminate  either  by  lysis  or  by 
crisis.  "Every  severe  case  does  not,  however,  terminate  with  the 
first  defervescence;  in  case  of  relapse,  the  fever,  after  the  first  critical 
fall,  again  com})letes  a  pneumonic  cycle;  or,  if  concomitant  pleural 
or  pericardial  processes  become  prominent,  the  temperature  curve 
is  quite  atypical"  (Ki.ihn). 

In  other  cases  the  disease  begins  ^vith  all  the  signs  of  general  mal- 
aise and  a  gradual  rise  in  the  temperature,  so  that  only  tempera- 
tures of  40°  C.  (104°  F.)  and  over  are  not  reached  before  the  fourth 
day.  In  such  cases  the  objective  changes  in  the  lungs  are  not  promi- 
nent ;  two  or  three  days  may  go  b}^  before  a  certain  proof  of  consoli- 
dation is  possible. 

Very  early,  in  many  cases,  the  mucous  membrane  of  the  pharynx 
shows  itself  affected.  In  the  patients  observed  by  Kiihn,  angina  and 
catarrhal  stomatitis  formed  an  integral  part  of  the  picture  of  the  dis- 
ease, and  were  only  rareh'  missed.  This  affection  was  usually 
noticeable  from  one  to  two  days  before  the  onset  of  the  fever,  and 
in  some  few  cases  led  to  a  high  grade  of  swelling  and  diphtheritic 
deposits.  The  stomatitis  in  one  year  (1876)  regularly  went  on  to 
stomacace,  or  a  mild  form  of  scorbutic  gingivitis.  Gastou  remarks 
that  in  a  few  instances  the  disease  assumed  a  different  form,  in  that 
after  a  severe  chill,  which  was  accompanied  by  headache  and  pains  in 
the  neck,  an  angina  occurred  with  a  yellowish,  apparent!}^  gangrenous 
coating  which  was  almost  adherent,  resembling  large  aphthae,  but 
w^as  not  accompanied  by  swelling  of  the  lymphatic  glands  of  the 
neck.  Simultaneously  with  this  angina,  congestion  of  the  lungs 
occurred,  accompanied  ^^ith  marked  debilit}'  and  a  sensation  of  great 
anxiety. 

Examination  of  the  lungs  makes  it  possible  to  determine  objective 
changes  in  every  case.  It  is  true  that  there  may  be  a  lapse  of  two 
to  three  days  from  the  onset  of  the  disease  before  the  objective 
changes  can  be  determined.  Then,  however,  there  are  always  signs 
of  pulmonary  consolidation  present.  Only  these  are  in  the  rarest 
cases  as  characteristic  as  in  croupous  pneumonia.  This  is  due  to  the 
anatomic  condition  of  the  diseased  pulmonary  parts,  which  deviate 
markedly  from  those  which  occur  in  croupous  pneumonia.  There  are 
differences  in  the  results  of  auscultation  and  percussion  between  a 
hepatized  pulmonarj^  lobe  in  croupous  pneumonia  and  a  splenified 
lobe  in  atypical  pneumonia.  At  least  these  designations,  which  have 
been  in  use  for  a  long  time,  appear  to  me  to  be  most  characteristic  for 
the  clinical  condition  describing  the  differences  in  these  diseases. 

Percussion  rarely  shows  well-developed  dulness ;  an  empty  note, 
wdth  or  without  a  tympanitic  admixture,  frequently  occurs.  Just  so 
auscultation  in  only  a  few  cases  shows  loud  bronchial  breathing ;  as 
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a  rule,  there  is  but  soft  bronchial  respiration  and  crepitation.  The 
sputa  are  rarely  characteristic.     Rusty  sputum  only  rarely  occurs. 

The  spleen  is  almost  always  enlarged  to  a  greater  or  less  extent. 

Catarrh  of  the  bowel  occasionally  occurs.  The  patients  of  Gastou 
all  had  profuse  diarrheal  stools  of  yellow  appearance. 

The  kidneys  are  frequently  affected.  The  urine  contains  more  or 
less  albumin.  At  the  autopsy  parenchymatous  nephritis  is  found 
(Kiihn). 

Upon  the  skin  patches  of  roseola  show  themselves,  occasionally 
also  petechite  (Ritter,  Gastou). 

The  nervous  system  is  frequently  affected.  The  gravity  and 
severity  of  the  affection  are  shown  in,  and  on  the  other  hand  are 
partly  responsible  for,  the  profound  involvement  of  the  nervous 
system.  As  a  rule,  stupor  and  delirium  occur  early.  Ritter  noticed 
in  one  case  jactitation;  later,  severe  delirium  and  attempts  at  flight. 

In  the  seven  cases  in  which  Kiihn  was  able  at  the  autopsy  to  inves- 
tigate the  condition  of  the  brain,  four  cases  showed  an  exudative  men- 
ingitis, more  or  less  well  developed;  once,  in  the  case  of  a  patient 
who  during  the  typical  fever  period  showed  severe  cerebral  symptoms 
and  later  succumbed  to  an  extensive  empyema,  there  was  found 
thickening  of  the  pia  as  well  as  marked  cloudy  swelling  in  the  sur- 
rounding vessels ;  twice  there  was  decided  hyperemia  of  the  meninges, 
serous  engorgement,  also  hyperemia  of  the  brain  and  a  slight  lessening 
of  the  ventricular  fluid. 

Of  the  other  complications  the  most  frequent  is  pleurisy  of  either 
a  purulent  or  a  serous  nature.     Pericarditis  is  rare. 


PROGNOSIS  AND  DIAGNOSIS. 

The  reports  of  all  authors  agree  that  the  disease,  no  matter 
which  form  of  atypical  pneumonia  described  it  may  assume,  is  very 
severe,  and  the  mortality  is  very  great.  Early  involvement  of  the 
nervous  system,  with  marked  symptoms,  large  quantities  of  albumin 
in  the  urine  above  all,  may  render  the  course  exceedingly  unfavor- 
able. 

In  the  diagnosis,  main  attention  must  be  paid  to  the  differences 
between  this  disease  and  croupous  pneumonia.  In  practice  it  will 
frequently  be  very  difficult  to  diagnosticate  the  first  case  correctly. 
If,  however,  a  number  of  cases  occur  in  the  same  institution,  in  a 
single  family,  or  in  persons  who  have  directly  or  indirectly  come  in 
contact  with  the  affected  person,  there  is  every  reason  to  believe, 
according  to  recent  experience,  that  an  atypical  and  not  a  croupous 
pneumonia  exists ;  and  the  local  conditions  must  therefore  be  thor- 
oughly searched  for  any  clue  to  the  etiology. 

The  objective  symptoms  of  the  disease  itself  must  be  carefully 
utilized  in  the  diagnosis.  Apart  from  the  results  of  auscultation  and 
percussion,  as  well  as  the  relatively  early  development   of  severe 
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cerebral  symptoms,  and  of  albumin  in  tlio  urine,  I  should  like  to  lay 
special  stress  on  the  necessity  of  examining  the  sputum  in  reference  to 
its  bacterial  contents.  It  is  very  easy  to  j)rej)are  cover-f^lass  prepa- 
rations from  the  sputum,  to  dry  them  over  a  flame,  then  stain  tliem 
for  five  minutes  with  a  solution  of  fuchsin-rubin  (0.01  in  100.0  aqua 
destillata),  rinse  in  water,  dry,  and  mount  in  Canada  balsam — a 
method  which  is  equally  useful  for  pneumonia  diplococci  and  for  in- 
fluenza bacilli. 

In  croupous  pneumonia  there  is  found,  with  the  simplest  caution 
(the  possible  avoidance  and  mixing  of  the  pneumonic  sputum  with 
the  mucus  of  the  mouth),  especially  if  rusty  sputum  is  available,  at 
least  an  overwhelming  number  of  the  characteristic  Diplococcus  pneu- 
moniae. In  atypical  pneumonia,  in  all  likelihood,  other  bacteria 
will  be  found  in  the  majority.  Such  a  result  of  course  in  itself 
proves  nothing  definite  in  regard  to  an  etiologic  connection  between 
these  bacteria  and  the  disease.  It,  however,  justifies  the  suppo- 
sition that  the  affection  is  not  croupous  pneumonia,  and  gives 
occasion  to  carefully  weigh  all  pathogenetic  circumstances  to  arrive  at 
a  correct  diagnosis.  Positive  proofs  I  cannot  certainly  bring,  because 
I  have  seen  but  few  cases  of  atypical  pneumonia,  which  belonged 
partly  in  the  province  of  asthenic  pneumonia  and  partl}^  in  the  pro- 
vince of  pyemic  pneumonia.  The  fact  that  in  verj^  intricate  cases 
of  pneumonia  I  was  able  to  make  the  diagnosis  between  influenza 
pneumonia  and  croupous  pneumonia  only  by  means  of  examination 
of  the  sputum,  leads  me  to  give  the  advice  always  to  make  a  bacterio- 
logic  examination  of  the  sputum. 

The  diagnosis  from  enteric  fever  has  but  slight  actual  interest, 
since  we  know  that  the  localization  of  the  typhoid  poison  in  the  lungs 
in  the  sense  of  a  primary  process  must  be  looked  upon  as  unproved 
(compare  above,  p.  498).  It  is  not  possible  in  such  cases — ^that  is, 
in  disease  of  the  bowel  in  which  a  pneumonia  occurs — ^to  demonstrate 
the  presence  of  typhoid  bacilli ;  and  without  such  proof  the  cases  ob- 
served by  Rodman  of  infectious  pneumonia  cannot  be  looked  upon  as 
typhoid.  Nor  can  Kiihn  bring  sufficient  proofs  for  the  conversion 
of  contagious  forms  of  pneumonia  into  typhoid  or  typhus  fever; 
even  if  among  12  cases  that  terminated  fatally ''in  the  typical  fever 
period,"  he  8  times  saw  the  solitary  follicles,  as  well  as  Peyer's 
patches,  swollen,  prominent,  pigmented,  but  not  ulcerated. 


PROPHYLAXIS  AND  TREATMENT. 

The  etiologic  conditions  described  allow  many  useful  prophy- 
lactic measures.  If  in  a  closed  institution  a  case  of  atypical  pneu- 
monia is  diagnosticated,  naturally  strict  isolation  of  the  patient  is 
necessar}^  Even  if  several  inmates  of  the  institution  are  attacked 
before  the  disease  is  correctly  diagnosticated,  much  trouble  may  be 
averted  by  making  use  of  this  measure.     Besides,  measures  are  to 
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be  taken  to  improve  the  sanitary  conditions  of  the  house.  A  similar 
procedm"e  is  necessary  when  the  disease  originates  in  a  single  family 
or  in  a  single  localit}''.  Only  those  having  to  do  with  the  nursing 
and  observation  of  the  patient  should  be  allowed  access  to  him. 

Further,  it  nmst  be  noted  whether  or  not  an  epizootic  disease  exists 
in  the  dwelling  or  in  the  workshop  of  the  patient.  Up  to  the  present, 
the  communicability  of  the  disease-producing  agent  from  animals  to 
man  has  been  definitel}''  determined  only  in  the  case  of  parrots. 
Gilbert  and  Fournier  advise  strict  supervision  of  the  importation  of 
parrots;  the  prohibition  of  the  sale  of  parrots,  especially  sick  par- 
rots, by  itinerant  venders;  rules  for  bird  merchants  and  possessors 
of  parrots  in  reference  to  isolation  of  sick  animals;  and  instruction 
of  the  public  in  reference  to  the  danger  of  the  communicability  of 
the  disease  from  parrots  to  man. 

As  regards  treatment,  it  coincides  with  that  of  croupous  pneu- 
monia. In  the  want  of  better  therapeutic  measures,  in  severe 
cases  the  subcutaneous  use  of  quinin  (p.  539),  with  stimulants,  should 
be  strongly  advised. 
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HYPOSTATIC  PNEUMONIA. 

"The  engorgement  of  lilood  or  serum,  often  found  in  the  posterior 
parts  of  the  hmgs  of  cachivers,  has  heretofore  been  considered  a  conse- 
quence of  the  gravitation  of  fluids  occurring  after  death,  or  at  least 
during  the  last  moments  of  life.  This  was  formerly  my  opinion  also, 
but  later  obserA^ation  convinced  me  that  hypostatic  pneumonia  pre- 
cedes death  for  quite  a  time,  and  in  many  cases  is  the  consequence  of 
the  fatal  issue.  It  has  been  frequently  mistaken  for  bronchitis,  with 
wliich  it  is  likely  to  be  complicated. " 

It  was  with  these  words  that  Piorry  for  the  first  time  transferred 
the  condition  we  are  about  to  discuss  from  the  sphere  of  postmortem, 
or  at  least  agonal,  findings  to  that  of  clinical  medicine.  "  Only  the 
obscurity  of  the  symptoms  could  give  rise  to  the  supposition  that  hy- 
postatic congestion  of  the  lungs  was  an  agonal  phenomenon,  the 
physical  signs  proAdng  that  this  condition  is  present  even  before  life 
is  extinct.  The  stethoscope  and  pleximeter  give  excellent  proof  of 
this ;  the  former,  by  demonstrating  absence  or  decrease  of  the  respira- 
tory sounds,  the  latter  by  aiding  us  to  discover  a  constantly  in- 
creasing dull  note ;  at  the  same  time  there  is  noted  an  increase  in 
resistance,  becoming  daily  more  manifest.  In  those  areas  in  which 
dulness  upon  percussion  is  noted  engorgement  will  be  found  at  the 
autopsy." 

But  Piorry  also  asks  the  question :  "  Is  hypostatic  congestion  of  the 
lungs  infiammator}'  in  character?"  and  answers:  "This  pathologic 
condition  will  almost  alwa^'s  be  found  subject  to  the  laws  of  gravity. 
In  such  cases  the  heart  is  flabby  and  may  be  easily  torn  by  the  finger. 
The  disease  appears  to  be  caused  by  weakness  and  to  be  due  to  the 
influence  of  graA^ty,  but  it  ma}^  be  complicated  by  an  acute  inflamma- 
tion. For  after  the  hypostatic  pneumonia  has  lasted  some  time,  one 
A^ill  find  the  lungs  to  be  in  a  state  of  red,  gra}",  or  straw-colored  hepa- 
tization similar  to  the  condition  occurring  in  acute  pneumonia.  The 
symptoms  observed  during  life  also  justif}^  the  same  conclusions.  For 
a  short  time  after  the  first  signs  of  hypostatic  congestion  the  heart- 
beats aj^e  increased,  the  pulse  is  harder,  the  respirations  are  more  fre- 
quent, the  skin  is  congested,  and  the  face  is  reddened.  Sometimes 
the  sputum  becomes  rusty;  in  other  cases  pleurodynia  is  noted.  In 
this  manner  the  pneumonia,  originally  not  inflammatory,  may  assume 
the  character  of  an  acute  inflammation  of  the  lungs. " 

These  \dews  of  Piorry,  according  to  my  opinion,  are  still  indis- 
putable, as  ■«dll  be  substantiated  by  the  following  discussion. 


PATHOLOGIC  ANATOMY. 

The  affection  begins  at  the  lowest  part  of  the  lungs  and  advances 
upward  as  well  as  forward,  following  the   laws  of  gra^dty;  it  does 
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not  conform  to  the  lobar  construction  of  the  lungs.  Its  almost  exclu- 
sive limitation  to  the  lower  lobe  is  due  to  the  fact  that  the  vertical 
dimensions  of  this  lobe  are  about  equal  to  the  antero-posterior  dimen- 
sions measured  from  the  lowest  points. 

The  affected  parts  are  almost  entirely  airless,  and  upon  handling 
feel  somewhat  tough  and  doughy.  Such  a  condition  is  termed  spleni- 
zation.  According  to  Rindfleisch,  this  splenization  appears  to  offer 
extremely  favorable  conditions  for  the  occurrence  of  inflammatory 
changes.  It  may  take  the  place  of  the  initial  hyperemia  of  the  acute 
inflammations,  and  may  be  succeeded  by  lobular  or  lobar,  but  always 
catarrhal,  infiltrations.  According  to  his  statement,  this  is  the  case 
in  the  hypostatic  pneumonias  of  enteric  fever  and  marasmus. 

The  further  anatomic  changes  in  the  course  of  this  affection,  as 
they  have  been  observed  in  aged  individuals,  have  been  depicted  to 
perfection  by  Hourmann  and  Dechambre.  "While  according  to  their 
statement  there  are  no  essential  differences  from  croupous  pneumonia 
during  the  first  stage,  during  the  second  the  inflamed  lungs  are  neither 
so  hea\y  nor  so  enlarged  as  when  equally  affected  areas  are  involved  in 
ordinary  pneumonia.  The  affected  parts  do  not  sink  entirely  in 
water,  although  they  sink  to  a  greater  depth  than  do  normal  lungs. 
Two  varieties  of  this  stage  are  noted  in  the  aged.  The  first  is  charac- 
terized by  the  perfectly  smooth  appearance  of  the  lungs  when  incised. 
The  cut  surface  is  homogeneous,  and  from  it  oozes  a  bright  red,  tena- 
cious fluid  which  is  not  frothy.  These  impermeable  areas  are  sometimes 
elastic,  sometimes  entirely  soft.  The  second  form  shows  the  cut  sur- 
face granular,  but  the  granules  are  considerably  larger  than  in  hepa- 
tized  lungs  of  j^ounger  individuals ;  they  are  at  times  regularly  circular 
and  of  equal  size ;  at  other  times  exceedingl}'-  varied  in  shape  and  size, 
according  to  the  manner  in  which  the  senile  state  has  made  itself  mani- 
fest in  the  vStructure  of  the  remaining  parenchyma.  Very  rarely  are 
the  hepatized  parts  softened  to  the  same  extent  as  in  ordinary 
pneumonia,  but  they  are  always  more  moist. 

The  third  stage  of  inflammation  is  a  repetition  of  the  two  forms 
just  mentioned.  Sometimes  the  cut  surface  is  even.  Irregular, 
narrow,  striped  spots  of  a  puriform  character  can  be  noted,  which,  by 
moderate  pressure,  may  be  displaced  up  to  the  cut  surface.  At  other 
times  the  surface  shows  the  same  more  or  less  coarse  granules  seen  in 
the  second  stage.  The  softening  in  this  case  is  at  least  as  considerable 
as  in  ordinary  pneumonia. 

This  description  should  be  correct  for  all  other  cases  of  hypostatic 
pneumonia,  even  should  it  occur  in  younger  individuals  in  connection 
with  acute  or  chronic  diseases.  Of  course,  the  above-described 
changes,  owing  to  the  shorter  duration  of  the  affection,  develop  com- 
paratively rarely.  Under  these  circumstances  the  lung  does  not  show 
more  than  a  congestion  at  the  onset  of  the  condition,  giving  the  depen- 
dent parts  a  darker  aspect  and  causing  a  decrease  of  air  in  the  alveoli. 
On  the  cut  surfaces  the  blood  oozes  in  single  drops  from  the  smaller 
vessels,  and  this  is  followed  by  the  further  change,  characterizing — to 
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use  Piorry's  expression — the  transformation  of  the  hj'postasis  into 
hypostatic  pneumonia:  "The  air  contents  disappear  entirely,  the 
tissue  is  heavier,  pressure  of  the  finger  perforates  the  cut  surface,  and 
no  more  blood  appears.  The  latter  is  caused  by  the  walls  of  the  smaller 
vessels  having  lost  their  elasticity  under  the  influence  of  the  inflanmia- 
tion." 

The  bronchial  mucous  membrane  of  the  diseased  parts  is  affected 
always  in  the  form  of  a  severe  h}'peremia.  from  which  a  purulent 
catarrh  may  develop.  The  above-mentioned  narrow-striped  spots  of 
puriform  character  probabh'  correspond  with  the  contents  of  finer 
bronchioles. 

The  participation  of  the  pleura  is  generally  insignificant.  Fre- 
quently slight  ecchymoses  appear  on  the  pleurre,  and  sometimes  fresh 
fibrinous  deposits.  Hourmann  and  Dechambre,  in  60  cases  of  old 
people  examined,  found  pleuritic  pseudomembranes  in  38. 

Pleural  effusions  which,  according  to  several  authors,  sometimes 
appear  in  connection  with  hypostatic  pneumonia,  are  rare.  I  have 
never  observed  such  a  case.  Piorry  says :  "The  frecjuency  of  pleurisy 
in  acute  and  real  pneiunonia,  on  the  one  hand,  and  its  rarity  in  hA'po- 
static  pneumonia  on  the  other,  is  certainly  one  of  the  most  important 
chstinctions  between  these  affections." 

Microscopic  examination  ^^ill  still  more  explicitly  illustrate  the 
character  of  hypostatic  pneumonia  and  its  distinction  from  other 
forms.  According  to  the  method  mentionecrin  the  foot-note  on  page 
396, 1  have  made  this  examination,  with  the  following  results : 

The  most  important  change  appearing  in  all  cases  refers  to  the 
alveolar  epithelia.  The  latter  invariably  contain  brownish,  friable 
masses,  but  the  form  and  the  size  of  the  cell  protoplasm  are  not  suffi- 
cienth'  preserved  to  correspond  ■^ith  a  normal  cell.  The  friable 
material  is  also  found  outside  of  the  epithelia  and  free  in  the  alveoli. 

This  change  differs  but  little  from  that  of  the  first  stage  of  croupous 
pneumonia ;  in  the  latter  the  epithelia  are  unchanged  in  form  and  size 
and  do  not  degenerate,  whereas  in  hypostatic  pneumonia  the  nuclei  of 
the  alveolar  epithelia  undergo  changes  that  gradually  destroy  the 
cells.  When  stained  with  Biondi-Heidenhain's  stain,  they  become 
brown,  and  not  blue,  like  the  nuclei  of  normal  epithelia;  moreover, 
it  is  impossible  further  to  stain  the  nuclei  wdth  the  same  stain.  The 
alveoli  contain  only  non-nucleated  flakes  as  large  as  alveolar  epitheha, 
which  fact  I  was  able  to  demonstrate  clearly  in  a  case  of  hypostatic 
pneumonia  complicating  ascending  paralysis.  Although  I  was  imable 
to  observe  an  absolute  disintegration  of  the  nuclei  into  granules  as  a 
preparatory  stage  of  nuclear  disintegration,  nevertheless,  I  have  no 
doubt  that  the  entire  process  is  identical  with  the  changes* ^"^  ob- 
served in  kidney  cells  after  ligation  of  the  kidney.  This  latter  process 
I  have  designated  coagulative  necrosis,  in  the  sense  that  Weigert  uses 
the  term. 

*The  small  figures  tliroughout  tlie  text  are  references  to  the  Bibliography  on 
page  592. 


604  INFLAMMATIONS  OF  THE  LUNGS. 

This  change  of  the  epitheha,  never  absent  in  any  case  of  hypo- 
static pneumonia,  is  sometimes  accompanied  by  a  complete  congestion 
of  the  alveolar  capillaries  which  in  normal  lungs  cannot  be  demon- 
strated by  the  above-mentioned  method  of  staining.  It  differs  from 
the  congestion  of  the  capillaries  in  croupous  pneumonia  in  so  far  as 
in  this  affection  the  capillaries  are  constantly  very  much  wider. 

In  rare  cases  the  alveoli  may  also  contain  fibrin,  the  condition 
differing  from  croupous  pneumonia  only  TDy  the  fact  that  the  fibrin- 
plugs  are  less  abundant.  A  disintegration  of  the  alveolar  walls  ma}^ 
also  take  place,  causing  the  fibrin-plugs  of  several  alveoli  to  coalesce. 

While  all  these  changes  are  uniformly  distributed  over  the  entire 
diseased  portion  of  the  lung,  in  accordance  with  the  duration  of  the 
illness  or  the  rapidity  of  the  process  (?),— that  is  to  say,  while  a  necro- 
biotic  process  at  first  exclusively  affects  the  alveolar  epithelium,  and 
later,  if  the  pathologic  process  in  the  epithelium  progresses  more 
slowly,  hyperemia  of  the  alveolar  capillaries  and  a  transudation  of 
blood-corpuscles  and  fibrin  may  be  added, — later  on  only  single  groups 
of  alveoli  appear  filled  with  round  cells.  In  connection  with  the 
above  is  the  fact  which  has  already  been  emphasized  by  Forster 
(*^,  page  247),  that  the  cut  surface  in  hypostatic  pneumonia  is  never 
as  coarse  and  as  granular  as  in  ordinary  pneumonia. 

I  must  leave  it  undecided  whether  extensive  lobar  infiltrations 
may  follow  as  Rindfleisch  asserts ;  but  I  can  deny  the  occurrence  of 
catarrhal  infiltrations  ^^hich  the  same  author  assumes.  In  no  in- 
stance was  I  able  to  demonstrate  the  essential  condition  of  catarrhal 
pneumonia  on  which  I  laid  stress  in  my  communication  on  infantile 
pneumonia — namely,  the  inflammatory  hyperemia  increasing  to  hem- 
orrhage of  the  capillary  terminations  of  the  arteries  in  the  walls  of 
the  finest  bronchial  twigs. 


ETIOLOGY  AND  PATHOGENESIS. 

Experience  teaches  that  hypostatic  pneumonia  occurs:  (1)  In  old 
individuals,  spontaneously  or,  more  frequently,  when  they  are  forced 
to  remain  in  bed  for  weeks,  as,  for  instance,  on  account  of  fracture  of 
the  neck  of  the  femur.  (2)  In  the  course  of  protracted  infectious 
diseases;  for  instance,  enteric  fever.  (3)  According  to  my  observa- 
tions, it  develops  with  striking  frequency  and  rapidity — i.  e.,  within 
a  few  days — in  the  train  of  severe  cerebral  and  spinal  affections.  I 
have  seen  hypostatic  pneumonia  appear  during  the  first  two  or  three 
weeks  of  ascending  paralysis,  of  hemorrhages  into  the  medullary  pia 
mater,  and  of  a  fracture  of  a  cervical  vertebra ;  moreover,  I  was  able 
to  demonstrate  it  by  the  autopsy.  I  have  also  observed  hypostatic 
pneumonia  to  follow  other  cerebral  diseases ;  for  instance,  apoplexy, 
in  which  it  is  comparatively  frequent. 

It  should  be  admissible  to  regard  not  only  a  weakness  of  the  myo- 
cardium, as  has  been  correctly  done  so  far,  but  also  a  weakness  of 
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the  vascular  system  in  general,  as  the  essential  condition  for  the  origin 
of  hypostatic  jineunionia.  Therefore,  one  shoukl  look  also  into  the 
local  condition  of  the  vessels  for  the  cause  of  the  detrimental  influ- 
ence exercised  by  the  gravitation  of  the  blood  u|)on  the  nutrition 
of  the  lowest  parts  of  the  lungs.  This  local  condition  depends  ui)on 
a  decrease  of  the  elasticity  of  the  blood-vessels,  which,  under  nor- 
mal conditions,  is  a  considerable  factor  in  bringing  about  the  flow 
of  the  blood  from  the  arteries  into  the  capillaries  and  beyond  them 
into  the  atuous  system.  Atheromatous  changes  in  the  vessels  in 
senility  should  especially  be  taken  into  consideration  in  this  connec- 
tion. 

According  to  Piorry,  embarrassment  of  the  circulation  in  the 
dependent  parts  of  the  lungs  may  be  observed  even  in  healthy  indi- 
^•iduals.  He  states  that  in  all  indi\'iduals,  after  the  nocturnal  dorsal 
decubitus,  the  percussion  note  and  the  respirator}^  sounds  are  de- 
creased in  the  morning,  principally  upon  the  right  side,  even  in  the 
strongest  person.  But  an  absolute  confirmation  of  this  statement  by 
other  authors  is  still  lacking.  Jiirgensen  gives  a  more  convincing 
example  as  proof  of  the  importance  of  gravitation  in  the  origin  of 
hypostasis  and  its  consequences.  The  leg  of  a  typhoid  patient  with 
thrombosis  of  the  crural  xem  was  put  into  a  box  and  the  patient 
brought  into  the  left  lateral  position.  The  ensuing  hypostasis  occupied 
a  narrow  strip  in  the  lateral  section  of  the  lung  which  corresponded 
exactly  with  the  most  dependent  part  of  the  organ. 

If,  according  to  Piorry,  ''hypostatic  pneumonia " attacks  princi- 
pally the  right  side,  it  "seems  to  be  caused  by  the  weight  of  the 
liver,  which  is  not  counterbalanced  by  the  weight  of  the  heart  and 
spleen.  The  hea\dest  part  of  the  liver  is  on  the  right  side,  and  as  this 
part  forms  the  end  of  a  lever  represented  by  this  organ,  it  must  draw 
the  body  over  to  its  side." 

The  pathogenesis  of  the  affection  ma}^  be  traced  to  an  insuffi- 
cient function  of  the  vessels,  or,  more  correctly,  of  the  vascular  walls 
which  causes  congestion,  ^^dth  a  detrimental  effect,  principall}-  on 
the  lowest  parts  of  the  lungs.  The  consequence  of  this  congestion  is 
deficient  nutrition  of  the  pulmonary  tissue,  principally  of  the  alveolar 
epithelia.  In  these  the  disturbed  nutrition  mil  cause  a  necrobiotic 
process.  If  this  take  place  very  rapidh^,  a  destruction  of  the  epithelia 
will  follow,  principally  b}^  means  of  coagulation  necrosis  (disappearing 
of  the  nucleus  probably  preceded  by  its  disintegration).  If  the  progress 
be  a  little  slower,  it  is  possible  that  an  inflammatory  irritation  may  be 
set  up  in  the  vessels  by  the  epithelia,  followed  by  exudation  of  blood- 
corpuscles  and  of  fibrin,  in  smaller  areas  also  by  the  emigration  of 
white  blood-corpuscles. 

Therefore  the  process  of  hypostatic  pneumonia  should  not  be  looked 
upon  as  inflammatory  at  the  onset.  It  is  only  when,  before  the 
nutritive  disturbance  in  the  alveolar  epithelium  has  advanced  too 
far,  the  cells  of  the  latter  irritate  the  alveolar  wall,  especially  the 
alveolar  capillaries,  that  inflammatory  changes  will  set  in  (see  page 
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392)  which    conform  with  those   occurring  in  croupous  pneumonia, 
but  are  neither  as  intense  nor  as  extensive. 


SYMPTOMATOLOGY. 

As  hypostatic  pneumonia  in  most  cases  is  a  compHcation  of  severe 
affections  not  necessarily  of  the  lungs,  and  as  at  the  onset  it  does  not 
show  any  noteworthy  subjective  symptoms,  it  is  likely  to  escape  ob- 
servation without  an  objective  examination.  "Even  in  the  aged 
who  do  not  suffer  from  any  other  disease  but  their  debility,  and  dislike 
of  exercise,  very  often  neither  difficult  respiration  nor  cough  nor  spu- 
tum is  observed,  although  the  engorgement  of  the  posterior  pulmonary 
lobes  may  have  reached  a  high  degree ' '  (Piorry) . 

As  a  remarkable  initial  SA'mptom  I  have  observed  a  high  degree  of 
exhaustion,  out  of  all  proportion  to  the  previous  course  of  the  respec- 
tive basal  disease,  which  could  not  very  well  be  explained,  either  by 
the  disease  itself  or  by  any  peculiarity  of  the  fever  connected  with  it. 
Daily  observation  of  the  patient  may  sometimes  enable  us  to  deter- 
mine such  a  difference  in  the  general  state  of  health  and  leads  us  to 
make  an  examination  of  the  most  dependent  pulmonary  parts. 

It  will  certainly  be  safer  always  and  conscientiously  to  examine 
the  lungs  in  all  exhausting  affections  and  exhausted  patients,  and  not 
only  in  the  aged.  At  the  same  time,  the  erect  position  in  bed  is  of 
some  therapeutic  value. 

Only  in  rare  cases  a  slight  increase  of  the  already  existing  fever  or 
a  slight  rise  of  temperature  in  an  apyretic  patient  betrays  the  onset 
of  hypostatic  pneumonia. 

The  objective  findings  alone  are  decisive.  Without  exception 
there  exists  a  more  or  less  well-marked  dulness  at  the  base  of  a  lung, 
which  generally  ascends  as  high  as  the  lower  third  of  the  scapula. 
According  to  my  experience,  the  right  lung  is  more  frequently,  or  at 
least  in  a  higher  degree,  affected  than  the  left. 

In  a  diagnostic  sense  it  is  of  special  importance  to  remember  that 
the  dulness  slightly  decreases  in  intensity  toward  the  lower  edge  of 
the  lung,  and  acquires  a  slightly  tympanitic  quality.  The  presence 
of  this  sign  greatly  facilitates  the  differentiation  from  pleural  effusions 
and  hydrothorax,  without  which  it  may  not  always  be  definitively 
determined. 

The  dulness  is  accompanied  by  diminished  respiratory  sounds  and 
weakening  of  the  pectoral  fremitus,  rarely  with  light  bronchial  breath- 
ing. If,  at  the  same  time,  fine  crepitation  occur,  it  depends  upon 
the  catarrh  that  exists  in  the  smaller  bronchi.  If  this  is  not 
present,  or  if  the  disease  has  complicated  another  affection  which  so 
far  has  not  yet  affected  the  lungs,  it  may  be  possible  that  cough  is 
absent,  during  the  entire  course,  even  in  cases  in  which  a  restitutio  ad 
integrum  occurs. 

Sputum  need  not  be  expectorated  at  all,  and  it  is  rarely  ever  of  a 
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homorrhaf!;ic  character.  I  do  not  tliiiik  it  is  quite  justifiable  to  as- 
sume a  causal  connection  between  the  dyspnea  and  cyanosis  which 
sometimes  develop  and  hypostatic  pneumonia.  These  symptoms 
are  more  readily  explained  by  the  basal  disease.  The  weakness  of 
the  A'ascular  system  which  gaA'e  rise  to  hypostatic  pneunujnia  is  in 
itself  liable  to  produce  such  manifestations. 

The  prognosis  depends  entirely  upon  the  causal  disease.  The 
severity  of  the  affection  and  its  influence  upon  the  action  of  the  heart 
and  the  vascular  system — in  the  aged  this  infkience  alone — determine 
the  degree  of  the  structural  changes  in  the  lung,  and  in  connection 
herewith  the  possibility  of  complete  recovery. 


PROPHYLAXIS  AND  TREATMENT. 

The  principal  object  should  be  to  limit  the  severity  and  duration 
of  any  disease  that  is  capable  of  giving  rise  to  hypostatic  pneu- 
monia. 

If  an  old  man,  on  account  of  a  fracture  of  the  neck  of  the  femur,  has 
to  remain  in  bed  for  weeks,  it  is  to  be  feared  that  hypostatic  pneumo- 
nia may  set  in,  especially  if  extensive  atheroma  of  the  vascular  system 
exists.  As  in  this  case  a  change  of  posture  in  bed  is  not  possible,  a 
shortening  of  the  stay  in  bed,  with  application  of  proper  walking  appa- 
ratus, will  be  of  the  greatest  advantage. 

If  in  an  acute,  long-lasting  disease — as  enteric  fever — hypostatic 
pneumonia  threaten,  it  is  of  importance  to  counteract  as  much  as  pos- 
sible the  injurious  influence  of  the  toxin  of  fever  as  well  as  the  effect 
of  the  fever  itself.  Tepid  baths  with  mild  cold  douches,  which  induce 
deep  inspiration,  are  in  place  here.  The  patient  should  also  be  induced 
to  change  his  posture  in  bed  frequently. 

AMienever  possible,  Jiirgensen's  advice  should  be  followed  and 
energetic  action  of  the  respiratory  muscles  should  be  brought  about. 
He  causes  patients  who  are  able  to  do  so  to  take  methodic,  deep  inspir- 
ations with  the  aid  of  the  auxiliar}'  muscles  of  respiration.  The 
patient  sits  erect,  takes  hold  of  a  support  with  the  hands,  and  breathes 
a  certain  number  of  times  in  a  minute. 

In  cases  of  cardiac  asthenia,  stimulants  such  as  brandy  or  cham- 
pagne are  to  be  given.  Not  infrequently  the  use  of  digitalis  is  indi- 
cated. It  may  always  be  prescribed  when  the  pulse  is  frequent  and 
small,  it  being  immaterial  whether  it  is  irregular  or  not.  No  other 
remedy  will  better  stimulate  the  circulation  of  the  blood  and  thus 
prevent  congestion — an  essential  condition  for  the  occurrence  of 
hypostatic  pneumonia ;  and  if  congestion  has  already  caused  hypo- 
stasis, no  other  remedy  will  better  remove  it.  Even  then,  when 
hypostatic  pneumonia  has  developed,  the  use  of  digitalis  may  be  able 
to  influence  the  issue  favorably,  provided  the  underhing  original  dis- 
ease will  admit  of  such  a  possibilit}'. 
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ASPIRATION  PNEUMONIA. 

A  FEW  remarks  will  have  to  precede  the  description  of  this  disease. 
In  the  first  place,  regarding  the  name.  It  is  frequently  called  "  deglu- 
tition pneumonia,"  but  the  name  is  not  comprehensive  enough,  be- 
cause it  embraces  only  a  small  part  of  the  causal  conditions.  It  is  true 
that  in  laryngoparalysis,  which  may  either  be  local  or  caused  by  an 
affection  of  either  the  vagus  nerve  or  of  its  branches,  liquids  during 
the  act  of  deglutition  are  bound  to  enter  the  trachea,  and  from  there 
find  their  way  into  the  alveoli.  The  morbid  changes  thus  produced 
in  the  pulmonary  tissue  are,  of  course,  brought  about  by  deglutition, 
which  means  that  the  fluids  have  taken  the  wrong  course.  But  it  is 
possible  that  identical  changes  in  the  pulmonary  tissue  can  take  place 
without  any  process  of  swallowing,  solely  by  the  process  of  inspira- 
tion. If  a  man  fall  into  the  water  and  remain  under  water  for  some 
time,  he  inspires  only  water  instead  of  air.  In  a  state  of  unconscious- 
ness the  deglutition  movements  may  stop  entirely.  The  saliva 
secreted  in  the  mouth  is  changed  into  a  frothy  fluid  by  the  inspired 
and  expired  air,  and  more  or  less  of  this  fluid  will  be  inspired  into  the 
pulmonary  alveoli  through  the  trachea.  The  last-named  occurrences 
are  the  principal  causes  of  the  disease. 

For  this  reason,  and  also  not  less  because  an  entering  of  the  fluids 
through  the  paral3'zed  glottis  and  their  advancing  into  the  alveoli  is 
only  possible  by  means  of  the  respiration,  it  is  adidsable  to  drop  en- 
tirely the  name  deglutition  pneumonia  and  substitute  "aspiration 
pneumonia, "  as  is  so  frequently  done  at  present. 

Then,  of  course,  the  aspiration  of  arge  solid  bodies  that  remain 
fast  in  the  bronchi  has  to  be  distinguished  from  the  aspiration  of 
liquids  containing  bacteria  or  microscopic  elements  which  may  succeed 
in  entering  the  alveoli.     Only  the  latter  is  to  be  considered  here. 

But  a  precise  definition  is  also  required  in  another  respect. 
Hitherto  aspiration  pneumonia  has  generally  been  erroneously  iden- 
tified with  catarrhal  pneumonia,  and  in  text-books  on  medicine  as 
well  as  on  pathologic  anatomy  the  two  affections  have  been  treated  in 
common.  The  only  reason  for  identifying  them  is  found  in  the  iden- 
tity of  the  gross  anatomic  changes.  In  doing  so  the  heterogeneous 
original  causes,  and  in  connection  therewith  the  differences  as  regards 
age  in  the  affected  individuals  (catarrhal  pneumonia  mostly  affects 
children),  as  well  as  the  dissimilarity  in  the  course  and  termination 
of  the  two  diseases,  were  completely  overlooked. 

Nor  is  elucidation  of  the  question  brought  about  even  by  a  study 
of  the  changes  in  the  pulmonary  tissue  after  section  of  the  vagus. 
According  to  Traube  's  generally  accepted  interpretation,  these  changes 
are  caused  by  fluid  from  the  mouth  entering  the  finest  bronchial  twigs 
and  the  alveoli ;  for,  according  to  Frey 's  investigations,  vagus  pneumo- 
nia is  closely  related  to  catarrhal  pneumonia  of  infants  as  described  by 
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Colberg.  After  bilateral  section  of  the  vagus  he  found  jirocesses  in  the 
lungs  which  were  nianifostocl  l)y  hyperoniia  of  the  parenchyma  and 
abundant  discharge  of  serous  fluid  into  the  bronchi,  by  cloudy  swell- 
ing of  the  epithelium,  by  the  appearance  of  numerous  lymphoid  ele- 
ments in  the  vessels,  by  collapse  of  the  hypereniic  tissue  of  the  upper 
lobes,  by  the  presence  of  a  true  infiannnatory  infiltrate,  principally  of 
the  hepatized  parts,  and,  finallv,  in  cases  of  long  duration,  by  partici- 
pation of  the  interstitial  tissue  in  the  inflammatory  process. 

I  shall  dwell  more  explicitly  upon  this  point  later  on,  when  I  de- 
scribe the  changes  caused  by  the  cutting  of  both  ^'agi,  and  more  pre- 
cisely demonstrable  with  the  microscope,  and  I  shall  ha\'e  to  prove 
the  identity  of  vagus  pneumonia  and  aspiration  pneumonia  as  it 
appears  in  human  beings  as  well  as  the  differences  of  the  two  and 
catarrhal  pneumonia. 

In  the  first  place,  observations  in  human  beings  are  to  be  con- 
sidered. 

Buhl,  in  liis  discourse  upon  pneumonia,  makes  a  remark  Anth  refer- 
ence to  discriminating  between  deglutition  pneumonia  and  catarrhal 
pneumonia.  His  "reflections  upon  the  derivation  of  lobular  foci  of 
suppuration  from  a  displacement  of  the  purulent  mucous  secretion  out 
of  the  finer  bronchi  into  the  alveoli,  induce  liim  to  touch  briefly  upon 
other  foreign  bodies  inspired  into  the  bronchi,  and  their  inflammatory 
influence."  He  refers  principally  to  small  bodies  which  are  inspired 
into  the  smallest  bronchi  and  pulmonary  vesicles.  In  these  he  in- 
cludes the  blood  that  escapes  from  the  vessels  of  the  mucous  mem- 
branes and  small  pieces  of  croupous  membrane  which  are  drawn 
into  the  pulmonary  tissue.  But  also  ■without  hemorrhage,  ■udthout 
manifest  croupous  or  diphtherial  affections  in  the  upper  bronclii  or 
pharyngeal  spaces,  there  appear  in  rare  cases  in  the  pulmonary  tissue 
exacth'  the  same  areas,  which  differ  from  the  lobular  purulent  areas  of 
so-called  catarrhal  pneumonia  in  so  far  as  not  only  the  alveolar 
contents  show^  purulent  conditions,  but  also  the  alveolar  wall  and  its 
bronchial  wall  are  disintegrated  and  of  a  yelloW'  pus  color.  The  areas 
have  something  quite  peculiar  and  characteristic  about  them,  wliich 
is  proved  by  the  fact  that  they  contain  a  nest  of  schizom3^cetes  or 
fimgi. 

Furthermore,  Nauwerck  describes  two  characteristic  cases  of  as- 
piration pneumonia  induced  by  ether  narcosis,  which  ''were  most 
likely  due  to  an  immediate  aspiration  of  the  infected  material  into 
the  pulmonary  parenchyma."  In  one  case  death  occurred  on  the 
fifth  day  of  the  disease.  The  lungs  contained  numerous,  somewhat 
prominent,  coarse  areas  about  as  large  as  a  hazelnut.  The  pleurse 
show^ed  hemorrhagic  and  fibrinous  exudations.  The  second  case  did 
not  terminate  fatally  until  after  two  and  a  half  weeks.  Besides 
numerous  lobular  pneumonic  areas,  there  was  an  abscess  the  size  of  a 
hazelnut  on  the  right  lower  lobe  which  entered  into  the  pleiu^a  and 
from  which  projected  a  large  necrotic  pulmonary  lobe. 

I  mj^self  had  the  opportunity  of  observing  cases  of  aspiration 
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pneumonia  that  appeared  in  the  course  of  poisoning  by  illuminating 
and  mine  gas,  and  the  making  of  carbolic  acid.  The  investigation 
showed  results  that  may  help  to  elucidate  the  question. 


PATHOLOGIC  ANATOMY. 

The  macroscopic  examination  of  the  lungs  of  individuals  that  died 
within  the  first  days  after  the  onset  of  the  disease  proves  the  existence 
of  small  lobular  areas  in  the  dependent  parts  of  the  lungs.  At  first 
glance  one  might  incline  to  the  belief  that  these  areas  are  the  result  of 
the  same  process  that  takes  place  in  catarrhal  pneumonia.  But  a 
closer  examination  vdth  the  naked  eye  ^ill  suffice  to  show  some 
differences.  The  areas  look  more  pale  gray;  they  are  less  firm  and 
coarse  and  their  peripheral  sections  still  contain  some  air  in  spite  of 
their  pathologic  appearance. 

But  the  process  need  not  be  hmited  to  the  dependent  parts  and  the 
lower  lobes.  I  infer  this  from  an  observation  which  Langerhans 
published  and  in  which  an  extensiAT  disease  of  the  lungs  took  place 
after  carbolic-acid  poisoning.  But  I  must  state  right  here  that  Lan- 
gerhans himself  does  not  interpret  this  case  as  one  of  aspiration  pneu- 
monia, but  rather  traces  the  changes  to  the  indirect  influence  of  the 
carbolic  acid,  and  regards  them  as  a  consequence  of  the  resorption  of 
the  poison  from  the  intestine.  He  substantiates  his  opinion  by  calhng 
attention  to  the  fact  that  in  his  observation  the  numerous  areas  were 
spread  over  every  part  of  both  lungs,  while  so-called  deglutition  pneu- 
monia, as  is  well  known,  is  mostly  found  in  the  middle,  and  then  in  the 
posterior  and  lower  parts  of  the  lungs.  Against  this  \dew,  further- 
more, is  the  short  time  (twenty-four  hours)  which  elapsed  between  the 
taking  of  the  poison  and  the  occurrence  of  death ;  also  the  uniform 
development  of  the  areas  and  the  absence  of  every  characteristic 
symptom  in  the  bronchi. 

But  it  appears  to  me  that  Langerhans '  principal  argument  against 
the  development  of  aspiration  pneumonia  is  not  tenable  in  "vdew  of 
Stubenrath  's  experimental  examinations  and  my  owm  observations  in 
human  beings.  Stubenrath  has  produced  aspiration  pneumonia  in 
rabbits  by  immersing  them  in  different  fluids,  and  in  one  case  has  ob- 
served red  hepatization  and  exudation  after  only  five  and  one-half 
hours ;  in  another  case  even  death  occurred  after  two  hours  in  conse- 
quence of  fully  developed  pleuropneumonia.  But  in  these  experi- 
ments diseased  areas  were  found  also  in  the  upper  lobe.  Here,  as  well 
as  in  human  beings,  the  posture  of  the  body  during  inspiration  may 
be  not  without  influence.  Langerhans  traced  the  affection  of  the  upper 
parts  in  both  lungs  of  the  first  of  his  two  cases  to  the  fact  that  the 
patient  was  a  pregnant  woman  who  occupied  the  dorsal  position; 
but  he  explains  it  as  being  due  to  the  direct  influence  of  the  carboHc 
acid  which  ran  down  into  the  sloping  bronchial  branches. 

The  author's  report  of  the  condition  of  the  lungs  in  his  second  case 
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is  quite  typical  of  the  macroscopic  appearance.     The  report  reads  as 
follows : 

"  The  pulmonary  layer  of  the  pleura,  as  far  as  there  are  no  adhesions, 
is  smooth,  moist,  and  glistening.  Almost  everywhere  in  the  left  lung 
thickening  is  felt;  on  the  other  hand,  crepitation  can  still  be  elicited 
almost  all  o\'cr.  After  ^•ie^ving  the  cut  surface  one  can  see  that  a  great 
number  of  the  lobules,  principall>-  in  the  middle  and  superior  parts  of 
the  upper  lobe,  are  hepatized  centrally,  and  only  a  more  or  less  narrow 
peripheral  part  of  the  lobules  contains  air.  The  hepatized  areas  have  all 
a  grayish-red  color  and  a  very  slightly  granular  cut  surface.  Almost  all 
the  lobules  in  the  middle  and  lower  parts  of  the  lower  lobe  are  hepatized; 
and  many  hepatized  lobules  may  also  be  found  in  the  upper  and  anterior 
parts  of  the  lower  IoIdc.  All  the  hepatizations  are  a  little  flabby  in  the  cen- 
ter, slightly  coarser  than  in  the  periphery.  Over  the  right  lung  the  contigu- 
ous pleura  of  the  upper  and  lower  lobe  appears  dry.  The  connecting 
pulmonary  tissue  is  hepatized.  On  the  cut  surface  centrally  hepatized 
lobules  can  everywhere  be  seen.  Exactly  the  same  results  are  found  on 
incising  the  anterior  and  posterior  parts  of  the  right  lung.  The  hepati- 
zations are  of  exactly  the  same  character  as  those  in  the  left  lung;  only 
in  the  middle  lobe  the  lobular  areas  commence  to  be  confluent,  but  here 
also  the  hepatizations  are  somewhat  flabby." 

In  the  further  course  of  aspiration  pneumonia  small  necrotic 
areas  are  formed  which,  according  to  the  kind  of  bacteria  that  entered 
the  lungs,  lead  either  to  gangrene  or  to  abscesses.  Ki-eibich  de- 
scribes a  case  (Xo.  27)  in  which,  in  connection  with  a  compression  of 
the  larynx  by  carcinomatous  glands,  ■uith  carcinoma  of  the  lungs, 
'^  numerous  lentil-sized  abscesses  appeared  in  the  left  lower  lobe. 
Upon  pressm'e  they,  as  well  as  the  bronchi,  discharged  thick,  grayish- 
yellow,  fetid  pus,  and  tw^o  large  abscess  ca\'ities  were  found  in  the 
lowest  parts.  smToimded  by  consolidated  tissue." 

In  the  case  described  by  Orth  as  "  mycosis  septica  in  the  newborn, " 
which  may  be  included  here,  the  infant  lived  only  three  and  a  half 
days,  and  yet  a  ripe  abscess  as  large  as  a  cherry-stone  w^as  found  in  the 
lower  edge  of  the  right  lower  lobe. 

The  finer  bronchi  are  probably  exclusively  affected.  They  show  a 
congested  mucous  membrane  and  may  be  filled  ^^ith  a  purulent  fluid. 
The  larger  bronchi  are  also  sometimes  diffuseh'  reddened. 

After  some  dm-ation  of  the  disease  the  pleura  will  be  affected ;  more 
or  less  extensive  fibrinous  exudations  with  hemorrhages  into  the  pleura 
proper,  which  at  the  onset  correspond  to  the  pulmonary  foci  imder- 
neath,  form  the  transitions  to  pleuritic  effusions  that  mostly  become 
purulent.  A  piu-ulent  pulmonary  area  may  break  through  into  the 
pleura. 

If  large  effusions  into  the  pleural  canity  occur  comparatively 
seldom,  this  is  mainly  due  to  the  rapid  unfavorable  termination  of 
the  disease.  The  microscopic  examination  gives  exact  data  for  the 
determination  of  the  anatomic  condition,  especially  for  the  distinction 
between  the  changes  taking  place  in  aspiration  pneumonia  and  those 


612  INFLAMMATIONS  OF  THE  LUNGS. 

in  catarrhal  pneiunonia.  Regarding  the  latter,  I  have  furnished 
special  anatomic  criteria  in  this  work  on  page  555,  and  elaborated 
them  in  several  points  in  a  lecture  ^^  before  the  Society  of  Xatmal- 
ists,  at  Brimswick.  I  particularly  emphasized  the  fact  that  in  tliis 
process,  which  originates  in  the  bronchial  mucous  membrane,  the 
hyperemia  of  the  vessels  supplying  the  bronchial  mucous  mem- 
brane is  to  be  considered  inflammatory,  because  I  have  found  in 
many  cases  of  catarrhal  pnemnonia,  in  addition  to  hyperemia  extend- 
ing into  the  capillaries,  hyperemia,  and  extensive  hemorrhages  in  the 
walls  of  the  bronchi  and  their  surrouncUngs.  Such'  hemorrhages, 
however,  can  only  appear  in  consequence  of  an  inflammatory  disease 
of  the  vascular  w^alls. 

I  was  further  able  to  prove  that  in  catarrhal  pneumonia  the  pri- 
mary process  upon  which  the  rest  depends  takes  place  in  the  bronchial 
walls,  and  only  through  them  infects  the  surrounding  tissue,  the  alveoh. 
The  latter  are  only  affected  secondarily. 

The  inflammation  spreads  from  without,  inward. 

Of  all  these  characteristic  changes  of  catarrhal  pneumonia,  no 
trace  is  found  in  the  lungs  of  persons  dying  of  aspiration  pneumonia. 

The  microscopic  examination  that  I  made  with  the  aid  of  the  stain- 
ing process  mentioned  on  page  396  gave  me  results  that  unciuestion- 
abty  distinguish  aspiration  pneumonia  from  the  catarrhal  form.  In 
the  former  the  finer  bronchi,  especially  their  vessels,  appeared  to  be 
entirely  unaffected  in  the  different  diseased  areas;  the  changes  con- 
cerned principally  the  alveoh  and  the  interalveolar  tissue.  But 
■^dthin  tliis  locality  cUfferences  existed  that  require  a  more  minute 
description  of  the  indi^■idual  observations. 

One  of  my  cases  was  a  man,  twenty-nine  A'ears  of  age,  who  after 
typhoid  fever  was  attacked  by  descending  pneumonia  of  the  right 
side  with  consecutive  empyema.  The  emp3'ema  was  evacuated 
through  resection  of  the  ribs,  but  in  spite  of  this  the  patient  grew 
worse.  During  the  last  days  of  his  life  he  was  mostly  sonmolent. 
Upon  autopsy  numerous  grajdsh- white,  airless,  sometimes  shghtly 
granular  looking  areas  were  found  in  the  lower  lobe  of  the  otherwise 
apparently  healthy  left  limg.  The  formation  of  these  areas  I  could 
readily  surmise  to  be  due  to  the  aspiration  of  secreted  material  from  an 
abscess  in  the  right  lower  lobe  of  the  limg,  and  this  supposition  was 
confu'mecl  later  on  by  the  results  of  my  microscopic  examinations. 

In  microscopically  examining  these  areas  numerous  crystaUine 
formations  in  the  alveoh  were  conspicuons.  They  were  mostly  of 
a  rectangular  shape  "^ith  irregular  edges.  An  exact  chemical  test 
was  not  possible  because  onlj^  the  finished  microscopic  preparations 
were  left  of  the  whole  specimen.  Finthermore,  the  alveoli  appeared 
to  be  entirely  filled  wdth  cellular  elements  which  were  stained  red- 
brown  and  which  corresponded  \^ith  the  swollen  ah'eolar  epithelia.- 
In  most  of  them  nuclei  were  no  longer  A-isible,  and  when  they  were 
present,  with  a  few  exceptions  they  proved  to  be  unstainable.  They 
were  of  a  pale  appearance.     Sometimes  two  or  three  such  nuclei 
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were  in  one  coll.  Kere  and  there  the  protoplasm  had  the  appearance 
of  honeycombs.  Only  small  quantities  of  fibrin  were  found  in  the 
ah'(M)li.  The  ah'eolar  ca})illaries  appeared  mostly  conspicuously 
hypercmic. 

Another  case  was  that  of  a  robust  man,  twenty-two  j^ears  of 
age,  who,  when  bathing,  went  into  shallow  water  head  first  and  struck 
bottom.  He  remained  under  water  for  some  time.  He  was  very 
quickh'  re^•i^'ed,  but  from  that  time  on  he  could  not  moA'e  his  legs,  and 
immediately  felt  great  weakness  in  liis  arms.  The  next  day  fever  and 
tracheal  rales  set  in,  and  seventy-two  hours  after  the  accident  death 
occurred.  Besides  a  fracture  of  the  third  cervical  vertebra  and  com- 
pression of  the  cervical  spinal  cord,  a  large  number  of  airless  areas, 
varying  in  size  from  that  of  a  pea  to  that  of  a  hazelnut,  were  found  in 
the  lower  lobes  of  the  lungs.  These  areas  were  gray  in  color  and  in 
striking  contrast  to  their  very  congested  surroundings. 

The  microscopic  examination  showed  in  these  areas  large  groups 
of  alveoli  completely  filled  with  white  blood-corpuscles,  interspersed 
with  red  ones;  the  vessels  of  the  interalveolar  tissue  were  highly 
congested,  wliile  the  alveoli  in  the  neighborhood  of  these  alveolar 
groups  contained  almost  nothing  but  red  blood-corpuscles.  Only 
scanty  remnants  of  the  alveolar  epitheliimi  were  visible. 

Finally,  I  shall  explicitly  describe  a  case  of  aspiration  pneumonia 
which  set  in  after  carbolic-acid  poisoning.  A  woman,  seventy-seven 
years  of  age,  weary  of  life,  had  taken  a  large  quantity  of  crude  carbolic 
acid.  A  few  hours  later  she  became  unconscious  and  was  taken  to  the 
hospital,  when  tracheal  rales  were  at  once  noted.  Here  her  stomach 
was  washed  out  wdth  plenty  of  water  until  the  fluid  ceased  to  smell  of 
carbolic  acid.  Subcutaneous  injections  of  oil  of  camphor  also  were 
used.  The  sensorium  became  clearer,  but  the  stertorous  breatliing 
continued,  the  pulse  remained  small,  and  the  extremities  were  cool. 
Later  on  abundant  stools  of  a  brown  color  appeared  and  vomiting 
occurred  once.  AVith  renewed  disappearance  of  consciousness,  in- 
creasing frigidity,  and  decreasing  pulse,  death  occurred  twenty-eight 
hours  after  the  intoxication.  The  autopsy  showed  that  in  the  entire 
intestinal  tract,  especially  in  the  pharynx  and  esophagus,  no  sign 
of  hyperemia  or  even  of  eschar  was  ^dsible.  But  the  mucous  mem- 
branes of  the  laryngeal  orifice  and  of  the  vocal  cords  were  conspicu- 
ously turgid;  the  entire  bronchial  mucous  membrane  was  highly  con- 
gested. The  lungs  were  edematous  all  over;  the  left  lower  lobe  and 
the  lower  part  of  the  left  upper  lobe  were  consolidated  although  still 
containing  air  in  some  places. 

The  microscopic  examination  demonstrated  the  changes  observed 
in  the  left  lung  to  be  caused  by  a  very  large  number  of  small  com- 
pressed areas  in  which  a  central  nucleus  and  two  zones  could  be  dis- 
tinguished in  every  case.  The  former  embraced  from  2  to  20  alveoli 
which  were  completely  filled  with  red  blood-corpuscles.  Other  visible 
alveolar  epithelia  appeared  to  be  without  nuclei.  The  zone  nearest 
the  central  nucleus  also  showed  a  congestion  of  the  alveoli,  but  this 
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was  mostly  caused  by  red  blood-corpuscles  with  swollen  alveolar 
epithelia  between  them.  Only  a  few  white  corpuscles  were  present. 
The  alveoli  in  the  exterior  zone  contained  much  fibrin  in  reticular 
form  which  surrounded  isolated  swollen  alveolar  epithelia.  Nor- 
mal pulmonary  tissue  was  found  between  the  different  compressed 
areas. 

But  in  many  places  the  central  part  of  the  area  showed  further 
advanced  changes.  The  separate  white  blood-corpuscles  were  invisi- 
ble; the  entire  part  was  coagulated  into  a  structureless  mass  and 
stood  aloof  from  the  inner  zone,  at  different  places  showing  a  wide 
fissure.  Sometimes  separate  elastic  fibers,  which  were  torn  out  of 
their  connection  with  the  other  tissue,  extended  into  such  a  fissure. 

In  spite  of  the  difference  of  the  microscopic  changes  in  the  three 
cases  described  above  (which  correspond  with  other  cases  observed), 
a  uniform  interpretation  of  the  entire  process  does  not  present  any 
special  difficulties. 

Although  in  quite  a  number  of  places  the  finest  bronchioles  contain 
amorphous  masses,  probably  derived  from  the  disintegration  of  leu- 
cocytes, the  essential  part  of  the  disease,  upon  which  its  anatomic 
and  clinical  character  as  well  as  the  termination  depend,  ends  in  the 
pulmonary  parenchj^ma.  The  alveoli  are  always  the  seat  of  the  affec- 
tion, and  frequently  the  interalveolar  tissue  is  also  affected.  Either 
a  swelling  of  the  alveolar  epithelia  with  disintegration  of  their  nuclei 
sets  in,  if  the  disease  takes  a  rapid  course, — that  is,  a  complete  coagula- 
tion necrosis,  accompanied  by  intense  hyperemia  of  the  alveolar  capilla- 
ries,— or,  during  the  subsequent  course,  or  if  the  duration  is  protracted, 
an  exudation  of  white  blood-corpuscles  into  the  most  affected  alveoli 
occurs,  filling  them  completely.  But  in  such  cases  a  peripheral  in- 
flamed zone  appears,  the  alveoli  of  which  then  contain  distended 
epithelia  and  numerous  red,  and  a  few  white  blood-corpuscles.  Only 
little  fibrin  can  be  discerned  between  these  cellular  formations. 
Sometimes  this  zone  is  siurounded  by  another  outer  one,  the  alveoU  in 
which  also  show  pathologic  changes  in  the  shape  of  a  dense  net  of  fila- 
ments which  surrounds  the  swollen  alveolar  epithelia  and  a  few  red 
and  white  blood-corpuscles. 

Whenever  intensity  and  duration  permit  the  full  development  of 
the  process,  the  consequence  is  that  the  central  alveoli  which  are 
congested  with  white  blood-corpuscles — in  other  words,  the  original 
focus  of  the  disease — are  cast  off.  This  change  may  take  place  very 
rapidly,  as  the  above-cited  case  of  carbolic-acid  poisoning  proves. 
Within  twenty-eight  hours  there  appeared  a  line  of  demarcation 
where  the  continuity  of  the  interalveolar  tissue  was  interrupted,  so 
that  only  the  elastic  fibers  of  the  alveolar  wall  extended  across  this 
line. 

It  is  evident  that  abscesses  may  later  develop  in  these  places. 
The  necrotic  nucleus,  separated  by  a  fine  of  demarcation  from  the 
morbid  but  still  living  tissue,  must  necessarily  lead  to  suppuration, 
eventually  to  gangrene,  if  the  patient  fives  long  enough. 
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That  this  description  of  the  pathologic  process  is  correct  is  further 
shown  by  the  results  of  my  experiments  in  vagotomy,  performed  on 
rabbits.  If  any  more  proof  is  needed  to  show  that  the  inflammatory 
changes  in  the  jnilmonary  tissue  which  follow  bilateral  vagotomy 
are  caused  by  the  aspiration  of  fluid  from  the  mouth,  I  believe  irrefut- 
able evidence  is  furnished  by  the  following  experiments,  which  seemed 
to  me  necessary  to  explain  the  morbid  process  in  diseases  due  to  the 
inhalation  of  dust,  which  will  be  described  later. 

In  some  of  the  experiments  I  put  charccjal  of  linden-wood,  such 
as  may  be  bought  in  any  drug-store,  mixed  with  gl}-cerin  to  the  con- 
sistency of  an  extract,  into  the  mouth  of  a  rabbit;  in  other  cases  I 
used  sulphid  of  mercury,  prepared  the  same  as  the  charcoal;  and 
immecUately  afterward  performed  bilateral  vagotomy.  This  done, 
a  small  quantity  of  the  glycerin  compoimd  was  again  put  into  the 
mouths  of  the  rabbits,  and  this  process  was  repeated  twice  daily  as 
long  as  they  remained  alive.  On  account  of  the  promptness  with 
which  death  occurred  after  bilateral  vagotomy  of  the  rabbits,  the 
charcoal  or  cinnabar  could  only  be  given  three  or  four  times. 

In  the  first  place,  vagotomy  without  synchronous  rubbing  of  pig- 
ment in  the  mouth  of  the  animal  resulted  in  pneumonia  rapidly  ter- 
minating in  death,  in  one  case  within  thirty,  in  the  other  within  fifty 
hours.     The  follo'udng  observations  were  made : 

1.  Large  white  rabbit.  May  28,  1898.  Bilateral  vagotomy.  Death 
after  thirty  hours.  .  The  left  thoracic  cavity  contaias  an  abundant  quan- 
tity of  transparent  serum.  The  pleura  is  covered  with  a  fibrinous  exu- 
date. The  left  upper  lobe  is  absolutely  airless,  firm,  and  very  congested. 
Gray  condensations  of  pinhead-size  show  through  the  surface  as  well  as 
on  the  cut  surface.  The  superior  half  of  the  left  base  shows  the  same 
conditions.  The  lower  half  is  permeated  b}''  hemorrhages,  but  otherwise 
contains  air.  The  right  upper  lobe,  except  a  small  part  of  the  lowest 
section,  is  also  without  air,  but  slightly  congested;  a  nimiber  of  gray 
condensations  on  the  cut  surface  can  also  be  seen.  The  right  middle 
lobe  is  almost  completely  atelectatic  and  contains  only  a  few  small 
pneumonic  areas.  The  right  lower  lobe  in  its  upper  part  shows  the 
same  conditions;  the  larger  lower  part  is  fairly  well  filled  with  air. 

2.  Large  gray  rabbit.  May  28,  1898.  Bilateral  vagotomy.  Death 
after  fifty  hours.  In  the  left  thoracic  ca^^ty  copious  transparent  serum 
is  found.  The  left  apex,  except  a  small  posterior  part,  is  airless,  con- 
gested, and  shows  a  few  gray  areas  on  the  cut  surface.  The  left  base  is 
also  airless  except  a  small  frontal  part,  with  numerous  small  aciniform 
gray  areas.  The  right  lung  shows  in  all  lobes  the  same  conditions,  except 
the  middle  lobe,  which  presents  a  dark  bluish-black  appearance  and  con- 
tains on  the  cut  surface  numerous  gray  areas  which  in  some  places  are 
confluent.  The  epiglottis  and  the  vocal  cords  are  pale,  the  lar\-ngeal 
and  tracheal  mucous  membranes  are  much  reddened. 

According  to  the  above  account,  there  is  a  conspicuous  cHfference 
in  the  anatomic  conditions  between  the  experimental  results  and  the 
conditions  in  human  aspiration  pneumonia.     In  the  latter  the  lower 
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lobes  are  almost  exclusively  the  seat  of  the  pathologic  changes ;  in  the 
rabbits,  the  upper  as  well  as  the  middle  lobes  appear  to  be  most 
affected.  But  this  difference  is  only  apparent  and  well  adapted  to 
confirm  the  explanation  of  the  processes  in  aspiration  pneumonia.  If 
the  supposition  is  correct  that  in  this  disease  fluid  from  the  mouth 
flows  through  the  paralyzed  glottis  into  the  bronchial  twigs  and  into 
the  alveoli,  and  thus  produces  the  disease,  then  the  lowest  parts  of 
the  lungs  must  be  affected  first  and  primarily.  In  human  beings  the 
lowest  parts  are  the  bases ;  in  quadrupeds  the  apices,  especially  so 
in  rabbits,  which  mostly  crouch  forward  when  lying  down. 

The  locality  of  the  affection  was  the  same  in  those  rabbits  which 
received  the  thick  glycerin  compound  almost  simultaneously  with  the 
vagotomy.  I  shall  only  mention  one  experiment  in  which  red  sul- 
phid  of  mercury  was  used : 

On  June  17,  1898,  bilateral  vagotomy  was  performed  with  a  pair  of 
dissecting  forceps  and  a  compound  of  glycerin  and  sulphid  of  mercury 
put  into  the  mouth.  The  latter  was  repeated  on  June  18th  at  7  and  11 
A.  M.  Temperature  39.1°  C.  (102.4°  F.).  On  June  19th  at  6.30  and  at 
11  A.  M.  the  same  doses  were  applied;  temperature  39.2°  C.  (102.6°  F.). 
On  June  20th,  about  fifty  hours  after  operation,  the  rabbit  was  found 
dead. 

The  left  lung  is  bound  to  the  thoracic  wall  by  slight  fibrinous  adhe- 
sions, and  is  entirely  airless  except  a  small  part  of  the  lower  edge. 
The  airless  parts  are  pale  and  emphysematous;  congested  areas,  mostly 
aciniform,  everywhere  show  through  the  pleura.  The  completely  atelec- 
tatic pulmonary  tissue  shows  likewise  numerous  vermilion  colored  areas 
on  the  cut  surface.  A\Tierever  this  redness  is  not  prevalent,  the  tissue 
has  a  hyaline  gray  appearance. 

The  apex  of  the  right  lung,  except  the  lower  emphysematous  edge,  is, 
like  the  middle  lobe,  of  a  dark  livid  appearance.  On  the  surface  and 
cut  surface  vermilion  areas  show  in  lai'ge  c[uantities,  and  likewise  on  the 
tissue  which  also  appears  livid;  the  base  contains  air,  is  edematous,  and 
very  emphysematous.  Abundant  quantities  of  red  sulphid  of  mercury 
are  found  in  esophagus  and  stomach. 

This  experiment,  as  well  as  another  one  with  a  compound  of  gly- 
cerin and  charcoal,  proved  conclusively  that  ample  quantities  of  the 
contents  of  the  mouth  were  inhaled  into  the  lungs.  In  these  cases  it 
is  really  a  question  of  actual  deglutition  pneumonia.  The  act  of 
deglutition  brings  only  a  part  of  the  contents  of  the  mouth  into  the 
esophagus,  another  quite  considerable  part  going  through  the  para- 
lyzed glottis  into  the  lungs. 

The  microscopic  examination  of  the  changes  in  the  pulmonary 
tissue  produced  by  the  experiment  plainly  sustains  the  justice  of  the 
opinion  that  an  absolute  conformity  exists  between  the  pulmonary 
changes  caused  by  bilateral  vagotomy  and  those  seen  in  human  aspi- 
ration pneumonia,  the  origin  of  the  latter  being  immaterial.  The 
process  in  the  lungs  of  the  rabbits  was  also  mainly  caused  by  changes 
in  the  alveoli ;  here  also  groups  of  alveoli,  or  single  ones,  were  filled 
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with  <2;raniilar  colls ;  their  surroundings  showing  analogoas  though 
lesser  changes.  These  hitter  coiLsisted  mostly  in  a  considerable  swell- 
ing of  the  alveolar  epithelia  and  more  or  less  copious  hemorrhages  into 
the  alveoli  and  the  surrounding  tissue.  Worthy  of  mention  also  is 
the  finding  of  amorphous  material  in  the  finer  bronchi  and  of  fibrinous 
plugs  in  the  finer  ^•essels.  In  some  places  the  blood  mast  have  coag- 
ulated in  the  smaller  vessels  before  life  was  extinct,  for  they  con- 
tained a  uniform  red  mass  in  which  no  morphologic  elements  could 
be  distinguished. 

Catarrhal  pneumonia  as  a  consequence  of  bilateral  vagotomy  is 
out  of  the  question  when  the  definition  given  on  pages  551  and  609  is 
taken  into  consideration.  These  experiments  do  not  bring  about  any 
other  changes  except  such  as  correspond  in  every  way  with  those  of 
human  aspiration  pneumonia,  as  described. 
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The  affection  is  caused  by  infectious  material  being  aspirated  into 
the  alveoli  through  the  bronchi.  One  of  the  most  frequent  exciting 
causes  is  the  occurrence  of  tracheal  rales,  the  result  of  an  exceedingly 
plentiful,  mostly  acute,  secretion  of  the  bronchial  mucous  membrane 
with  loss  of  consciousness.  The  secretion  of  the  bronchi  enters  the  oral 
ca\'ity  through  the  larynx,  mixes  mth  the  saliva,  and  is  partly  dra-uTi 
back  again  into  the  trachea.  In  the  same  manner  the  small  corpuscular 
elements  present  in  the  mouth, — for  instance,  the  epithelia  of  the 
mouth, — as  well  as  the  bacteria  from  there,  find  access  to  the  lungs. 

Until  recent  years  ether  narcosis,  which  apparently,  and  with  good 
reason,  we  have  entirely  discarded  in  Germany,  represented  a  typi- 
cal process  of  this  kind.  After  Poppert  and  Mikulicz  had  connected 
the  occurrence  of  bronchopneumonia  with  tliis  method  of  anesthetiza- 
tion, and  after  the  former  found  that  existing  statistics  did  not  prove 
the  alleged  superiority  of  ether  over  chloroform,  Xauwerck,  as  men- 
tioned, described  explicitly  two  fatal  cases  follo\\'ing  ether  anesthesia. 
He  correctly  ascribes  the  origin  of  the  pneumonia  to  autoinfection 
from  the  oral  ca^'ity.  The  narcosis  remo^'es  the  barrier  between 
the  infected  oral  ca^vity  and  the  bronchi,  and  the  secretion  of  both, 
moved  up  and  down  by  respiration,  becomes  mixed  "udth  infected 
material  and  gets  into  the  pulmonary  parenchyma. 

According  to  my  own  observations  the  process  in  ether  narcosis  takes 
place  exactly  as  reported  by  Xauwerck.  When  present  at  operations, 
I  have  had  repeated  opportunities  to  observe  the  traclieal  rale  during 
the  narcosis.  The  bronchial  secretion  is  bound  to  be  forced  up  into 
the  oral  cavity  during  expiration,  and  to  be  drawn  down  again  dur- 
ing inspiration,  thus  causing  a  highly  infectious  fluid  to  be  taken  up 
by  the  pulmonary  parenchyma.  The  possibility  of  severe  injury  to 
the  pulmonary  tissue  is  therefore  evident  and  caimot  be  guarded 
against.     Healthy  lungs,  on  the  one  hand,  short  duration  of  the  nar- 


618  INFLAMMATIONS  OF  THE  LUNGS. 

cosis  on  the  other,  are  probably  the  only  conditions  to  prevent  dan- 
gerous consequences. 

Lindermann  has  furthermore  proved  by  experiments  that  during 
ether  narcosis  a  part  of  the  contents  of  the  mouth  enter  the  bronchi. 
He  put  carmin  powder  into  the  mouth  of  a  rabbit,  and  anesthetized  it 
for  an  hour  with  ether.  The  animal  died  with  intense  rales  during 
the  etherization,  and  carmin  powder  was  found  both  in  the  lumen  of 
the  trachea  and  in  the  larger  bronchi.  [Whitney  considers  ether 
pneumonia  a  microbic  cUsease,  and  preventable  by  antisepsis  of 
mouth.  Anders  points  out  that  the  infection  is  not  derived  from  the 
inhaling  apparatus,  but  that  causal  influences  are  season  (in  80%  of 
his  cases  ether  pneumonia  occurred  at  the  time  of  the  year  when 
pneumonia  is  most  prevalent),  the  depression  of  a  prolonged  opera- 
tion, as  of  the  abdomen,  and  previous  disease  of  the  nose,  mouth, 
and  bronchial  tubes. — Ed.] 

Bruns,  it  is  true,  ascribes  the  occurrence  of  severe  bronchitis  or 
lethal  bronchopneumonia  to  the  use  of  ether  of  a  poor  quality;  by 
inhaling  pure  ether  only  a  speedily  passing  irritation  of  the  mucous 
membrane  is  produced.  He  hopes  to  overcome  the  bad  secondary 
effects  by  using  a  good  preparation  exclusively.  I  doubt  whether 
his  hope  will  be  realized,  because  I  have  observed  an  analogy  be- 
tween the  symptoms  in  ether  narcosis  and  the  symptoms  manifested 
in  the  respiratory  organs  after  carbolic-acid,  illuminating-gas,  and 
sewer-gas  intoxications;  This  analogy  is  so  conspicuous  that  any 
specific  influence  of  the  ether  may  be  excluded  and  in  every  case  the 
aspiration  of  infected  material  from  the  oral  cavity  must  be  regarded 
as  the  cause  of  the  disease. 

The  observation  and  demonstration  of  the  above-mentioned  het- 
erogeneous cases  of  intoxication  make  Grossmann's  explanation  also 
inadmissible.  He  says:  "Concentrated  ether  fumes  cause  a  reflex 
spasmodic  stenosis  of  the  larynx,  and  simultaneously  an  increased 
swelling  and  secretion  of  the  mucous  membrane.  Furthermore,  they 
cause,  by  direct  influence  on  the  velum  palati,  base  of  the  tongue,  and 
epiglottis,  anesthesia  or  paralysis  of  these  parts." 

Tracheal  rales  as  well  as  loss  of  consciousness  were  present  in  the 
cases  of  intoxication  observed  by  me  (twice  from  swallowing  of  large 
quantities  of  concentrated  crude  carbolic  acid,  once  from  illuminating 
gas,  once  from  a  fall  into  a  sewer)  just  as  in  ether  narcosis.  The 
unconsciousness  is  sufficient  to  abolish  the  reflex  action  of  the 
nerves  supplying  the  glottis,  and  consequently  to  bring  about  aspira- 
tion of  fluid  from  the  mouth. 

I  have  also  seen  diffuse  congestion  of  the  bronchial  mucous  mem- 
brane in  carbolic-acid  intoxication,  exactly  as  has  been  observed  after 
ether  narcosis.  Is,  therefore,  not  the  uniform  explanation  admissible, 
for  the  latter  cases  as  well  as  for  carbolic-acid  intoxication,  that 
the  material  aspired  from  the  cavity  of  the  mouth  causes  an  irritation 
of  the  bronchi  which  in  the  larger  ones  leads  to  catarrh,  and  in  the 
finer  ones  to  considerable  exudation? 
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With  reference  to  pathogenesis,  next  to  the  entrance  of  oral 
secretion  into  the  bronchi,  during  inspiration,  occurrences  have  to  be 
noted  in  which  the  inhalation  of  air  is  impossible  and  nothing  but 
watery  fluid  is  introduced  into  the  bronchi  by  the  involuntary  act  of 
respiration.  An  instructive  instance  of  this  theory  is  the  case,  men- 
tioned above,  of  a  man  who,  having  suffered  a  fracture  of  the  cervical 
vertebra  while  diving,  remained  under  water  for  some  time,  and  who, 
in  consequence,  was  attacked  later  by  aspiration  pneumonia.  The 
cases  observed  in  the  newborn  and  described  as  septic  pneumonia  be- 
long to  this  category.  Taking  former  observations  into  considera- 
tion, Silbermann  reports  four  cases  of  his  own.  Referring  to  the 
•observation  of  Orth,  who  ascribes  the  origin  of  the  disease  to  the 
transmission  of  bacteria  from  the  blood  of  the  mother  to  that  of  the 
child,  and  assuming  that  the  bacteria  reach  the  lungs  only  through  the 
blood,  Silbermann  concludes  that  septic  pneumonia  of  the  newborn 
is  caused  by  the  aspiration  of  putrefied  genital  secretions  (or  by  the 
inspiration  of  air  infected  by  the  mother's  septic  cHsease).  Sometimes 
it  is  complicated  by  pleural  affections,  rarely  by  other  organic  diseases ; 
in  contradistinction  to  other  septic  processes  in  the  newborn  which  are 
characterized  by  the  appearance  of  multiple  foci.  According  to  Sil- 
bermann's  statements,  the  alveoli  and  bronchi  of  children  who  have 
died  of  septic  pneumonia  are  filled  with  masses  of  bacteria.  [Refer- 
ence can  be  made  at  this  point  to  Steele's  valuable  paper  on  pleuritis 
in  the  newborn.  The  twenty-five  cases  he  collected  had  in  nearly 
every  instance  catarrhal  pneumonia,  and  he  agrees  with  Orth  in 
supporting  the  claims  of  Fischl  that  the  pneumonia  and  the  pleuritis 
were  the  result  of  a  general  infection  by  pyogenic  micro-organisms. 
The  mode  of  infection  was  through  the  umbilicus,  or  during  intra- 
uterine life,  or  through  infected  breast-milk,  and  in  four  cases  out  of 
twenty-five  b}^  aspiration. — Ed.] 

Local  affections  of  the  bronchi,  complicated  by  ulceration,  are 
another  cause  of  aspiration  pneumonia;  so,  also,  is  the  breaking 
through  of  affected  areas  from  the  surroundings  of  the  bronchi  into 
these,  and  the  infection  of  one  limg,  furnishing  secretions  which  are 
drawn  into  the  other  pre^^ously  healthy  lung. 

Kreibich  gives  characteristic  examples  of  aspiration  pneumonia, 
valuable  on  account  of  the  bacteriologic  examination  as  well  as  of  the 
pulmonary  changes  following  rupture  of  the  diseased  areas  into  the 
bronchi.  In  his  eighth  and  twelfth  cases  it  was  carcinoma  which 
caused  perforation;  in  liis  eleventh,  a  diverticulum  of  the  esophagus 
had  the  same  effect. 

Henoch's  opinion  regarding  the  influence  of  cUphtheria  upon  the 
occurrence  of  aspiration  pneumonia  deserves  special  mention  in  a 
pathogenetic  respect.  He  correctly  ascribes  the  putrid  broncliitis  as 
well  as  the  circumscribed  gangrene  of  the  lung,  occurring  in  small 
areas  in  such  cases,  to  the  aspiration  of  diphtherial  or  gangrenous  par- 
ticles of  tissue  which  not  only  set  up  an  inflammation,  but  also  directly 
infect  the  finer  bronchi  and  the  surrounding  parenchyma. 
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Not  less  remarkable  is  Baumler's  communication  on  the  inflamma- 
tory changes  which  took  place  in  the  course  of  tuberculosis  and  which 
he  considers  an  acute  inhalation  or  aspiration  inflammation,  both 
because  of  the  onset  of  the  process  and  of  the  lobular  and  vesicular 
localization  of  the  affection.  It  is  also  possible  that  in  patients  in 
whom  the  pulmonary  tuberculosis  was  absolutely  latent,  and  in 
whom,  either  in  one  or  in  both  apices,  old  cavities  surrounded  by  cal- 
lous tissue  were  found,  purulent  or  hemorrhagic  contents  of  these 
cavities  may  have  been  aspirated.  The  direct  occasions  of  carrying 
the  bacterial  inflammatory  cause  which  may  exist,  in  addition  to 
Bacillus  tuberculosis,  are  hemorrhages  from  tuberculous  sections  and 
the  aspiration  into  the  finest  bronchial  twigs  of  blood  containing  the 
morbid  matter. 

In  all  cases  the  co-operation  of  the  bacteria  is  necessary  to  produce 
inflammatory  disease  of  the  lungs.  Upon  their  kind  and  properties 
depend  the  form,  intensity,  and  severity  of  the  disease.  Some  in- 
fluence must  also  be  attributed  to  the  complicating  affection  that  is 
the  cause  of  the  process  of  aspiration,  as,  for  instance,  in  the  case  men- 
tioned above,  of  fracture  of  the  cervical  vertebra  in  consequence  of  a 
dive  into  the  water. 

The  bacteria  enter  the  respiratory  tract  mostly  with  the  aspirated 
fluid  or  with  the  aspirated  corpuscular  elements.  An  observation  of 
Hecker  teaches  that  such  microscopically  small  bodies  may  advance 
as  far  as  the  alveoli.  Five  minutes  after  death  of  the  mother  by 
eclampsia,  a  child  was  delivered  by  Cesarian  section  and  made  to 
breathe  by  the  proper  measures.  But  it  died  after  thirty-four  hours. 
A  dark  turbid  exudate  was  found  in  the  left  pleural  cavity,  covering 
the  base  of  the  lung,  which  was  stiff,  airless,  and  in  a  state  of  red 
hepatization.  "The  microscope  did  not  show  any  pus  corpuscles,  but 
numerous  large  squamous  cells,  which  could  originate  only  in  the 
mouth  and  the  pharynx  of  the  child." 

But  if  the  occurrence  of  aspiration  pneumonia  in  the  newborn  be 
comparatively  rare,  this  is  principally  clue  to  the  fact  that  during 
labor  pathogenic  bacteria  but  rarely  enter  the  respiratory  tract  in 
spite  of  the  frequent  aspiration  of  fluids.  This  view  is  sustained  by 
the  fact  that  most  children  who  develop  aspiration  pneumonia 
were  born  of  septic  mothers.  According  to  an  analysis  of  Silber- 
mann,  including  twelve  cases,  nine,  possibly  ten,  mothers  suffered 
from  severe  septic  infections.  Most  frequently  a  mixture  of  different 
kinds  of  bacteria  is  involved,  and  the  share  in  the  affection  of  the 
single  species  is  difficult  to  demonstrate.  Kreibich  found,  for  instance, 
in  one  of  the  above-mentioned  cases  of  perforating  carcinoma:  (1) 
Micrococcus  pneumoniae  (numerous  foci) ;  (2)  Bacterium  coli  com- 
mune; (3)  a  sarcina,  and  (4)  (in  sections)  Micrococcus  tetragenus. 
A  particularly  rare  occurrence  might  be  the  finding  of  Bacillus  sub- 
tilis,  which  I  located  in  the  repeatedly  mentioned  case  of  aspiration 
pneumonia  after  diving.  Nothing  but  the  characteristic  Bacillus 
subtilis  with  spores  was  found  in  smear  preparations  of  the  affected 
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lungs.  There  is  but  little  doubt  that  the  bacilli  entered  the  respira- 
tory tract  with  as))irate(l  water,  because;  this  bacillus  exists  in  water. 
Gireaudeau  and  Henou  examined  water  from  two  different  sources  of 
which  patients  had  drunk  who  were  affected  by  cholera  nostras.  One 
kind  contained  staphylococci,  the  other  Bacillus  subtilis.  It  is  true 
that  my  findings  do  not  prove  that  this  species  of  bacillus  is  j^atho- 
genic.  Even  if  the  inspired  fluids  are  free  fron:i  pathogenic  bacteria, 
infectious  processes  may  take  place — namel}^,  when  the  aspirated 
fluid  acts  as  a  chemical  or  mechaiiical  irritant  to  the  mucous  mem- 
brane of  the  respiratory  tract  or  the  alveolar  epithelia,  and  reduces 
their  normal  power  of  resistance  against  the  influence  of  pathogenic 
bacteria,  because,  as  is  well  known,  normal  respiratory  tracts  also  con- 
tain bacteria. 

Von  Besser  examined,  with  all  precautions,  the  bronchial  secretions 
of  ten  men  shortly  after  death,  and  found  Diplococcus  pneumoniae 
three  times.  The  cases  were  fracture  of  the  cervical  vertebra,  tuber- 
culosis of  the  peritoneum,  and  enteric  fever.  Diirk  confirmed  these 
results  by  extensive  examinations.  Not  only  did  he  find  different 
bacteria  in  human  lungs,  which  macroscopic  as  well  as  microscopic 
examinations  demonstrated  to  be  free  of  any  inflammatory  deposit, 
but  he  also  observed  pathogenic  bacteria  in  the  lungs  of  cattle,  some- 
times in  considerable  numbers.  He  adds:  "It  seems  evident  from 
these  results  that  the  lungs  are  not  the  germless  organs  which  they  are 
generally  supposed  to  be,  but,  on  the  contrary,  pathogenic  germs  are 
very  frequently  found  on  the  inner  pulmonary  surface,  which  evidently 
get  there  with  the  air-current. " 

To  be  sure,  it  must  be  mentioned  that,  according  to  Hildebrand's 
statement,  the  microbes  contained  in  the  air  we  breathe  do  not 
reach  the  deeper  air-passages,  but^under  normal  circumstances  are 
nearly  always  retained  in  the  nasopharyngeal  space.  From  his  ex- 
aminations Klipstein  came  to  the  conclusion  that  the  trachea,  the 
bronchi,  and  the  lungs  of  healthy  animals  (rabbits,  cats,  dogs)  under 
normal  circumstances  are  free  from  germs.  But  these  observations, 
even  though  they  do  not  invalidate  the  results  of  the  experiments 
mentioned,  which  were  carried  out  with  all  necessary  precautions,  do 
not  disprove  the  connection  between  the  aspiration  of  oral  secretion 
and  the  spontaneous  entrance  of  bacteria  into  the  air-passages,  on 
which,  the  present  argument  is  based ;  much  less  so,  since  Klipstein  by 
his  experiments  has  also  found  that  bacterial  inhabitants  of  the  cavi- 
ties of  mouth  and  nose  may  reach  parts  of  the  respiratory  appara- 
tus'to  which,  under  normal  circumstances,  they  have  no  access,  after 
these  parts  have  become  diseased. 

Would  it  not  be  more  correct  to  assume  that  bacteria  may  enter  the 
bronchi  under  all  circumstances,  but  will  only  find  favorable  condi- 
tions for  multiplication  if  an  affection  exists,  since  in  health  they 
are  expelled  by  the  respiratory  organs,  or  neutralized  in  some  way, 
as,  for  instance,  bj^  absorption? 

[It  will  be  observed  that  aspiration  pneumonia  can  be  employed 
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onl}^  to  suggest  the  mode  of  entrance  of  infective  agencies  or  of  mate- 
rials giving  rise  to  tramna  whereby  infection  is  invited.  Hence,  as 
with  catarrhal  pneumonia,  the  realization  that  the  process  is  infectious 
and  that  a  correct  nomenclature  can  only  be  based  upon  the  nature  of 
the  invading  micro-organism — a  pneumococcus,  a  streptococcus  infec- 
tion, etc.,  for  instance — would  remove  the  confusion  that  now  exists. 
—Ed.] 

SYMPTOMATOLOGY. 

The  symptoms  take  different  forms  according  as  the  disease 
appears  in  persons  up  till  then  healthy,  or  occurs  as  a  complication 
in  other  affections  wliich  existed  previously.  If  a  carcinomatous  dis- 
ease of  the  esophagus  cause  a  perforation  into  the  trachea,  and  a  mix- 
ture of  fluids  and  solid  particles  is  inspired  into  the  lungs,  grave  conse- 
quences must  result.  But  these  do  not  always  manifest  themselves  by 
a  special  change  of  the  subjective  condition.  Cough,  with  expectora- 
tion, and  dyspnea  may  have  existed  before  the  perforation  occurred. 
Only  a  regularly  conducted  objective  examination  of  the  lungs  will 
lead  to  the  demonstration  of  the  changes  which  agree  with  those 
caused  by  primarily  occurring  aspiration  pneumonia,  and  which  will 
be  described  later  on. 

Whenever  the  disease  occurs  in  healthy  individuals  from  the  aspi- 
ration of  fluid,  no  matter  whether  this  fluid  comes  from  the  outside, 
as  after  a  fall  into  the  water,  and  in  the  newborn  intrapartum;  or 
consists  of  a  frothy  mixture  of  saliva  and  mucus  from  the  trachea 
aspirated  during  unconsciousness, — ^for  instance,  in  ether  narcosis,  in 
poisoning  by  illuminating  gas  or  carbolic  acid, — ^the  most  conspicuous 
symptoms  are  those  which  indicate  an  abnormal  quantity  of  fluid  in 
the  larger  bronchi.  Moist  crepitant  rales  are  heard  over  the  lungs, 
both  anteriorly  and  posteriorly,  because  the  physical  conditions 
greatly  favor  a  propagation  of  the  sounds  in  all  directions  on  account 
of  the  firm,  resonant  bronchial  walls. 

If  the  causal  conditions  are  borne  in  mind,  such  objective  signs 
will  lead  to  the  conclusion  that  fluids  have  entered  the  lungs,  although 
further  changes  may  not  follow.  Especially  in  people  who  fall  into 
water  and  who  have  aspirated  some  of  it  the  rales  may  disappear  within 
a  few  hours  or  within  a  clay,  and  absolute  health  may  follow. 

In  other  cases  local  changes  may  take  place  in  the  pulmonary 
tissue.  Over  one  or  both  lower  lobes  a  dulness  on  percussion  ex- 
ists, but  it  does  not  extend  over  the  entire  lower  lobe ;  the  respiratory 
sounds  have  decreased;  catarrhal  sounds  are  audible.  Consequently 
it  is  already  a  question  of  an  inflammatory  change  of  the  pulmonary 
tissue  setting  in.  But  even  in  this  stage  a  restitutio  ad  integrmn  may 
occur,  and  fever  need  not  necessarily  prevail. 

A  speedy  recovery  depends,  in  the  first  place,  upon  the  quantity  of 
fluid  inspired  into  the  lungs ;  and,  secondly,  upon  the  bacteria  that 
have  entered  the  lungs  with  the  fluid.     Undoubtedly  the  species  of  the 
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bacteria  is  of  the  greatest  importance  for  the  course  and  the  termina- 
tion of  the  affection. 

The  best  proof  of  this  theory  is  fount!  in  Silbermann's  statistics  of 
the  above-menlionetl  twelve  cases  of  aspiration  (septic)  pneumonia  in 
the  newborn.  Of  the  12  motliers,  10  were  septic;  6  of  these  died. 
If  we  consider  that  the  pos.'^il)ihty  of  aspiration  intrapartum  is  the 
same  in  all  newborn  infants,  whether  the  mothers  pass  through  a 
normal  puerperium  or  suffer  from  puerj)eral  affections,  the  over- 
whelming occm-rence  of  aspiration  pneumonia  in  children  born  of 
septic  mothers  can  only  be  explained  by  the  fact  that  in  these  cases 
bacteria  of  a  very  ^•irulent  kind  ha\'e  been  inspired  with  the  fluid, 
wliile  in  other  cases  the  fluid  does  not  contain  an}'  pathogenic  bac- 
teri'a  or  only  such  as  are  of  a  less  virulent  character. 

In  the  majority  of  cases  in  which  the  above-mentioned  objective 
changes  of  the  pulmonary  tissue  are  manifest,  principally  if  fever  sets 
in  directly,  no  quick  regression  takes  place;  the  symptoms  of  inflam- 
matory processes  last  longer  in  these  cases. 

The  consecutive  order  of  the  symptoms  so  far  mentioned — i.  e.,  the 
early  crepitant  rales  over  the  larger  bronchial  twigs  and  the  following 
pneumonic  dulness — may  be  well  illustrated  by  a  carefully  observed 
case  of  Silbermann  of  a  newborn  cliild  whose  mother  died  of  puerperal 
peritonitis  on  the  tliird  day  postpartum. 

The  child,  examined  immediately  after  birth,  did  not  show  any  dis- 
ease except  rales  over  the  trachea  and  the  large  bronchi.  During  the 
evening  fever  set  in  (38.4°  C. — 101.0°  F.)  and  the  child  refused  food. 
Coarse  bubbling  rales  were  now  heard  over  the  trachea,  without  dyspnea. 
On  the  next  morning  the  fever  had  increased  and  severe  cyanosis  of  the 
face  and  dyspnea  set  in.  A  careful  examination  of  the  child  showed 
coarse  bubbling  rales  over  the  trachea,  medium-sized  and  fine  moist 
rales  in  the  fossa  supraspinata  and  infraspinata  on  both  sides,  but  no 
decided  dulness.  Pulse  120,  cardiac  sounds  loud  and  clear;  mucous  mem- 
branes of  mouth  and  pharynx  congested  and  swollen,  but  no  other  organic 
affections.  The  stmnp  of  the  imibilical  cord  showed  nothing  pathologic.  A 
little  m-ine  was  discharged,  sho^uing  hea^w  sediments  and  containing  small 
quantities  of  albmiiin.  The  dyspnea  occiured  in  both  respiratory  phases 
equally,  respiration  was  performed  by  means  of  the  auxiliar}-  respirator^'- 
muscles.  On  the  evening  of  the  second  day  the  temperature  had  reached 
40.2°  C.  (104.4°  F.),  with  considerable  dyspnea,  respiration  60,  pulse 
160.  Fine  rales  were  heard  in  the  lower  dependent  parts  of  the  lungs,  and 
posteriorly  on  the  right,  near  the  fossa  infraspinata,  dulness  could  be  ob- 
served. The  child  died  on  the  follo'^'ing  morning  '\^■ith  symptoms  of  most 
marked  dyspnea.  Autopsy  showed  the  lungs  poorly  retracted,  emphyse- 
matous at  the  upper  edges,  of  a  red  browm  color,  very  plethoric,  and  in  the 
right  middle  and  lower  lobe,  as  well  as  in  the  left  base,  of  considerable  con- 
solidation. A  frothy  blood-colored  fluid  oozed  from  the  cut  surface.  The 
mucous  membranes  of  the  trachea  and  bronchi  were  very  congested  and 
swollen,  and  covered  with  a  tough  glairy  mucus  far  into  the  finest  twigs. 
The  mucous  membrane  of  the  mouth  and  the  pharynx  was  likeT\*ise  much 
congested  and  swollen  and  showed  numerous  epitheUal  defects.  The 
pleura  pulmonaUs  was  much  injected  and  covered  \^ith  small  ecchymoses. 
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In  this  case  only  rales  over  the  trachea  and  large  bronchi  were 
observed  on  the  first  day  of  life.  Not  until  the  evening  of  the  second 
day  were  fine  rales  heard  over  the  dependent  parts  of  the  lung,s  and 
dulness  elicited  over  the  right  fossa  infraspinata.  Consequently,  on  the 
first  day  the  symptoms  of  fluid  in  the  bronchi  were  present,  and  not 
until  the  second  day  did  the  symptoms  show  the  inflammation  caused 
by  this  fluid. 

The  following  case,  observed  by  myself,  will  best  characterize  the 
course  of  aspiration  pneumonia  in  adults. 

On  March  4,  1881,  Charles  S.,  tool-smith,  and  his  wife  were  found  in 
their  residence,  apparently  lifeless.  The  man  was  unconscious,  stertor- 
ous; the  woman  lifeless,  in  postmortem  rigidity;  a  blackish  fluid  had 
oozed  from  the  mouth  of  both.  A  vessel  containing  partly  burned  coal 
was  found  in  the  room.  A  note  they  had  left  stated  that  the  couple  had 
decided  to  commit  suicide. 

After  an  attempt  had  been  made  to  revive  the  man  and  some  milk 
infused  into  his  mouth,  he  was  taken  to  the  hospital  at  noon.  He  gave 
the  impression  of  utter  debility  and  was  unable  to  move.  A  brownish- 
black  mass  had  dried  on  his  cheek  and  underlip  which  must  have  come 
from  his  mouth.  The  pupils  were  narrow  and  rigid.  His  face  was  pale, 
slightly  cyanotic,  and  assumed  a  bright  red  color  after  a  cold  douche  in 
a  tepid  bath.  When  ciuestioned,  the  patient  was  now  able  to  tell  his  name 
in  a  very  low,  hardly  audible  voice.  He  was  able  to  swallow  if  a  fluid 
was  carefully  put  into  his  mouth.  His  urine  contained  no  albumin. 
Temperature  in  the  evening,  37.9°  C.  (100.2°  F.). 

March  5th :  Light  now  caused  a  reaction  of  the  pupils,  which  were  a 
little  wider.  Patient  could  not  move  his  lower  extremities.  Their  sensi- 
bility was  reduced.  He  was  almost  motionless.  Respiration  shallow  and 
frequent;  he  talked  indistinctly ;  took  a  little  of  the  fluid  offered.  Pulse 
90,  regular,  a  little  stronger  than  the  day  before.  Dulness  right  base  pos- 
terior; slow  bronchial  respiration  and  rales.  Moderate  cough,  no  ex- 
pectoration. Temperature  38.4°  C.  (100.1°  F.)  in  the  morning,  38.7° 
C.  (101.7°  F.)  in  the  evening. 

March  6th :  An  extended  necrotic  discoloration  appeared  over  the  sac- 
rum. Paralysis  of  the  legs  continued.  Speech  plainer  and  stronger. 
He  did  not  believe  his  wife  was  dead,  and  denied  any  attempt  at  suicide. 
Temperature  40°  C.  (104°  F.)  in  the  morning,  39.2°  C.  (102.6°  F.)  in  the 
evening. 

March  7th :  Dulness  in  right  base  posterior  advanced  up  to  the  spine 
of  the  scapula.  Over  this  section  moderately  loud  bronchial  respiration 
was  heard,  and  also  ringing  rales.  No  expectorations.  Stool  after  castor 
oil.  Temperature  in  the  morning  38°  C.  (100.4°  F.),  in  the  evening  38.7° 
C.  (101.7°  F.). 

March  8th:  Great  weakness.  Pulse  worse.  Foetor  ex  ore.  Incon- 
tinence of  feces  and  urine.  Temperature  a.  m.,  38.8°  C.  (101.8°  F.); 
p.  M.,39°C.  (102.2°F.). 

March  9th:  The  fetor  of  the  exhaled  air  could  be  noticed  at  a  dis- 
tance from  the  patient.  No  expectoration.  Cyanosis  and  somnolence 
set  in.     Urine  contained  some  albumin  for  the  first  time. 

Temperature  a.  m.,  38.4°  C.  (101.1°  F.);  p.  m.,  39.1°  C.  (102.4°  F.). 

Tracheal  rales  set  in  during  the  following  night  and  death  occurred  on 
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the  mornino;  of  March  lOth  in  coma.  Autopsy  on  March  Hth,  twenty- 
six  hours  after  death.  R()l)ust  body  in  postmortem  rigidity  without 
edema.  Diffuse  livid  discoloration  existed  in  the  ilependent  parts,  several 
lentil-sized  suggillations  were  found  between  the  scai)ula' ;  over  the  sacrum 
were  necrotic  areas  the  size  of  the  hand.  The  skin  over  the  heels  showed 
bullie  formation;  the  anterior  surface  of  both  thighs  had  an  appearance 
like  goose-flesh;  the  skin  over  the  abdomen  showed  green  discoloration. 
The  subcutaneous  fat  was  well  preserved,  the  nmscular  structure  strong, 
dry,  light  red. 

The  pericardium  was  not  covered  by  the  lungs.  It  contained  60  c.c. 
of  clear  serous  fluid.  The  heart  was  of  normal  size.  The  right  auricle 
and  the  right  ventricle  contained  chicken-fat  clots  and  reddish-blue 
masses  of  cruor. 

The  myocardium  was  dull,  pale,  and  flabby.  The  intima  of  the  aorta 
and  valves  showed  ecchymoses;  the  latter  otherwise  intact.  The  lungs 
collapsed  but  little.  The  left  pleural  cavity  contained  some  blood-colored 
fluid.  The  left  lung  was  voluminous,  very  hyperemic  and  edematous,  but 
otherwise  did  not  show  any  focal  disease.  The  right  lung  was  also  volumi- 
nous; the  upper  lobes  contained  air  throughout,  but  were  edematous.  In 
the  anterior  section  of  the  middle  lobe  was  an  area  the  size  of  a  hen's  egg 
close  under  the  pleura  which  was  discolored  whitish-gray.  This  area  was 
of  blackish-green  color  and  in  a  smeary  condition,  very  fetid.  A  similar 
area  as  large  as  a  man's  fist  was  in  the  posterior  section  of  the  middle  lobe. 
The  latter  was  markedly  decayed,  tore  when  separated  from  the  pleura 
over  it,  was  slightly  agglutinated  to  the  pleura  costalis  by  fibrinous 
masses,  and  gave  rise  to  a  cadaverous  smell.  The  other  parts  of  the 
middle  lobe  were  entirely  airless,  moist  on  the  cut  surface,  granular, 
and  of  a  gray  appearance.  The  lower  lobe  was  also  airless,  the  cut  sur- 
face smooth,  of  a  gray-greenish  color.  At  its  base  were  several  necrotic 
areas,  some  of  them  as  large  as  a  cherry-stone. 

The  mucous  membrane  of  the  bronchi  and  trachea  w^as  intensely 
congested  throughout.  The  posterior  half  of  the  left  vocal  cord  showed 
a  smeary  looking  ulceration  which  extended  to  the  processus  vocalis.  The 
perichondrium  of  the  latter  was  lacking.  An  ulceration  of  scarcely  lentil 
size  was  found  on  the  corresponding  part  of  the  right  vocal  cord,  expos- 
ing the  bare  cartilage. 

The  spleen  was  15  cm.  long,  9  cm.  broad,  and  3  cm.  thick;  the  capsule 
could  be  easily  stripped  off ;  the  substance  pale  and  coarse  on  the  cut  sur- 
face. The  right  kidney  was  12  cm.  long,  4.5  cm.  broad,  2.5  cm.  thick, 
and  of  the  same  appearance.  The  pelvis  was  distended  to  the  size  of  a 
hen's  egg  and  filled  with  transparent  urine.  The  ureters  did  not  show 
any  changes.  The  bladder  contained  transparent  urine.  The  middle 
lobe  of  the  prostate  was  slightly  enlarged.  The  stomach,  much  dilated 
by  gas,  had  a  slightly  mammillated  mucous  membrane  of  pale  appear- 
ance. The  intestine  did  not  show  any  abnormality.  The  liver  moder- 
atety  large,  of  coarse  consistency,  the  acini  blurred.  The  gall-bladder 
contained  but  little  transparent,  tenacious  bile. 

The  entire  clinical  course  in  this  case,  as  well  as  in  those  belonging 
to  the  same  category,  depends  essentially  upon  the  inflammatory  dis- 
ease of  the  pulmonary  tissue,  the  location  of  w^hich  is  dependent  upon 
the  aspirated  fluid.     This  is  mechanically  bound  to  reach  the  lowest 
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parts,  and  therefore  one  or  both  lower  lobes  are  affected  in  every  in- 
stance. However,  from  the  position  of  the  frequently  unconscious 
patient,  the  upper  lobe  may  also  be  affected.  In  the  case  just  de- 
scribed the  middle  lobe  was  chiefly  involved.  It  is  true  that  in  a 
longer  duration  of  the  disease  the  inflammation  may  advance  upward, 
and  consequently  spread  without  reference  to  the  course  of  the  in- 
spired fluid. 

Without  exception,  a  more  or  less  pronounced  dulness  over  one 
or  both  bases  is  one  of  the  objective  symptoms.  Auscultation  shows 
bronchial  respiration,  which,  however,  is  rarely  as  loud  as  in  croupous 
pneumonia,  because  the  dulness  is  not  as  uniform  as  in  the  latter;  a 
complete  diffuse  filling  of  the  alveoli  with  exudation  does  not  take 
place.  Besides,  rales  are  always  heard  over  the  diseased  parts,  be- 
cause the  affected  finer  bronchi  are  in  a  state  of  catarrh ;  they  secrete 
mucus,  which  causes  the  auscultatory  sound.  The  rales  are  medium- 
sized,  if  not  coarse.  [In  ether  pneumonia  Anders  shows  that  pain  is 
the  most  common  symptom,  fever  is  usual,  dyspnea  is  not  urgent,  and 
cough  is  slight  or  absent,  while  the  pulse  is  rapid,  small,  and  compressi- 
ble.    The  physical  signs  are  the  most  common  phenomena. — Ed.] 

The  cough  is  insignificant,  owing  to  the  short  duration  of  the  dis- 
ease. But  if  necrotic  or  gangrenous  disintegrations  of  the  pulmonary 
tissue  take  place,  it  may  become  very  severe  and  the  previously  scanty 
expectoration  may  considerably  increase.  According  to  the  effect  of 
the  different  bacteria,  the  sputum  will  assume  a  putrid  or  fetid  smell, 
which  will  be  disseminated  by  the  exhaled  air.  [In  Drummond's  cases 
(nine)  the  fever  was  irregular  in  course. — Ed.] 

A  severe  affection  of  the  pleura  will  but  rarely  occur,  principally 
because  the  course  of  the  disease  is  a  very  rapid  one.  [Not  corrobo- 
rated by  Steele's  statistics. — Ed.]  If  the  duration  is  protracted  an 
emphysema  may  follow.  The  temperature  does  not  show  any  char- 
acteristic changes.  In  grave  cases,  which  rapidly  terminate  fatally, 
fever  may  not  be  present  at  all.  I  have  observed  cases  of  carbolic- 
acid  poisoning  in  which  it  was  entirely  absent.  If  it  does  set  in,  its 
course  is  absolutely  irregular. 

The  following  comphcations  occur :  Fresh  warty  vegetations  on 
the  heart,  which  Nauwerck  observed  in  one  of  his  cases  of  aspiration 
pneumonia  after  ether  narcosis ;  icterus,  mentioned  by  Silbermann  ; 
albuminuria,  observed  by  myself. 

The  blood  of  children  affected  by  septic  pneumonia  showed,  ac- 
cording to  Silbermann,  marked  abundance  of  the  white,  and  extreme 
■disintegration  and  dissolution  of  the  red  blood-corpuscles.  Deep 
ulcerations  in  the  larynx,  which  led  to  perichondritis  of  the  arytenoid 
■cartilage,  were  demonstrated  in  the  above-described  case. 


DIAGNOSIS. 

In  the  first  place,  the  differentiation  between  aspiration  and  catar- 
rhal pneumonia,  both  in  an  anatomic  as  well  as  in  a  clinical  sense,  has 


ASPIRATION  PNEUMONIA.  627 

to  be  taken  into  consideration.  It  is  true  that  at  the  onset  the  ob- 
jective signs  of  the  two  affections  do  not  differ  materially;  in  either 
case  it  is  only  necessary  that  signs  of  numerous  areas  of  consolidation 
in  the  lower  lobes  be  present,  consequently  a  decrease  of  the  percus- 
sion sound  with  or  without  tympanitic  accessor}-  sounds ;  later  on 
more  or  less  extended  dulness  and,  on  auscultation,  rales  and  some- 
times bronchial  respiration  are  noted.  During  the  further  course  of 
the  cUsease  aspiration  pneumonia  is  complicated  by  abscesses  or  gan- 
grene, while  these  occurrences  as  consequences  of  catarrhal  pneumo- 
nia as  yet  lack  confirmation.  In  several  statements  regarding  the 
appearance  of  abscesses  in  the  train  of  catarrhal  pneumonia,  I  think 
a  confusion  of  the  latter  with  asj)iration  pneumonia  projjably  occurred. 
It  is  scarcely  to  be  assumed  that  pui'ulent  bronchitis,  w^hich  may 
complicate  catarrhal  pneumonia  and  cause  numerous  purulent  areas 
to  appear  on  the  cut  surface  of  the  lungs,  may  be  taken  for  an  abscess. 

The  differentiation  of  the  two  forms  of  inflammation  wall  be  the 
less  difficult  the  more  carefully  the  causal  factors  are  taken  into  consid- 
eration. Catarrhal  pneumonia  is  far  more  frequently  a  disease  of 
childhood,  only  that  occurring  in  the  train  of  influenza  (page  560) 
being  an  exception  to  this  rule ;  while  aspiration  pneumonia,  in  keeping 
with  the  conditions  of  its  origin,  is  a  disease  that  appears  mostly  in 
mature  age.  It  is  true  that  it  will  have  to  be  investigated  whether 
the  pulmonary  diseases  occurring  in  children  in  connection  with  diph- 
theria are  to  be  regarded  as  aspiration  pneumonia,  principally  and 
exclusively,  as  is  done  by  Henoch. 

Accordingly  it  has  to  be  taken  into  consideration  whether  one  of 
the  above-mentioned  causal  conditions — a  fall  into  the  w-ater,  uncon- 
sciousness wdth  tracheal  rales — has  preceded.  Although  in  most 
cases  the  importance  of  such  a  striking  occurrence  prevents  us  from 
mistaking  it  for  the  origin  of  the  disease,  yet  there  are  instances,  like 
the  one  described  on  page  623  in  which  the  etiologic  connection  is 
likely  to  be  overlooked.  Possibly  the  sphere  of  aspiration  pneu- 
monia may  be  enlarged  in  the  future,  and  then  many  other  diseases 
may  be  included  in  the  same  category.  It  is  not  improbable  that 
children  who  have  become  w^eakened  as  a  consequence  of  gastro- 
intCvStinal  catarrh  may  occasionalh' ,  when  vomiting,  aspirate  a  part  of 
the  food,  and  thus  give  rise  to  a  cause  for  an  inflammatory  change. 

If  there  is  disease  of  one  lung  accompanied  by  tissue  destruction, 
a  regular  examination  of  the  sound  lung  wdll  be  necessary  to  deter- 
mine the  appearance  of  pathologic  changes  which  cannot  very  well  be 
taken  for  anything  but  a  consequence  of  aspirated  material.  The 
condition  is  similar  in  perforating  abscesses  or  neoplasms  from 
organs  in  the  neighborhood  of  the  lung. 

In  cases  in  which  the  process  originates  from  the  aspiration  of 
inflammatory  material  from  tuberculous  areas,  according  to  Baumler. 
an  important  diagnostic  point  is  the  sudden  appearance  of  hemop- 
tysis, which  is  almost  immediately,  or  within  a  few  days,  followed 
by  rapidly  increasing  fever  and  diffuse  physical  signs  in  the  finest 
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bronchi,  with  rapidly  progressing  dyspnea  and  cyanosis.  This  variety 
is  distinguished  from  miliary  tuberculosis  by  a  more  rapid  course, 
higher  fever,  more  quickly  arising  dyspnea,  and  the  pronounced  and 
rapidly  increasing  physical  signs  in  the  chest.  They  consist  in 
numerous  rhonchi,  the  early  appearance  of  fine  and  crepitant  rales,  as 
well  as  early  changes  of  the  percussion  sound,  although  the  latter  may 
take  place  only  in  small  areas. 


PROGNOSIS  AND  COURSE. 

The  chances  for  recovery  depend  principally  upon  the  causes  of  the 
disease.  Whenever  aspiration  pneumonia  sets  in,  in  connection  with 
already  existing  affections,  the  aspirated  material  is  usually  infec- 
tious, whether  it  be  a  question  of  diphtheria,  perforating  abscess, 
new-formation,  or  gangrene  of  one  lung.  This  is  aggravated  by  the 
fact  that  the  supply  of  infectious  material  is  slowly  exhausted. 

The  prognosis  is  most  favorable  in  persons  who,  after  a  fall  in  the 
water,  aspirate  nothing  but  water  instead  of  air.  The  water  in  most 
instances  does  not  contain  any,  or  only  very  few,  infectious  germs.  In 
spite  of  fluids  being  demonstrated  in  the  bronchi  by  an  objective  ex- 
amination, inflammatory  changes  need  not  necessarily  develop,  and, 
even  if  they  do  occur,  they  may  soon  disappear  again.  The  result  is. 
more  doubtful  if  the  fluids  contain  pathogenic  germs,  as  in  the  cases 
described,  in  which  newborn  infants  intrapartum  aspirated  the  fluids 
from  the  mothers  who  were  attacked  by  puerperal  fever,  or  in  the  case 
of  a  fall  into  a  sewer,  which  I  shall  report  later  on. 

The  chances  for  recovery  are  uncertain  in  cases  in  which  saliva 
mixed  with  tracheal  mucus  entered  the  bronchi  and  the  alveoli,  the 
patient  being  in  a  state  of  unconsciousness.  The  duration  of  un- 
consciousness, and  hence  the  quantity  of  the  inspired  material,  are 
of  essential  importance  in  this  case.  As  a  rule,  the  course  is  a  very 
rapid  one,  whether  it  end  in  recovery  or  death.  A  case  like  the  fol- 
lowing is  probably  exceptional : 

A  laborer,  Albert  H.,  thirty-seven  years  old,  previously  healthy,  as  was 
ascertained  later  on,  on  the  evening  of  June  4, 1896,  when  loading  manure 
fell  into  the  pit,  which  was  filled  with  putrid  matter.  He  was  taken  to 
the  hospital  soon  after,  completely  unconscious,  with  small  pulse  and 
stertorous  breathing.  The  whole  body  was  covered  with  filth.  Eyes  and 
lips  had  to  be  cleaned.  The  patient  did  not  respond  when  spoken  to. 
After  an  injection  of  8  gm.  (fsij)  of  camphor  solution  (6  camphor  to 
24  ol.  olivarum)  and  a  tepid  bath  with  cold  douches,  the  pulse  became 
more  quiet,  the  respiration  slower.  At  the  same  time  the  patient  was 
completely  confused,  tossed  abovit,  even  tried  to  leave  the  bed.  Half 
an  hour  later  he  showed  maniacal  unrest  and  his  pulse  became  smaller 
again.  Another  injection  was  made  of  4  dcg.  (tt^vj)  camphor, — i.  e.,  the 
contents  of  a  syringe  which  holds  2  gm.  (f^ss)  of  the  above-mentioned 
camphor  solution, — and  of  1 2  eg.  (2  grains)  morphin  besides.  After  half 
an  hour  he  went  to  sleep,  and  slept  until  morning.     On  waking  he  stared 
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about,  showed  his  tongue  when  asked  to  do  so,  but  opposed  an  examina- 
tion so  forcibly  that  for  the  time  it  could  not  be  made.  Vomiting  of 
undigested  contents  of  the  stomach  followed. 

The  examination  of  the  hiiigs,  made  on  June  Gth,  showed  only  slightly 
tympanitic  jjorcussion  sounds  at  the  left  base  posteriorly,  but  the  respi- 
ration was  purely  vesicular.  In  addition,  severe  conjunctivitis  and  vio- 
lent catarrh  were  to  be  noticed.  No  fever.  Urine  free  of  albumin. 
Patient  was  perfectly  conscious,  but  could  not  give  any  information  in 
reference  to  his  accident. 

Next  day,  in  spite  of  dissuasion,  he  demanded  to  be  discharged  from 
the  Altstadt  Hospital.  Three  months  later  the  Neustadt  Hospital  trans- 
ferred him  back  to  the  Altstadt  again.  Two  days  after  his  discharge  from 
here  he  had  to  ask  for  admission  in  the  other  hospital,  because  violent 
cough  and  fever  had  set  in. 

On  September  14,  1896,  he  was  very  low.  His  debility  was  so  great 
that  he  was  not  able  to  stand  or  to  walk;  his  complexion  was  very  pale. 
The  liver  reached  almost  to  the  umbilicus,  the  hepatic  region  was  ver}' 
sensitive  to  pressure.  Dulness  and  ringing  rales  in  the  right  supra- 
clavicular and  infraclavicular  region;  from  here  on,  absolute  dulness. 
Auscultation  showed,  right  anteriorly,  cavernous  respiration  and  rales  all 
over  the  chest.  Right  posterior  dulness  from  apex  to  base;  slow,  almost 
abolished,  respiration.  Pectoral  fremitus  was  not  weaker  on  the  right 
than  on  the  left.  Puncture  with  Pravaz  syringe  proved  pus  in  the 
thoracic  cavity  which  was  discharged  by  resection  of  the  ribs  under 
chloroform  narcosis.  The  pus  amounted  to  more  than  500  c.c.  and 
emitted  an  intensely  gangrenous  odor.  After  the  pus,  free  of  any  blood, 
had  all  been  evacuated  and  the  patient  awoke  from  his  narcosis,  a  violent 
hemorrhage  from  the  pulmonary  tissue  set  in.  The  blood  soon  oozed 
through  the  full  width  of  the  cut.  The  pleural  cavity  was  at  once  packed 
with  a  long  strip  of  iodoform  gauze  which  had  filled  at  least  500  c.c.  of  a 
test  tube.  The  hemorrhages  ceased,  no  blood  was  discharged  through  the 
bronchi.  In  the  evening  pulse,  temperature,  and  general  condition 
were  quite  satisfactorv^ 

On  September  16,  1896,  a  collapse  occurred  with  cold  perspiration 
which  soon  passed  away  after  subcutaneous  injection  of  camphor  oil  and 
the  administration  of  stimulants. 

On  September  17,  1896,  the  packing  was  carefully  removed  from  the 
thoracic  cavity ;  no  hemorrhage ;  no  fever. 

September  26,  1986:  Dulness  in  right  supraclavicular  and  infraclavic- 
ular region,  bronchial  respiration,  and  rales;  right  supraspinal  dulness. 
The  weight  of  the  patient  48  kilograms. 

October  25,  1896:  In  spite  of  continuous  cough  the  general  state  of 
health  had  improved.  No  more  discharge  from  the  place  of  resection. 
With  violent  cough  some  little  blood  was  expectorated.  Sputum  did 
.not  contain  any  tubercle  bacilli.     Weight  increased  to  57.5  kilograms. 

November  7,  1896:  The  incision  had  entirely  closed.  In  the  right 
anterior  region  up  to  the  third  rib,  hollow  percussion  sound,  bronchial  res- 
piration, and  ringing  rales.  In  the  right  supraspinous  region,  dulness, 
bronchial  respiration,  and  rales;  from  here  on,  loud  percussion  sounds 
and  vesicular  respiration.  The  left  lung  during  the  entire  courseshowed 
normal  conditions.  Elastic  fibers  were  found  in  the  sputum,  but  no 
tubercle  bacilli.     Weight  60  kilograms. 
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March  10,  1897:  The  subjective  state  of  health  of  the  patient  and  the 
objective  conditions  had  steadily  improved.  He  looked  well  and  his 
weight  had  increased  to  68  kilograms.  Cough  and  expectoration  still 
existed,  but  were  only  moderate.  Tubercle  bacilli  were  not  found  upon 
repeated  examinations.  In  the  right  anterior  region,  up  to  the  third  rib, 
the  percussion  sound  is  still  hollow  and  high,  but  the  inspiratory  murmur 
is  vesicular ;  the  expiratory  murmur  prolonged.  Dulness  over  the  right 
fossa  supraspinata ;  inspiration  coarse,  expiration  prolonged.  In  con- 
sideration of  his  private  affairs  the  patient  desires  to  be  discharged 
from  the  hospital. 

The  above  communication  justifies  the  conclusion  that  aspiration 
of  fetid  material  took  place  when  the  patient  fell  into  the  pit.  The 
entire  condition  of  the  man  when  first  brought  to  the  hospital — the 
filth  on  eyes  and  lips,  the  stertorous  breathing — does  not  admit  of 
any  doubt  of  such  an  occurrence.  The  phenomena  of  disease  which 
then  appeared  in  the  heretofore  healthy  man,  and  which  were 
principally  dependent  upon  the  gangrenous  disintegration  of  the 
pulmonary  tissue  and  the  ensuing  empyema,  can  only  be  traced  to 
lobular  areas  produced  by  aspirated  material;  while  a  tuberculosis, 
the  only  other  process  to  be  taken  into  consideration,  can  with  cer- 
tainty be  excluded  on  account  of  the  left  lung  remaining  exempt ;  the 
non-appearance  of  tubercle  bacilli ;  and  the  extraordinary  increase  in 
weight  from  48  to  68  kilograms. 


PROPHYLAXIS  AND  TREATMENT. 

The  prevention  of  aspiration  pneumonia  can  only  be  brought  about 
in  cases  in  which  fluids  or  the  contents  of  the  mouth  have  entered  the 
lungs.  In  every  instance  unconsciousness  is  present,  and  the  first  duty 
is  to  shorten  this  condition  as  much  as  possible.  In  individuals  who 
are  taken  from  the  water  and  are  unconscious,  artificial  respiratory 
movements  must  be  undertaken  forthwith,  and  all  other  means  may 
be  tried  for  resuscitation,  and  for  removal  of  the  fluid  from  the 
bronchi.  In  the  case  of  unconsciousness  as  a  consequence  of  carbonic 
oxid  poisoning,  fresh  air,  a  tepid  bath  with  cold  douches,  and  sub- 
cutaneous injections  of  camphor  solution  will  prove  advantageous. 
In  carbolic-acid  poisoning  in  consequence  of  having  swallowed 
carbolic  acid,  the  stomach  must  be  washed  out  until  the  contents 
cease  to  smell  of  carbolic  acid.  Complete  recovery  was  secured  in  a 
man  who,  after  inadvertently  drinking  carbolic  acid,  was,  luckily, 
brought  to  the  hospital  within  half  an  hour  after  the  event,  and  in 
whom  lavage  was  used.  In  this  case  also  a  concentrated  solution  of 
sodium  sulphate  (10  gm. — fSijss — of  a  1%  solution)  was  given  sub- 
cutaneously.  The  latter  was  likewise  applied  in  another  case  in 
which  a  nurse  by  mistake  injected  a  liter  of  a  2^%  solution  of  car- 
bolic acid  into  the  intestine.  The  latter  case  was  explicitly  described 
by  Friedberg. 
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In  troatin«z;  a  manifest  aspiration  pneumonia  the  ])ossibility  of  an 
injurious  effect  of  aspirated  ])ath()^enie  ^erms  is  to  be  avoided  in  the 
first  place.  The  most  rational  way  is  the  inhalation  of  carbolic  acid  in 
a  4%  solution.  In  the  usual  application  with  steam  atomizers  this 
solution  is  still  more  reduced.  Later,  to  control  the  cough  which  is 
always  present  if  the  disease  last  some  time  narcotics  should  be 
used  and,  if  necessary,  expectorants.  Other  sequels,  as  gangrene 
and  empyema,  are  to  be  treated  according  to  their  nature. 


DESQUAMATIVE  PNEUMONIA. 

By  the  name  of  "genuine  desquamative  pneumonia"  Buhl  has 
designated  a  special  form  of  pulmonary  disease  which  he  was  the  first 
explicitly  to  describe.  His  communication,  however,  has  not  been 
fully  appreciated  until  now^  Why  this  should  be  so,  I  can  only  partly 
account  for,  as  there  is  no  more  appropriate  designation  for  this 
variety  of  pneumonia,  which  must  not  at  all  be  taken  to  be  a  rare 
pathologic-anatomic  curiosity,  but,  on  account  of  its  frequency,  de- 
serves special  clinical  treatment  and  exhaustive  description. 

For  the  correctness  of  this  view^  an  example  may  be  mentioned. 
A  young  man  about  twenty  years  of  age,  and  apparently  in  the  best  of 
health,  w^as  suddenly  attacked  by  hemoptysis.  In  percussion  of  the 
pulmonary  apices,  which,  with  some  caution,  ma}^  be  done  without 
detriment,  no  dulness  was  found  anywhere.  Only  on  auscultation 
catarrh  of  one  apex  could  be  made  out,  and  by  this  means  the  seat  of 
the  affection  located.  If  the  chest  is  examined  tw-o  weeks  after 
the  occurrence  of  hemoptysis,  complete  dulness  over  the  upper 
lobe  may  be  found,  appearing  wdthout  any  particular  symptoms. 
Neither  cough,  pains,  nor  fever  need  give  a  hint  that  the  hemoptysis 
has  been  followed  by  the  development  of  an  extensive  dulness  of  the 
upper  lobe.  After  having  lasted  for  weeks  this  dulness  may  disappear 
and  the  affected  upper  lobe  become  normal  again. 

There  is  no  doubt  about  the  actual  appearance  of  such  a  pathologic 
change  after  hemoptysis.  Every  phj'-sician  must  have  made  similar 
observations.  It  seems,  however,  as  though  generally  but  little 
attention  is  paid  to  the  pathogenesis  of  this  condition.  Possibly  this 
is  due  to  the  fact  that  the  onset  and  the  disappearance  of  the  change 
cannot  be  demonstrated  until  quite  a  time  has  elapsed,  consequently 
such  observations  can  better  be  made  by  a  practitioner  in  his  private 
practice  than  by  the  physician  in  a  hospital;  and  the  former  has  not 
the  time  nor  the  leisure  to  report  his  observations  for  the  general 
benefit  of  the  profession. 

Without  any  doubt  in  such  cases  it  is  a  question  of  a  peculiar  pneu- 
monic consolidation  in  which  resolution  may  occur.     This  pecuHarity, 
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however,  is  best  characterized  by  the  designation  "desquamative 
pneumonia"  chosen  by  Buhl,  as  will  be  demonstrated  in  the  fol- 
lowing description. 

The  above  remark,  that  the  failure  to  admit  the  actual  occur- 
rence of  this  form  of  disease  as  defined  by  Buhl  is  only  partially  ex- 
plicable, is  based  on  my  opinion  that  Buhl  ascribed  too  great  an  im- 
portance to  this  affection.  He  intended  "to  enforce  a  new  view,  to 
bring  genuine  desquamative  pneumonia  into  prominence  as  a  separate 
disease,  even  if  appearing  in  several  stages,  and  accuse  it  of  being  the 
primary  stage  and  the  accompaniment  of  most  important  processes, 
dangerous  to  life, — pulmonary  phthisis  and  tuberculosis;  he  wanted 
to  connect  it  genetically  with  these  already  well-known  conditions," 
and  has  exhaustively  described  the  process  by  which  desquamative 
pneumonia  leads  to  chronic  fatty  degeneration,  to  cirrhosis  of  the 
lungs,  and  to  caseous  pneumonia.  Two  stages  should  be  distinguished 
here — an  acute,  and  a  subacute  and  chronic  stage.  In  the  former  the 
lungs  are  enlarged  in  volume  and  weight,  they  show  on  the  cut  surface 
the  striking  red  porphyry-appearance  in  which  on  a  red  ground  large 
and  small,  whitish-yellow,  isolated  and  agminated  granules  are  seen. 
These  whitish-yellow  deposits  are  either  isolated  granules  of  the  size 
of  the  smallest  gravel,  or  several  such  granules  unite  to  form  con- 
glomerations and  compact  masses  as  large  as  a  pea  and  larger,  of  irreg- 
ular, ill-defined  contours.  They  are  yellow,  dry,  decayed,  airless  and 
bloodless  tissue-parts  which  on  account  of  their  rigidity  do  not  sink 
into  the  cut  surface,  but  project.  According  to  size  they  correspond 
to  either  single  pulmonary  vesicles  or  more  frequently  to  entire 
pulmonary  lobules,  or  a  bundle  of  lobules  varying  in  size,  or  even  to 
the  greater  part  of  an  entire  lobe ;  but  they  are  rarely  sharply  defined 
and  gradually  merge  with  the  red  background.  Examined  micro- 
scopically, the  yellow  deposits  dissolve  into  shrunken  alveolar  epi- 
thelia  or  into  their  remnants  (disintegrated  nuclei  and  nucleoli)  and 
into  the  necrotic  stroma;  for  this  reason  fat-granules  are  found  in 
rows,  interspersed  in  the  connective  tissue  and  in  the  membranes  of 
the  vessels. 

In  the  subacute  and  chronic  stage  the  whitish-yellow  anemic 
eschar  areas  after  they  have  grown  to  the  size  of  a  pea  and  larger  re- 
main stationary,  while  the  red  ground,  the  desquamative,  inflamed 
part,  may  be  quickly  and  completely  brought  back  to  the  normal  con- 
dition, after  transitory  fatty  degeneration. 

According  to  Buhl,  this  is  the  first  possible  issue  which  is  the 
more  apt  to  appear  the  smaller  the  number  of  yellow  areas  and  the 
farther  they  are  apart.  The  lungs,  which  are  otherwise  perfectly 
healthy,  contain  in  this  case  multiple  areas  of  caseous  tissue  which 
plainly  surrounds  a  bronchiole. 

Another  termination  which  may  take  place  in  the  acute  stage  of 
caseous  pneumonia  leads  to  cavity  formation.  That  is  to  say,  if 
the  process  is  very  intense  and  the  eschar  formation  extends  in  "  un- 
interrupted foci  "  over  a  considerable  portion  of  the  lung,  while  the 
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individual  foci  are  rarely  siiiallcr  tluiii  a  hazelnut,  the  entire  necro- 
tic mass,  the  entire  focus,  may  resemble  a  ganp;renous  plug  by  demar- 
cated sup])uratic)n,  separate,  and  fall  off;  so  that  a  loss  of  substance 
in  the  pulmonary  parenchyma  as  large  as  the  necrotic  part  may 
result. 

In  giving  this  description  of  the  entire  genesis  of  the  disease,  which 
is  essentially  based  upon  pathologic  findings,  Buhl,  according  to  my 
opinion,  proceeded  without  the  aid  of  clinical  observation.  The  lat- 
ter proves  conclusively  that  desquamative  pneumonia  is  a  rare  oc- 
currence as  a  primary  disease  in  a  previously  healthy  respiratory 
organ,  whereas  it  appears  frequently  as  an  accompaniment  of  an 
already  existing  disease  of  the  pulmonary  apices,  and  is  then  the  cause 
of  fm-ther  focal  disintegration  of  the  pulmonary  tissue.  Buhl's  error 
may  be  traced  to  the  fact  that  he  took  the  desquamative  pneumonia 
which  occurs  in  connection  with  already  existing  foci  in  the  pulmo- 
nary- apices,  and  frequently  affects  the  entire  upper  lobe,  for  a  disease 
beginning  primarily  in  normal  lungs ;  and  regarded  the  already  exist- 
ing apical  affection,  which  often  runs  its  course  without  producing 
symptoms  and  maj^  be  restricted  to  a  small  area,  for  a  consequence 
of  desquamative  pneumonia,  while  the  reverse  is  the  correct  view. 

Because  not  only  in  connection  with  hemoptysis,  as  mentioned  in 
the  beginning,  but  also  in  connection  with  small  tuberculous  areas, 
an  extensive  desquamative  pneumonia  may  take  place,  the  course  of 
which  is  of  three  different  kinds:  (1)  A  restitutio  ad  integrum  may 
occur;  (2)  a  chronic  pneumonia  may  follow,  as  will  be  explained  later 
on,  when  describing  thife  form;  and  (3),  exactly  as  Buhl  states,  small 
caseous  areas  may  appear  in  the  affected  portions  which  undergo 
necrosis,  so  that  cavities  take  their  place. 

These  different  terminations  of  chronic  tuberculosis  of  the  lungs 
have  long  been  known.  We  designate  them  more  empirically  (1)  as 
complete  disappearance  of  extensive  consolidations  over  the  upper 
lobe  with,  more  or  less  absolute  recovery;  (2)  as  extensive  slaty 
induration  around  smaller  cavities  in  the  pulmonary  apices ;  (3)  as  a 
focal  disintegration  of  the  pulmonary  tissue  in  connection  with  or 
without  hemoptysis  and  following  an  already  existing  area  or  small 
ca^dties  in  the  pulmonary  apices  with  a  mostly  acute  feverish  course. 

If  we  do  not  want  to  forego  every  genetic  explanation  of  these 
occurrences  and  leave  their  entire  clinical  course  unenlightened,  we 
must  recur  to  desquamative  pneumonia. 

For  better  proof,  nay,  in  order  to  compel  the  acknowledgment 
of  the  importance  of  this  disease,  in  spite  of  the  example  given 
at  the  commencement  of  this  section,  I  may  ask:  Has  not  every 
carefully  observing  physician  already  had  the  opportunity  of  as- 
certaining in  connection  with  an  apparently  unforeseen  hemopt)^- 
sis,  and  also  without  it,  the  presence  of  a  consolidation  of  an 
upper  lobe,  and  likewise  frequently  seen  it  completely  disappear  after 
strict  observance  of  appropriate  hygienic,  dietetic,  and  therapeutic 
measures?     How  else  can  this  consolidation  be  explained  but  by  a 
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pneumonic  consolidation,  which,  from  the  beginning,  leaves  the  pul- 
monary tissue  intact  and  only  affects  the  pulmonary  alveoli  or  their 
epithelial  lining,  and  which  may  fully  disappear  by  resolution,  so 
that  the  entire  affected  portion  of  the  lung  becomes  normal  again?  In 
the  autopsy  of  individuals  who  died  with  all  the  symptoms  of  phthisis, 
which  of  course  includes  the  finding  of  tubercle  bacilli,  who  has 
found,  in  addition  to  hazelnut-  to  walnut-sized  cavities,  a  firm  uniform 
fibrous  consolidation  of  the.  rest  of  the  upper  lobe,  and  who  will  claim 
this  to  be  anything  but  the  result  of  chronic  pneumonia?  Who  has 
not  seen  an  originally  uniform  consolidation  of  one  lobe,  generally 
the  right  upper  one,  from  which  later  on,  with  expectoration  of 
sputa  containing  tubercle  bacilli  and  disintegration  of  tissue  within 
the  affected  section  of  the  lung,  there  developed  the  characteristic 
percutory  and  auscultatory  signs? 

A  uniform  explanation  of  all  these  processes  is  only  possible  by  the 
conception  of  desquamative  pneumonia.  We  will  leave  it  undecided 
regarding  the  character  of  the  disease  whether  Buhl  is  right  in  saying 
that  ''the  disease,  like  genuine  Bright 's  disease,  myocarditis,  acute 
hepatic  atrophy,  is  not  a  mere  concomitant,  but  the  expression  of  a 
general  disease  localized  in  the  lungs."  Considering  the  cogent  fact 
that  pulmonary  phthisis  with  its  self-evident  criterion,  the  tubercle 
bacillus,  is  a  very  frequent  termination  of  desquamative  pneumonia, 
I  confine  myself  to  a  remark  regarding  the  share  of  the  tubercle  bacil- 
lus in  the  entire  process.  If  those  authors  were  right  who  declare  tu- 
berculosis of  the  lungs  to  be  a  strictly  infectious  disease,  in  which  the 
tubercle  bacillus  settles  in  the  normal  pulmonary  tissue,  then  the 
above  referred  to  heterogeneity  of  the  issue  of  desquamative  pneumo- 
nia— (1)  complete  recovery,  (2)  chronic  pneumonia,  (3)  tubercu- 
lous (bacillary)  disintegration — would  be  inexplicable. 

If,  however,  we  assume  that  the  tubercle  bacillus  can  settle  only 
in  diseased  lungs,  the  entire  process  becomes  comprehensible.  It  is 
to  be  regretted  that  those  authors  who  regard  pulmonary  tuberculosis 
as  a  strictly  infectious  disease  do  not  sufficiently  consider  the  path- 
ologic anatomy  of  pulmonary  tuberculosis.  I  need  not  go  into  details 
here  regarding  the  relations  of  Bacillus  tuberculosis  to  the  origin  of 
pulmonary  phthisis. 


PATHOLOGIC  ANATOMY. 

Buhl  describes  the  macroscopic  condition  of  the  lungs  in  desquama- 
tive pneumonia  in  the  following  appropriate  manner:  ''The  disease 
may  be  limited  to  one  lobe,  which  is  generally  the  upper  lobe.  Or  it 
attacks  one,  but  the  entire  lung;  this  is  more  frequent,  and  then  the 
upper  lobe  is  generally  affected  more  than  the  lower  lobe.  Or  it 
attacks  both  lungs  only  in  the  upper  or  in  all  lobes,  and  in  this  case  one 
lung  is  mostly  more  intensively  affected  than  the  other.  But  almost 
invariably  the  process  is  more   developed  in  the  upper  parts,  and 
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evidently  progresses  from  above  tlownward,  although  in  very 
acute  cases  all  jiai'ts  sc^eiii  to  be  attacked  at  once.  Very  rarely  the 
same  degree  and  the  same  duration  can  be  obser\'ed  in  the  different 
lobes.  In  cases  of  from  six  to  eight  weeks'  duration  the  volume  and 
weight  of  the  diseased  lung  or  lobe  are  materially  increased;  the  sur- 
face is  smooth  and  glistening;  the  pleura  is  swollen,  and  here  and 
there,  especiall}'  over  the  lower  lobe,  the  lung  is  covered  with  ecchy- 
moses.  The  parenchyma  does  not  collapse,  neither  in  taking  out 
the  lungs  nor  after  section ;  the  elasticity  of  the  parenchyma  appears 
to  be  suspended  or  impeded;  the  tissue  remains  rigid.  In  spite 
of  this  the  brittleness  seems  to  have  increased,  and  continues  to 
increase  with  the  duration  of  the  affection.  The  cut  surface  shows 
the  lobar  diffuse  extension  of  the  affection,  more  or  less  diminution, 
at  times  even  absence  of  air  and  feeble  granulation.  According  to 
the  duration  of  the  process,  the  laj-ers  of  granular  pigment  increase. 
The  color  of  the  tissue  becomes  slate-gray,  even  black,  in  conse- 
quence. In  many  cases  the  brittleness  becomes  so  pronounced  that 
an  actual  diffuse  softening  takes  place  which  may  involve  the  greater 
part  of  a  lobe." 

In  connection  with  this  description  of  Buhl,  I  have  to  emphasize 
the  fact  that  desquamative  pneimionia  may  not  only  originate  in  the 
upper  lobe,  but  can  also  first  appear  in  a  lower  lobe,  infect  the  upper 
lobe  of  the  same  side,  and  then  attack  the  other  limg.  I  myself  made 
such  an  observation,  and  I  believe  I  may  include  a  case  of  Heitler's  in 
tliis  category.     I  shall  refer  to  this  case  later  on. 

Rare  as  is  desquamative  pneumonia  in  the  lower  lobes,  it  is  equally 
rare  for  the  disease  to  develop  in  a  previously  health}'  lung,  or  one 
the  apex  of  which  merely  contains  old  fibroid  areas  of  small  extent, 
when  the  apex  of  the  other  lung  is  the  seat  of  tuberculous  infiltra- 
tions or  cavity  formation. 

Much  more  frequent,  however,  is  the  consecutive  form  of  desqua- 
mative pneumonia.  As  such  I  think  I  may  designate  the  affection 
which  appears  in  connection  with  already  present  tuberculous  infiltra- 
tions and  excavations  at  the  pulmonary  apices.  If  it  can  be  observed 
in  an  earlier  stage  on  the  dissecting  table,  the  absolutely  airless  upper 
lobe  shows  on  the  cut  siu-face  with  a  firm  consistency  a  uniformly 
gelatinous  or  gray  aspect  with  interspersed  yellowish-gray  areas. 
Here  and  there  single  soft  places  may  be  found,  from  the  size  of  a  bean 
to  that  of  a  hazelnut,  rarely  larger,  which  without  marked  demarcation 
gradually  disappear  in  the  surrounding  tissue.  Not  until  in  the  later 
stage,  when  the  areas  have  changed  into  cavities,  a  marked  border 
separates  them  from  the  surrounding  tissue,  which  may  have  become 
normal  again  or  may  have  undergone  fibroid  thickening. 

I  do  not  think  it  necessar}^  to  enter  upon  the  somewhat  aphoristic 
results,  which  are  reported  by  Buhl,  of  the  microscopic  examination, 
because  they  will  give  little  information.  A  case,  however,  wliich  is 
described  by  Heitler  deserves  special  mention.  In  a  man  who  died 
with  the  characteristic  symptoms  of  genuine  pneumonia,  whose  right 
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lower  and  middle  lobe  were  in  a  state  of  complete  hepatization,  the 
microscopic  examination  gave  the  following  results : 

The  contents  of  the  alveoli  were  principally  large  formed  elements  which 
had  to  be  taken  for  changed  alveolar  epithelia ;  they  appeared  free  in  the 
lumen  of  the  alveoli,  only  seldom  embedded  in  a  filamentous  or  crumbling 
mass,  and  either  isolated,  distributed  in  the  lumen  of  the  alveoli,  or 
united  in  groups  of  up  to  eight,  at  times  in  such  a  way  that  they  com- 
pletely filled  an  alveolus ;  the  form  was  partly  angular,  or  more  or  less 
rounded,  or  entirely  round,  the  contents  finely  granular  with  two  to  three 
large  nuclei;  others  showed  endogenous  forms.  Some  alveoli  still  con- 
tained remnants  of  red  blood-corpuscles ;  the  alveolar  walls  were  bare  and 
but  rarely  traversed  by  distended  vessels. 

Heitler  remarks  with  reference  to  the  above : 

The  most  surprising  condition  in  this  result  was  the  not  absolute  ab- 
sence, but  only  very  small  number,  of  pus  corpuscles  in  the  alveoli  and 
the  large  quantity  of  large  formed  elements — alveolar  epithelia  in  their 
different  stages  of  metamorphosis — in  them.  To  meet  every  doubt,  one 
has  to  ask  the  question  whether  in  this  case  an  early  stage  of  pneumonia 
may  not  have  been  present,  possibly  of  beginning  infiltration,  in  which  we 
also  find  large  changed  epithelia  in  the  alveoli.  Without  reference  to 
the  fact  that  the  lung  macroscopically  showed  the  typical  picture  of 
gray  infiltration,  the  other  signs  of  beginning  infiltration  were  wanting 
microscropically  also — namely,  the  enormously  distended  vessels  and  the 
hemorrhages;  clinically  we  had  the  symptoms  of  a  complete  infiltration. 
In  view  of  all  this,  nothing  remains  but  to  presume  an  inflammatory 
process  of  the  lungs  which  does  not  fit  the  pattern  of  common  croupous 
pneumonia,  although  clinically  it  could  not  be  distinguished  from  the 
same.  The  character  of  the  process  consists  principally  in  a  desquama- 
tion and  multiplication  of  the  alveolar  epithelia ;  we  could,  therefore,  speak 
of  a  strictly  desquamative  pneumonia,  had  this  name  not  been  used  to 
designate  another  process  in  the  lungs ;  in  regard  to  the  other  symptoms 
also  this  case  has  nothing  whatever  in  common  with  genuine  desquama- 
tive pneumonia  as  described  by  Buhl,  so  that  a  comparison  and  connec- 
tion of  the  two  processes  cannot  be  thought  of. 

If  I  do  not  quite  agree  with  this  opinion,  I  may  vindicate  my  con- 
tradiction by  saying  that,  according  to  my  idea,  the  author  did  not  feel 
inclined,  in  consideration  of  his  purely  casuistic  communication,  to 
enter  upon  a  criticism  of  several  untenable  points  in  Buhl's  views. 
After  my  modification  of  Buhl's  somewhat  extravagant  conception, 
of  the  importance  and  consequences  of  this  disease,  I  think  I  may 
include  the  case  of  Heitler,  because  in  all  cases  of  desquamative  pneu- 
monia which  I  had  a  chance  to  examine  at  so  early  a  stage  I  found 
almost  identical  changes. 

The  microscopic  appearance  of  the  pulmonary  parenchyma  in  the 
earliest  stages  of  the  disease  is  absolutely  surprising  by  the  uniformity 
of  the  change.  It  manifests  itself  by  a  complete  filling  of  the  alveoli 
with  swollen  epithelia.  There  cannot  be  a  moment's  doubt  that  it 
is  a  question  of  epithelia.     Large  cells  with  large  nuclei  are  lying  close 
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togothor.  TluM'o  is  no  s])a{'c  between  tlieni  and  the  alveolar  wall; 
their  {jrotoplasni  mostly  has  a  light  apj)earance.  One  or  two  small 
nuclear  bodies  are  seen  in  the  nuclei.  But  there  is  hardly  an  alveolus 
present  in  which  there  is  not  also  another  kind  of  cell  which  as  a  rule 
■greatly  exceeds  the  light  cells  in  size,  but  has  quite  a  dark  appearance, 
caused  by  a  complete  filling  of  tlie  cell  with  fat-globules  of  fairly 
uniform  size. 

Quite  a  number  of  the  cells  with  the  bright  protoplasm  contain 
two  or  more  nuclei.  There  are  some  cells  which  contain  as  many  as 
fi\T  large  clear  nuclei,  and  therefore  are  four  and  more  times  larger 
than  those  containing  one  or  tw^o  nuclei.  They  deserve  the  name 
''  giant  cells."  With  reference  to  the  explanation  on  page  397,  I  may 
ascribe  their  origin  to  the  coalescence  of  single  alveolar  epithelia. 

I  must  leave  it  undecided  whether  the  remarkable  circumstance 
that  only  a  small  number  of  larger  fattj^^  epithelia  appear,  and  it  never 
happens  that  all  the  epithelia  undergo  fatty  degeneration,  is  to  be 
accounted  for  by  the  fact  that  under  normal  conditions  plates  wdthout 
nuclei  exist,  and  that  those  cells  which  turn  into  such  plates  are  the 
first  to  undergo  fatty  degeneration  in  this  disease. 

Xevy  rarely  single  red  blood-corpuscles  are  found  free  in  the  lumen 
of  the  alveoli  at  this  time. 

All  the  capillary  vessels  of  the  alveoli  are  completely  filled  with 
blood-corpuscles.  But  it  seems  to  me  that  the  engorgement  is  not  so 
excessive,  that  the  capillaries  are  not  so  distended,  as  in  croupous 
pneumonia. 

In  the  further  course  a  total  desquamation  of  the  epithelia  sets  in, 
both  of  the  distended  cells,  those  with  one  or  more  nuclei,  and  of  the 
degenerated  ones. 

One  case  of  desquamative  pneumonia  of  the  right  upper  lobe  with 
previous  consolidation  of  the  left  pulmonary  apex  was  especially 
instructive  to  me.  The  case  was  that  of  a  man  seventy-two  years  old. 
The  left  pulmonary  apex  was  firmly  adherent  to  the  thoracic  wall. 
On  separating  the  same,  the  decayed  tissue  tore  into  a  ragged  mass, 
which  was  airless  and  slaty.  The  upper  lobe  of  the  right  lung 
"u^as  large,  heavy,  and  airless.  The  upper  third  of  its  cut  surface  had  a 
pink,  hyaline  appearance,  and  not  very  great  consistency.  The  other 
larger  part  of  the  upper  lobe  was  grayish-white,  firm,  and  showed 
single  blackish  points.  Toward  the  center  an  area  of  the  tissue  the 
size  of  a  plum  was  markedly  decayed. 

The  microscopic  examination  of  the  apex  showed  only  a  part  of  the 
alveoli  to  be  filled  with  distended  epithelia ;  a  very  large  number  were 
without  any  cellular  contents.  In  preparations  w^hich,  for  the 
purpose  of  staining,  were  repeatedly  w^ashed  with  water  and  then  with 
alcohol,  every  one  of  the  alveoli  w^as  wdthout  cells.  This  does  not  nec- 
essarily imply  that  such  had  been  the  case  during  life,  but  it  proves 
mainly,  in  comparison  with  specimens  from  other  kinds  of  pneumonia, 
that  the  epithelia  adhere  much  less  firmly  to  the  ^vall. 

These  parts  which  are  destitute  of  any  epithelial  elements  offered 
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an  exceedingly  favorable  opportunity  to  examine  the  conduct  of  the 
pulmonary  supporting  tissue.  It  proved  to  be  perfectly  intact ;  rarely 
a  more  favorable  opportunity  will  offer  to  demonstrate  the  normal 
conduct  of  the  elastic  tissue  of  the  lungs  and  its  relations  to  the  vessels 
and  capillaries  so  distinctly  as  just  in  this  stage  of  desquamative, 
pneumonia. 

The  examination  of  the  ensuing  stage  gives  a  better  confirmation 
of  the  total  desquamation  of  the  alveolar  epitheUa  taking  place  in 
the  course  of  the  disease.  This  stage  can  be  observed  more  fre- 
quently than  the  just-described  first  stage.  Only  in  the  case  just 
mentioned  I  found  both  in  one  upper  lobe.  The  far  larger  lower  part 
showed  a  condition  which  was  entirely  different  from  that  of  the  upper 
third.  The  alveoli  in  the  entire  lower  part  were  filled  with  an  ex- 
tremely regular  fibrinous  network  which  contained  nothing  but  small 
round  cells — leucocytes.  No  alveolar  epithelia  were  anywhere  to  be 
seen.  Here  and  there  single  fibrinous  threads  connected  the  contents 
of  neighboring  alveoli,  through  the  wall  of  which  they  extended,  ex- 
actly as  occurs  in  croupous  pneumonia.  In  numerous  alveoli  the  leu- 
cocytes were  comparatively  few,  not  all  the  fibrinous  meshes  were 
filled  by  them;  in  some  places  they  were  more  dense  and  covered  the 
fibrin  entirely.  The  latter  was  missing  throughout  in  those  parts 
which  were  nearest  to  the  softened  area ;  leucocytes  alone  formed  the 
contents  of  the  alveoli,  until  finally  in  the  softened  parts,  as  far  as  they 
could  be  examined,  the  contents  of  the  alveoli  became  entirely  con- 
fluent. Wherever  a  boundary  was  still  in  existence  between  the  single 
alveoH,  it  was  no  more  indicated  by  the  elastic  tissue,  but  by  the  fine 
interalveolar  vessels  copiously  filled  with  blood. 

In  another  case,  of  a  man  forty  years  of  age,  I  found  results  deviat- 
ing from  the  normal  course  as  here  described.  The  patient  was 
brought  to  the  hospital  moribund ;  he  had  dulness  over  the  right  upper 
lobe  and  hemorrhagic  sputa.  He  was  not  able  to  communicate  with 
any  one.  Death  occurred  three  hours  after  he  reached  the  hospital.  At 
the  autopsy  a  cavity  the  size  of  a  hen's  egg  was  found  in  the  left 
upper  lobe,  and  near  by  several  caseous  areas.  The  right  upper  lobe 
was  large,  heavy,  and  uniformly  firm.  Diffuse  congestions  appeared 
on  the  cut  surface  on  a  uniform  grayish-white  ground.  The 
microscopic  examination  showed  a  complete,  dense  filling  of  the 
alveoli  with  round  cells  between  which  only  occasionally  the  described 
fibrinous  net  was  visible.  Besides  white  blood-corpuscles,  numerous 
red  ones  were  found  in  many  places ;  blood  was  found  not  only  in  the 
alveoli,  but  also  in  their  interstices  and  in  the  adventitial  tissue  of 
the  smaller  bronchi. 

The  fact  that  the  alveoli  throughout  the  entire  diseased  lobe  were 
filled  with  white  blood-corpuscles,  while  the  hemorrhage  was  confined 
to  single  parts,  although  in  fairly  uniform  distribution,  and  the  fact 
that  in  these  places  also  most  of  the  material  contained  in  the  alveoli 
consisted  of  white  blood-corpuscles,  allow  the  inference  that  the 
hemorrhage  did  not  take  place  until  after  the  exudation  of  lymphoid 
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colls  into  the  alveoli.  In  those  hemorrhagic  parts  the  nuclei  of  the 
white  bloocl-corpiiscles  could  not  be  demonstrated  by  staining. 

By  reason  of  these  results  the  genesis  of  desquamative  pneumonia 
may  be  described  in  the  following  manner : 

The  disease  commences  with  a  swelling  of  the  alveolar  epithelium, 
with  synchronous  increase  of  the  nuclei,  and  frequent  coalescence  of 
the  cells  to  form  giant  cells.  A  part  of  the  epithelium  undergoes  fatty 
degeneration  with  considerable  increase  in  volume.  Then  follows  a 
desquamation  of  the  cells  of  the  walls  of  the  alveoli,  so  that  later  on — 
apparently  in  cases  with  unfavorable  termination — the  entire  epithe- 
lium is  lost.  Next  an  exudation  of  fibrin  and  white  blood-corpuscles 
takes  place.  This  process  shows  a  material  difference  from  the  course 
in  crou])ous  pneumonia,  in  which  the  exudation  of  white  blood-cor- 
puscles is  preceded  by  a  more  or  less  considerable  hemorrhage.  The 
fibrin  decreases  "\^'ith  the  increase  of  the  white  blood-corpuscles;  as 
in  suppuration,  softening  of  the  pulmonary  tissue  proper  follows, 
mostly  in  circumscribed  areas,  and  this  softening  is  followed  by 
the  appearance  of  cavities.  If  a  hemorrhage  complicates  it,  it  does 
not  set  in  until  the  complete  filling  of  the  alveoli  mth  white  blood- 
corpuscles  ;  it  is  but  a  result  of  a  disintegration  of  the  vessels  caused 
by'the  action  of  these  cells.  This  course  is  analogous  to  the  process 
in  a  hemorrhagic  inflammation  of  other  organs,  and  does  not  cor- 
respond with  that  of  croupous  pneumonia,  in  which  hemorrhages  set 
in  immediately  after  the  affection  of  the  alveolar  epithelia,  repre- 
senting a  kind  of  thrombus  ("see  page  402)  into  which  white  blood- 
corpuscles  do  not  enter  imtil  later  on. 


SYMPTOMS. 

Primary  desquamative  pneumonia  generally  sets  in  in  the  same 
manner  as  genuine  pneumonia — namely,  ^^ith  chills.  The  tempera- 
ture rises  to  a  considerable  height,  but  does  not  show  a  strictly  remit- 
tent type.  The  changes  which  can  be  demonstrated  by  auscultation 
and  percussion  also  show  all  the  signs  of  genuine  pneumonia.  The 
sputa,  according  to  Buhl's  observation,  are  also  similar  in  character. 
In  Heitler's  case  they  were  Hkewise  rusty,  but  otherwise  did  not  show 
an}i;hing  remarkable.  According  to  my  very  limited  experience  in  the 
clinical  sphere, — because  the  majority  of  cases  of  primary  desquama- 
tive pneumonia  I  only  recognized  as  such  on  the  dissecting  table, — the 
sputa  were  not  rusty,  except  in  the  above  case,  wliich  was  not  brought 
to  the  hospital  until  a  short  time  before  death.  In  a  case  originating 
in  the  right  lower  lobe  sputa  were  absolutely  wanting  in  the  first  three 
weeks. 

Buhl  names  a  special  characteristic  of  the  sputmn  which  is  said  to 
be  infallible  for  the  diagnosis  of  desquamative  pneumonia.  He  says: 
"Even  during  the  first  week,  when  the  fever,  the  crepitant  rales 
heard  all  o^-er  the  chest,  the  somew^hat  empty  and  sometimes  dis- 
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tinctly  metallic  percussion  note,  the  bronchovesicular  or  even  bron- 
chial breathing,  and  the  bloody  expectoration  combine  to  cause  the 
disease  to  be  mistaken  for  croupous  pneumonia,  microscopic  exami- 
nation of  the  sputa  yields  positive  signs  that  the  disease  is  neither 
catarrhal  nor  croupous,  but  desquamative  pneumonia;  because 
neither  in  catarrhal  nor  in  croupous  pneumonia  is  alveolar  epithelium 
found  in  such  quantities  in  the  sputum,  which,  besides,  never  con- 
tains ciliated  cells.  The  longer  the  disease  lasts,  the  more  epithelia  and 
granular  cells  are  found,  the  more  the  fatty  degeneration  has  advanced, 
the  sooner  the  cells  contain  pigment.  Free  molecules  of  fat,  free 
cell  nuclei  resulting  from  disintegration,  are  of  course  also  present." 

In  the  case  I  observed,  in  which  desquamative  pneumonia  orig- 
inated in  the  right  lower  lobe,  nothing  but  a  little  mucus  was  expec- 
torated during  the  first  three  weeks.  This  did  not  contain  any  tubercle 
bacilli.  Not  until  the  fifth  week  of  the  disease  were  numerous  sputa 
thrown  out  in  which  tubercle  bacilli  could  be  demonstrated. 

The  symptoms  are  quite  different  when  a  consecutive  desquama- 
tive pneumonia  of  the  upper  lobe  is  added  to  an  existing  small  focus 
in  the  apex  which  so  far  has  not  given  rise  to  any  pulmonary 
symptoms.  The  desquamative  pneumonia  is  mostly  preceded  by 
hemoptysis,  which  I  consider  to  be  a  proof  that  an  already  exist- 
ing focus  in  the  pulmonary  apex  has  separated  from  its  surroundings, 
thus  causing  a  rupture  of  smaller  vessels.  Not  until  a  few  days 
after  tliis  occurrence  the  change  in  the  upper  lobe  takes  place.  The 
percussion  sound  becomes  empty  and  high-pitched  or  dull;  the 
respiration  slow,  weakened,  not  rarely  bronchial;  fever  need  not 
necessarily  be  present. 

The  subsequent  course  varies.  The  dulness  as  well  as  the  abnor- 
mal respiratory  sound  may  disappear  entirely  and  a  restitutio  ad  inte- 
grum may  occur.  The  case  of  a  young  lawyer  who  consulted  me  on 
account  of  a  grave  anemia  is  very  remarkable.  He  was  not  bedrid- 
den and  did  not  show  any  symptoms  relating  to  the  lungs.  I  found  a 
desquamative  pneumonia  of  the  entire  right  upper  lobe.  An  abso- 
lute disappearance  of  all  objective  symptoms  was  brought  about 
by  an  interruption  of  his  business  activity,  and  sojourn  in  a  bathing- 
place  on  the  sea.  A  year  later  he  had  a  hemorrhage.  I  now  found 
a  tuberculous  affection  of  his  right  lung,  which  six  months  later 
ended  in  death.  Just  as  hemoptysis  may  be  succeeded  by  desquama- 
tive pneumonia,  the  latter  may  also  occasionally  take  place  without 
it  in  connection  with  an  already  existing  tuberculous  area  in  the  pul- 
monary apex.  The  onset  of  desquamative  pneumonia  may  be  so 
gradual  that  the  first  examination  may  divulge  an  extended  infiltra- 
tion. The  disappearance  of  such  an  infiltration  may  have  caused 
many  erroneous  views  in  regard  to  the  value  of  therapeutic  methods. 

I  must  leave  it  undecided  whether  the  following  condition  may 
be  regarded  as  caused  by  primary  desquamative  pneumonia  or  whether 
they  occur  in  connection  with  smaller  areas  at  the  apex,  and  must, 
therefore,  be  considered  as  secondary — namely,  consolidation  in  one 
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or  both  upper  lobes  after  preceding  cough,  which  I  have  observed  in 
chikh'en  between  four  and  ten  years  of  age.  The  cases  were  not 
accompanied  by  fever,  and  with  the  necessary  precautions  almost 
always  terminated  favorably  after  a  moderately  long  duration. 

By  recognizing  these  desquamative  pneumonic  changes  of  the  pul- 
monary upper  lobes  I  have  frequently  been  able  to  give  the  proper 
diagnosis  for  an  otherwise  incomprehensible  process,  when  in  consul- 
tation with  other  physicians.  The  point  is  that  with  proper  treatment 
in  some  patients  the  dulness  over  the  upper  lobe  disappears  com- 
pletely after  some  time,  but  can  be  demonstrated  again  after  several 
weeks  or  months.  If  an  explanation  of  these  occurrences  is  possible 
at  all,  it  must  be  based  on  the  actual  cure  of  a  consecutive  des- 
quamative pneumonia,  one  that  runs  its  course  in  the  alveolar  epi- 
thelium, and  on  the  possibility  of  recurrence  in  the  same  place  where 
it  had  existed  before. 


DIAGNOSIS  AND  PROGNOSIS. 

The  discrimination  between  primary  desquamative  and  genuine 
pneumonia  is  of  especial  importance,  but  at  present  it  still  encounters 
great  difficulties.  Quite  frequenth'  primary  desquamative  pneu- 
monia may  be  taken  to  be  croupous,  and  the  origin  of  grave  consecu- 
tive conditions,  principally  of  tuberculosis,  may  be  laid  to  the  door  of 
croupous  pneumonia,  especially  when  the  disease  is  located  in  the 
upper  lobe ;  and,  ^dce  versa,  it  happens  in  rapidly  occurring  fatal  ter- 
mination that  a  pneumonia  which  has  been  taken  to  be  croupous  before 
life  was  extinct,  on  the  dissecting  table  turns  out  to  be  desquamative 
pneumonia. 

It  will  be  necessary  to  have  recourse  to  a  minute  microscopic  and 
bacteriologic  examination  of  the  sputa,  which  so  far  has  possibly 
rarely  been  done.  Before  all,  it  has  to  be  demonstrated  whether 
Buhl's  view  is  correct,  that  the  presence  in  the  sputum  of  numerous 
alveolar  epithelia  is  characteristic  of  this  affection.  Up  to  the  pres- 
ent I  have  not  sufficient  foundation  for  this  view.  It  is  also  pos- 
sible that  the  absence  of  Diplococcus  pneumoniae  in  the  sputa  or  its 
presence  in  small  numbers  is  a  criterion  for  the  diagnosis  if  the  other 
objective  and  subjective  symptoms  of  desquamative  pneumonia  are 
present. 

The  diagnosis  of  consecutive  desquamative  pneumonia  is  less  diffi- 
cult in  most  cases.  It  is  then  only  a  question  of  demonstrating  a 
more  or  less  extended  dulness  over  the  upper  lobe  developing  after 
hemoptysis  or  an  already  present  tubercular  affection  of  the  pul- 
monary apex. 

But  if  a  tubercular  area  has  existed  in  the  pulmonary  apex  up  to 
the  time  when  an  extended  consolidation  of  the  upper  lobe  can  be 
demonstrated  as  apparently  the  first  morbid  change,  then  the  diagno- 
sis is  apt  to  offer  some  difficulties.     In  the  first  place,  extensive  tuber- 
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culous  infiltration  of  the  upper  lobe  with  disintegration  of  tissue 
must  be  excluded.  This  is  indicated  by  the  longer  duration  of  the 
process,  the  intensity  of  the  cough,  the  wide-spread  crepitant  rales, 
the  tympanitic  element  in  the  dulness,  the  presence  of  metallic  rales ; 
while  desquamative  pneumonia,  as  long  as  it  is  still  limited  to  the 
alveolar  lumen,  appears  with  little  or  entirely  without  cough,  the  per- 
cussion note  is  uniformly  empty  or  dull,  the  respiration  is  weakened 
or  faintly  bronchial,  and  no  catarrhal  sounds  or  only  such  as  are 
limited  to  a  small  area — namely,  the  previously  present  small  tuber- 
culous area  which  so  far  had  been  latent — are  heard. 

Likewise  attention  is  to  be  directed  to  the  differentiation  of  acute 
tuberculosis,  in  which,  in  connection  with  already  present  small  areas 
at  the  apex,  at  least  the  upper  lobes  of  the  lungs,  sometimes  the  en- 
tire lungs,  are  interspersed  with  acinous  foci.  This  form  never  shows 
a  uniform  consolidation,  limited,  at  least  at  the  onset,  to  the  upper 
lobe,  and  is  attended  with  considerable  fever,  while  consecutive  des- 
quamative pneumonia  quite  frequently  takes  place  without  fever, 
and  patients  often  enough  show  so  few  disturbances  of  the  general 
state  of  health  that  they  are  not  bedridden  at  all. 

The  diagnosis  of  these  conditions  is  the  more  important,  as  the 
prognosis  in  consecutive  desquamative  pneumonia  is  much  more 
favorable  and  complete  recovery  may  be  looked  for. 

It  is  very  difficult  to  state  at  present  what  the  prognosis  of  primary 
desquamative  pneumonia  is.  Many  cases  may  terminate  in  recovery  ; 
but  they  may  not  have  been  recognized,  being  mistaken  for  genuine 
pneumonia.  The  termination  may  therefore  possibly  not  be  as  un- 
favorable as  seems  to  be  the  case  at  present,  owing  to  the  fact  that 
the  disease  is  mostly  recognized  on  the  dissecting  table.  Very  likely 
here,  as  well  as  in  the  consecutive  form,  a  restitutio  ad  integrum  may 
take  place ;  in  other  cases  a  focal  disintegration  may  lead  to  the  for- 
mation of  tuberculous  areas  and  a  chronic  consoUdation  may  occur 
around  these  areas. 


TREATMENT* 

At  present  no  special  therapeutic  indications  can  be  given  for 
primary  desquamative  pneumonia.  In  general,  the  precautions  which 
are  recommended  in  the  treatment  of  croupous  pneumonia  may  be 
observed,  and  a  stimulating  treatment  should  be  instituted  from  the 
beginning. 

In  the  treatment  of  consecutive  desquamative  pneumonia  special 
therapeutic  measures  can  be  taken.  Numerous  observations  entitle 
me  to  say  that  a  favorable  result  may  generally  be  looked  for  in  such 
cases.  Often  enough  I  have  seen  extensive  consolidations  over  an 
upper  lobe,  with  weakened  respiration  or  slight  bronchial  breathing, 
completely  disappear. 

In  all  cases,  mostly  appearing  and  terminating  without  fever,  the 
business  occupation  or,  according  to  the  age,  the  attending  of  school 
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has  to  be  suspended.  Whene\'er  it  could  be  done,  I  recommended 
sojourn  in  localities  witli  good  air,  in  a  richly  wooded  neighborhood. 
Exercise,  mountain-climbing,  bicycle-ricUng,  etc.,  were  prohibited. 
Special  stress  nuist  be  laid  on  an  invigorating  diet;  above  all, 
plenty  of  milk.  In  regard  to  drugs,  I  use  quinin  and  iron  in  every 
case.     For  adults  I  prescribe : 

R  .     Quiuin  liydrochlorate 1.0   (15  grains) 

Iron  sulphate 3.0  (4.5  grains) 

Powdered  licorice  root 3.5   (52  grains) 

Extract  of  licorice,  enough  to  make  xl  pills. 

M.     Dust  with  licoiiodium  powder. 

SiG. — Take  two  pills  twice  a  day. 

For  cliildren: 

R .     Quinin  hydrochlorate 

Iron  sulphate of  each     1.5   (22  grains) 

Powdered  licorice  root 1 .0   (15  grains) 

Extract  of  licorice,  enough  to  make  xxx  pills.  M. 

SiG. — Take  two  or  three  pills  daily,  according  to  the  age. 

I  have  rarely  had  to  use  expectorants.  If  necessary,  adults  received 
twice  dailv,  or  onlj^  in  the  evening,  0.3  (5  grains)  of  Dover's  powder; 
children,  from  0.01  to  0.015  (^  to  \  grain). 


SYPHILITIC  PNEUMONIA. 

PATHOGENESIS  AND  PATHOLOGIC  ANATOMY. 

Ix  describing  syphilitic  inflammations  of  the  lungs  hereditary 
syphilitic  diseases  must  be  distinguished  from  the  varieties  caused 
by  acquired  syphilis,  and  in  the  latter  three  kinds  are  to  be  defined : 
(1)  gumma,  (2)  changes  in  the  connective  tissue,  and  (3)  parenchy- 
matous changes.  * 

Virchow  was  the  first  to  describe  a  peculiar  white  hepatization  of 
the  lungs  in  still-born  children,  in  whom  the  alveoli  were  crammed  ■uith 
exceedingly  plentiful  epithelium,  sometimes  filled  with  fat.  Ever}?- 
particle  of  the  lungs  sank  in  water,  but  in  spite  of  this  the  lungs  could 
be  fully  inflated.  F.  Weber  made  a  similar  description  under  the 
same  name  mthout  mentioning  any  connection  vdXh.  s^'philis.  The 
disease  appears,  according  to  his  observations,  in  children  which  are 
born  one  to  two  months  before  term.  The  lungs  were  so  large  that 
after  detaching  the  sternum  hardly  anything  could  be  seen  of  the 
pericardium  and  several  impressions  of  the  ribs  could  be  plainly  seen 
on  the  lateral  surfaces  of  the  lungs.  The  color  of  these  large  lungs  on 
the  surface  and  on  all  cut  surfaces  which  were  uniformly  smooth  was 
almost  white  mth  a  tinge  of  jtIIow,  and  the  firmness  of  the  anemic 
pulmonary  parenchyma  was  so  considerable  that  every  single  lobe 
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stood  like  a  tenpin  when  placed  on  a  table.  Herker,  when  describing 
such  a  case,  in  which  the  thymus  gland  was  almost  entirely  changed 
into  an  abscess  filled  with  straw-colored  pus,  and  the  pale  red  lungs, 
which  filled  the  thorax  as  completely  as  lungs  that  have  expanded,  at 
the  same  time  felt  exceedingly  firm  on  the  cut  surface,  was  the  first 
to  state  that  Merkel  declared  this  change  to  be  a  rare  form  of  chronic 
pneumonia  peculiar  to  syphilis  which  originates  intra  uterum  and  is 
accompanied  by  increase  of  the  epithelium  and  consolidation  of  the 
pulmonary  cellular  tissue. 

Lorain  and  Robin  give  a  very  explicit  description  of  two  cases 
which  should  be  counted  as  belonging  to  this  category.  They  demon- 
strated in  two  children,  born  in  the  sixth  and  seventh  month  respec- 
tively, one  of  whom  lived  only  long  enough  to  breathe  three  times, 
while  the  other  lived  two  hours,  besides  pemphigus,  the  pulmonary 
change  which  they  compare  with  a  case  observed  by  Rogers  and 
named  by  him  " pancreatisation  du  poumon."  By  reason  of  their 
microscopic  examination  they  declare  this  affection  to  be  character- 
ized by  a  considerable  increase  of  the  pavement  epithelium  which 
fills  and  obliterates  the  bronchioles  in  the  shape  of  cylinders.  They 
accordingly  designate  the  disease  pulmonary  epithelioma. 

According  to  Wagner's  investigation,  not  a  trace  of  alveoli  is 
found  in  the  syphilomatous  lungs  of  the  newborn;  only  occasionally 
some  alveoli  are  present  which  are  four  to  six  times  smaller  than  those 
in  children  who  have  breathed.  The  interalveolar  tissue  is  much 
increased  in  width  by  compact  layers  of  medium-sized,  round,  free 
nuclei,  and  large  round  cells  with  large  nuclei ;  in  most  places  plenty 
of  albumin  and  fat  molecules  are  present,  interspersed  with  atrophied 
or  fatty  degenerated  nuclei  and  cells. 

My  own  observations  of  syphilitic  pneumonia  of  the  newborn  en- 
able me  to  add  some  further  details  to  this  description.  I  had  the 
opportunity  of  observing  such  cases  in  the  lying-in  department  of  the 
Altstadt  Hospital,  which  was  under  my  direction.  Into  this  depart- 
ment the  women  about  to  be  delivered  were  transferred  from  the 
syphilitic  ward. 

The  majority  of  these  children  were  fully  mature,  and  some  of  them 
breathed  for  a.  comparatively  long  time; — one,  three  and  a  half 
hours;  another,  five  hours.  At  the  autopsy  the  lungs  were  found 
large,  heavy,  firm,  airless,  and  of  characteristically  white  appear- 
ance. Generally  the  tissue  showed  uniform  consolidation  on  the  cut 
surface;  rarely — I  only  remember  two  cases — there  was  a  peculiar 
small  lobulation.  The  macroscopic  appearance  is  aptly  described  by 
the  designation  "pancreatisation,"  which  was  undoubtedly  chosen 
b}''  Lorain  and  Robin  exclusively  for  such  cases,  and  which  means 
that  the  condition  corresponds  on  a  smaller  scale  with  the  macro- 
scopic structure  of  the  pancreas. 

In  the  microscopic  examination  I  found  the  greater  majority  of 
the  alveoli  empty  in  every  instance ;  only  a  small  number  were  com- 
pletely filled  with  well-preserved   cells.     But  generally  the  empty 
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alveolus  was  smaller  throughout  than  in  newborn  children  who  had 
breathed.  Most  striking  was  the  increase  in  the  width  of  the  alveolar 
interstices.  This  broatlening  was  caused  exclusively  by  swelling  of 
the  alveolar  epithelium,  which  was  firmly  adherent  to  the  wall. 

Besides  this,  another  important  change  had  taken  place  in  the 
smaller  vessels.  Here  all  parts  of  the  wall  showed  an  astonishing  in- 
crease in  thickness,  affecting  for  the  most  part  the  adventitia,  and  to 
a  lesser  degree  the  muscularis  (compare  Plate  7,  Fig.  8).  Frequently 
the  adventitia  was  of  the  same  cUameter,  both  in  longitudinal  and  in 
transverse  sections,  as  the  lumen  of  the  vessel.  At  different  places 
the  original  substance  appeared  to  be  filled  with  hyaline  material. 
Between  the  adventitia  and  the  surrounding  tissue  an  empty  space 
was  usually  found  which  probably  corresponds  to  the  dilated  lymph- 
space. 

I  believe  I  am  entitled  to  bring  these  two  changes  into  genetic 
connection  and  trace  the  thickening  of  the  alveolar  interstices  in  con- 
sequence of  the  distention  of  the  alveolar  epithelia  to  the  excessive 
thickening  of  the  walls  of  the  blood-vessels.  I  came  to  this  conclu- 
sion by  the  findings  in  cardiac  lesion  lungs  which  will  be  described 
later.  Here,  where  congestion  is  the  only  cause  of  the  pulmonary 
change,  the  conduct  of  the  alveoli  shows  a  striking  resemblance  to 
that  in  syphilitic  pneumonia  of  the  newborn.  This  similarity,  and 
the  consideration  that  such  a  thickening  of  the  vascular  walls  as  is 
present  in  these  cases  must  affect  the  nutrition  of  the  pulmonary  tissue 
in  much  the  same  way  as  the  congestion  in  the  presence  of  cardiac 
lesions,  induce  me  to  declare  the  affection  of  the  pulmonary  tissue  to  be 
a  consecutive  condition  of  the  vascular  disease  and  consequent  im- 
paired function  of  the  vascular  walls. 

AATiile  these  changes  are  present  in  all  cases  of  white  syphilitic 
pneimionia,  whether  a  uniformly  smooth  consolidation  is  present  or 
whether  the  tissue  is  lobulated  like  the  pancreas,  I  have  also  found 
in  the  latter  form  a  conspicuous  dilatation  of  all  the  finer  bronchi, 
and  I  believe  I  may  trace  the  pancreatization  to  this  change. 

In  connection  ^vith  the  description  of  white  hepatization,  Virchow 
mentions  another  quite  rare  condition  which  he  has  seen  several  times 
in  adults,  every  time  in  3^oung  girls.  He  says:  This  congenital 
alveolar  catarrh  is  complicated  by  a  condition  which  belongs  to 
brown  induration,  but  differs  from  the  usual  form  in  so  far  as  no 
cardiac  lesion,  in  fact  no  demonstrable  impediment  to  the  circula- 
tion outside  of  the  lungs,  is  present,  and,  in  spite  of  this,  a  consider- 
able quantity  of  a  brownish  pigment  accumulates  within  the  lungs, 
chiefly  in  the  cellular  contents  of  the  alveoli.  The  latter  contain 
such  a  large  number  of  catarrhal  round  cells  that  the  tissue  on 
account  of  this  accumulation  feels  more  dense  and  the  entrance  of 
air  into  the  alveoli  is  rendered  difficult.  Most  likely  the  alveolar 
catarrh  is  at  the  same  time  the  cause  of  the  impeded  passage  of 
the  blood  through  the  lungs. 

Regarding  the  occurrence  of  the  various  pulmonary  diseases  after 
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acquired  syphilis,  Virchow  remarks,  concerning  the  gummy  nodules 
mentioned  before  as  form  1,  that  quite  a  number  of  authors  have 
described  the  finding  of  such  nodules  in  the  lungs,  and  although  some 
of  these  descriptions  give  rise  to  some  doubt,  he  is  far  from  doubting 
the  correctness  of  all  the  observations.  According  to  his  experience, 
he  only  wishes  to  recommend  great  care  in  giving  an  opinion.  Case- 
ous, yellow,  and  yellowish-white,  principally  encapsulated  nodules  are 
very  frequent  in  the  lungs,  and  present  all  grades  of  consistency, 
without  there  being  any  reason  to  take  them,  on  this  account  or  on 
account  of  their  age,  to  be  of  syphilitic  origin.  The  mere  coincidence 
with  other  syphilitic  products  cannot  be  decisive  here,  for  why  cannot 
a  syphilitic  diseased  person  be  attacked  by  tuberculosis  of  the  lungs, 
and  why  not  a  phthisically  affected  individual  by  syphilis?  "  A  great 
variety  of  nodular  formations  are  found  in  the  lungs.  There  are 
fibrous  nodules,  both  white  and  pigmented,  chiefly  black;  there  are 
also  dry,  cheesy  nodules,  mostly  white  or  yellowish-white  in  color, 
sometimes  '  pepper  and  salt, '  and  these  are  in  the  highest  degree  sus- 
picious. But  peribronchitis  and  chronic  pneumonia  may  give  rise  to 
similar  formations  even  in  cases  in  which  there  is  no  evidence  of  pre- 
existing syphilis,  so  that  it  cannot  be  positively  asserted  that  such 
nodules  are  actually  gummatous.  Even  the  coarse,  nodular,  extremely 
hard  variety,  which  is  occasionally  found  in  constitutional  syphilis, 
may  develop  without  any  signs  of  specific  disease  in  stone-masons 
and  individuals  engaged  in  similar  pursuits." 

Nevertheless  it  is  probable  that  the  cases  designated  by  Wagner 
as  "pulmonary  syphiloma"  were  true  cases  of  syphilitic  disease. 
Case  XXV  is  quite  typical ;  the  pulmonary  findings  in  this  case  were 
as  follow : 

Left  pleura  empty,  lung  clear,  upper  lobe  of  normal  size,  lower  a  little 
smaller,  the  former  moderately  emphysematous  at  the  edges.  In  the 
upper  lobe  are  a  few  nodules,  mostly  at  a  distance  from  the  periphery, 
up  to  the  size  of  a  walnut,  irregularly  round  and  serrated,  sharply  defined, 
which  are  airless,  homogeneous,  greenish-gray  or  pale  brownish-red, 
partly  dotted  black,  slightly  moist,  and  moderately  firm.  The  remain- 
ing tissue  of  the  upper  lobe  is  anemic  and  moderately  pigmented.  The 
lower  lobe  firmer,  heavy,  and  interspersed  with  numerous  airless  nodules, 
some  as  large  as  a  goose-egg  and  similar  to  those  in  the  upper  lobe.  The 
interior  of  most  of  them  contains  small,  distended  bronchi  of  cylindric 
shape,  filled  with  grayish-yellow  pus,  the  mucous  membrane  of  which  is 
dark  red  and  much  swollen.  The  tissue  between  these  nodules  is  partly 
normal,  partly  almost  or  quite  airless,  blackish-gray,  smooth,  more  firm, 
dry,  especially  where  the  nodules  are  found  close  together.  The  larger 
bronchi  contain  a  small  quantity  of  grayish-yellow  mucus;  the  mucous 
membrane  is  moderately  red  and  swollen.  Bronchial  glands  slightly 
enlarged,  black,  and  firm.  Right  lung  adherent  only  over  the  posterior 
part  of  the  upper  lobe,  otherwise  the  same  as  the  left  lung.  The  upper 
lobe  in  its  upper  half  normal,  in  the  lower  interspersed  with  the  same 
kind  of  nodules  as  the  upper  left;  the  remaining  tissue  of  the  same  lung 
is  moderately  edematous  and  contains  a  moderate  quantity  of  blood. 
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The  middle  lobe  is  anemic,  but  otherwise  normal.  The  lower  two-thirds 
of  the  lower  lobe  are  in  the  same  condition  as  the  left  lower  loVje.  The 
upper  third  contains  air,  is  fairly  vascular,  and  interspersed  with  some 
fresh  hemorrhages  up  to  the  size  of  a  bean.  Bronchi  and  bronchial  glands 
are  the  same  as  on  the  left  side. 

Wagner  remarks,  in  connection  with  his  casuistic  description,  that 
the  nodules  of  pulmonary  syphiloma  are  in  the  fully  developed  state 
are  so  characteristic  that  the  fact  of  their  having  been  almost 
entire!}^  overlooked  up  to  now  can  only  be  ascribed  to  the  tendency  to 
regard  all  caseous  or  dry  tumors  of  the  lungs  as  tubercles,  and  all  softer 
ones  as  carcinomata. 

Henop  also  gives  a  clinical  and  anatomic  description  of  a  case  of 
nodular  syphiloma  of  the  lungs  which  in  a  very  early  stage  of  syphilis 
terminated  in  death.  While  the  lungs  were  absolutely  intact,  nodes, 
some  as  large  as  a  goose-egg,  were  found  in  both  lungs.  One  of  them 
occupied  the  greater  part  of  the  anterior  surface  of  the  right  upper 
lobe;  had  a  yellowish-white,  slightly  mottled  gray  appearance,  on 
account  of  some  pigment  streaks;  without  vessels;  resistant  to  the 
finger;  and  on  the  cut  surface  projecting  above  its  surroundings.  A 
layer,  2  mm.  broad,  of  connective  tissue  which  contained  air  separated 
it  from  the  pleura.-  It  deserves  to  be  especially  mentioned  that  a 
very  instructive  illustration  accompanies  the  description. 

Regarding  the  appearance  of  simple  connective-tissue  hyper- 
plasia of  the  pulmonary  tissue  as  a  consequence  of  syphilis,  Virchow 
maintains,  with  reference  to  the  observations  of  Vidal  and  Dittrich, 
that  undoubtedly  there  also  exist  simple  irritative  affections  of  the 
lungs  of  syphilitic  origin  which  never  become  gummy.  He  observed 
them  in  the  pulmonary  parenchyma  proper  as  well  as  in  the  finest 
bronchi  and  in  the  pleura,  and  he  is  inclined  to  regard  certain  fibrous 
forms  of  pleuritis,  of  pneumonia,  and  of  peribronchitis  as  analogous 
with  the  chronic  syphilitic  inflammations  of  the  liver,  testicles,  etc. 

Probably  Rollet  was  the  first  to  demonstrate  that  pulmonary 
syphiloma  appears  not  only  in  nodular  masses  of  round,  ellipsoid, 
or  irregular  shape  of  different  size,  sometimes  as  large  as  a  fist,  and 
either  single  or  dispersed  over  larger  parts  of  the  lungs,  but  also 
forms  diffuse  infiltrations,  which  alone  or  in  connection  with  nodules 
may  extend  over  a  pulmonary  lobe. 

In  the  same  manner  Schnitzler  describes  diffuse  syphilitic  disease 
of  the  lungs.  In  this  affection  the  organ  is  generally  of  a  firmer  con- 
sistency, of  heavier  weight  and  more  uniform  surface.  The  infiltra- 
tion extends  over  one  or  both  lungs,  or  over  only  a  part  of  them.  The 
infiltrated  parts  are  mostly  entirely  airless,  grayish-red,  grayish- 
yellow,  smooth,  homogeneous,  with  a  scanty  turbid  juice.  The 
bronchi  are  mostly  of  normal  width  and  filled  ^vith  much  purulent 
mucous  and  little  air. 

Hiller  describes  exhaustively  a  case  of  gelatinous  infiltration  which 
affected  the  right  lower  lobe  of  the  lung  and  was  accompanied  by  pro- 
nounced syphilitic  changes  in  the  larynx,  bronchi,  liver,  and  bones. 
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The  lower  lobe,  in  its  entire  extent,  showed  a  peculiar,  grayish- 
white  gelatinous  infiltration  of  gummy  elastic  consistency,  the 
parenchyma  being  absolutely  airless.  On  pressure  a  turbid,  gray, 
tough,  almost  colloid  fluid  could  be  squeezed  out  of  the  cut  surface  of 
the  lung. 

Pavlinoff  also  describes  as  a  consequence  of  syphilis,  besides  inter- 
stitial inflammation  and  nodular  peribronchial  infiltrations  of  the  left 
lung,  changes  in  the  upper  and  middle  lobes  of  the  right  lung  which 
he  takes  to  be  chronic  parenchymatous  (catarrhal)  pneumonia.  The 
cut  surface  was  of  a  dark  slate  and  grayish-red  color,  at  the  same  time 
uneven  from  peribronchial  nodules  of  different  size  which  again 
were  separated  by  isolated  healthy  or  slightly  infiltrated  pulmonary 
parenchyma.  In  the  right  apex  two  bronchiectatic  cavities  of  hazel- 
nut-size were  found ;  also  at  different  places  smaller  saccular  bronchi- 
ectases. The  parenchyma  of  these  lungs  was  intersected  by  broad 
streaks  of  glistening,  firm  connective  tissue. 

I  myself  have  observed  the  following  case,  which  may  be  included 
in  the  sphere  of  purely  pneumonic  diffuse  consolidations,  brought  about 
by  syphilis : 

Mrs.  F.,  forty-two  years  of  age,  was  admitted  to  the  hospital  on  March 
7,  1896.  She  had  formerly  been  a  prostitute  for  many  years,  and, 
when  twenty-three  years  old,  was  infected  with  syphilis.  When  twenty- 
four  years  of  age  she  went  through  a  puerperium  which  was  complicated 
by  abdominal  inflammation.  For  a  year  she  has  been  very  short  of 
breath  when  mounting  stairs;  for  the  past  six  months  she  has  had  a 
feeling  of  constriction  about  the  chest,  has  suffered  much  from  cough, 
which  is  ver}^  severe,  so  that  sometimes  her  face  turns  almost  blue. 
During  the  last  six  months  she  has  lost  24  pounds  and  now  weighs  62  kilos, 
about  124  pounds.  Her  face  has  a  slightly  livid  appearance;  the  respi- 
ration is  difficult.  Nothing  abnormal  can  be  found  in  heart  or  lungs; 
the  larynx  is  clear,  the  vocal  cords  are  pure  white,  the  tracheal  carti- 
lage is  plainly  visible. 

The  administration  of  potassium  iodid  caused  so  marked  an  improve- 
ment that  the  patient  was  discharged  four  weeks  after  her  admittance, 
free  of  cough  and  dyspnea. 

But  after  four  days  she  returned,  complaining  of  grave  attacks  of 
apnea.  The  attacks  reappeared  very  frequently  and  could  only  be  con- 
trolled by  morphin  injections.  After  the  prolonged  use  of  potassium 
iodid  improvement  took  place.  Although  not  quite  free  from  dyspnea, 
she  asked  to  be  discharged  on  June  26,  1896. 

Four  weeks  later,  on  July  26th,  she  was  again  brought  to  the  hospital, 
suffering  from  intense  dyspnea,  stertorous  breathing,  and  cyanosis  of 
the  face.  While  so  far  the  lungs  had  appeared  to  be  normal  and  the 
symptoms  had  been  ascribed  solely  to  a  syphilitic  stenosis  of  the  large 
air-passages,  dulness  and  fine  rales  were  not  discovered  on  the  right  side 
of  the  thorax,  from  the  middle  of  the  scapula  anteriorly  downward. 
Fever  had  never  been  present ;  now  the  temperature  in  the  axillary  space 
was  38.3°  C.  (101°  F.).     The  urine  contained  a  little  albumin. 

The  dyspnea  continued  practically  unchanged  during  the  follo^^dng 
days.     Subcutaneous  injections  of  morphin  and  potassium  iodid  failed  to 
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give  relief.     Auscultation  of  the  trachea  over  the  ju<!;iihuM  sterni  showed 
only  very  .slow  respiration  which  could  hardly  V)e  called  bronchial. 

After  twenty-four  hours  the  alljuinin  luul  disappeared  from  the  urine. 
The  fever  continued,  and,  strange  to  sav,  was  higher  in  the  morning  than 
in  the  evening;  it  was,  on  July  ;iOth,  a.  m.,  39°  C.  (102.2°  1' .) ;  p.  m.,  36.6° 
C.  (97.9°  F.);  on  July  31st,  a.  m.,  39.3°  C.  (102.7°  F.);  p.  m.,  36.8°  C. 
(98.2°  F.). 

On  August  1st  death  occurred  with  continued  dyspnea  in  a  state  of 
somnolence. 

Only  the  condition  of  the  thoracic  organs  at  the  autopsy  need  to  be. 
mentioiied  here,  as  the  other  organs  did  not  show  any  abnormality. 

The  pericardium  contained  a  small  quantity  of  clear  serous  fluid,  and 
was  very  fatty ;  the  muscular  structure  of  the  heart  was  flabby  and  pale 
brown;  all  valves  were  intact. 

Both  pleural  cavities  contained  a  small  quantity  of  clear  serous  fluid. 
The  upper  and  lower  lobes  of  the  right  lung  were  well  filled  with  air  and 
blood ;  the  middle  lobe,  however,  was  almost  airless,  of  cloudy  tough  con- 
sistency, the  cut  surface  pale  gray,  not  granular. 

On' the  left  side  of  the  trachea,  immediately  over  the  bifurcation,  a 
prominence  is  present  which  leaves  onl}'  a  narrow,  crescent-shaped  slit 
within  the  tube.  The  entrance  of  the  left  bronchus  is  obstructed  by  the 
prominence,  which  arches  over  the  mouth  of  the  tube.  This  prominence 
corresponds  to  a  fluctuating  tumor  which  is  located  entirely  outside  of 
the  tracheal  wall,  so  that  the  tracheal  cartilages  and  mucous  membrane, 
Avhich  bulge  imvard,  are  intact  except  a  small,  lentil-sized  spot  on  top 
of  the  tracheal  prominence  which  corresponds  with  the  mass  filling  the 
tumor:  namely,  coagulated  blood — as  is  shown  by  a  bisection  of  the 
tumor.  The  tumor  itself  is  formed  by  an  almost  globe-like  dilatation  of 
the  aorta  as  large  as  a  plum.  This  dilatation  communicates  with  the 
lumen  of  the  arch  of  the  aorta  by  a  circular  opening  1  cm.  in  diameter. 
The  inner  surfaces  of  both  the  ascending  aorta  and  the  arch  show  numer- 
ous contiguous  eminences  of  yellowish-white  color,  some  of  which  feel  as 
hard  as  bones. 

m  addition  to  the  syphilitic  infection  which  was  kno\\Ti  to  exist, 
only  the  followdng  secondary  conditions  were  to  be  observed  in  this 
case :  The  atheroma  of  the  aorta,  which  w^as  of  very  high  grade  con- 
sidering the  age  of  forty-two  years,  with  an  aneurysmal  dilatation 
depending  on  the  same  which  caused  a  compression  of  the  larynx,  and 
furthermore  a  pneumonic  consolidation  of  the  middle  lobe.  If  I  con- 
sider syphilis  to  be  the  cause,  I  do  so  not  only  on  account  of  the  com- 
munications referred  to,  according  to  which  the  middle  or  low^er 
lobes  w^ere  diseased  in  syphilis,  and  the  clinical  observations,  to  be 
explained  later  on,  according  to  which  the  middle  lobe  is  the  seat  of 
predilection  of  syphilitic  pneumonia,  but  principally  on  account  of 
the  microscopic  examination  of  the  case  in  question. 

All  the  alveoli  w^ere  filled  with  cellular  material.  Only  a  few^ 
contained  swollen  alveolar  epithelia  exclusively;  not  much  more 
numerous  were  such  alveoli,  in  w^hich  a  smaller  number  of  w^hite  blood- 
corpuscles  were  embedded  in  fibrinous  masses,  while  the  alveolar 
capillaries  were  distended  with  blood.     But  most  of  the  alveoli  ap- 
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peared  to  be  well  filled  with  small  round  cells  interspersed  with  red 
blood-corpuscles.  A  much  larger  quantity  of  the  latter  was  pres- 
ent in  the  interalveolar  and  interlobular  tissue. 

This,  however,  does  not  prove  that  this  pneumonic  inflammation 
is  entitled  to  a  special  classification,  the  only  justification  for  which 
would  be  a  considerable  increase  in  the  thickness  of  the  walls  of  the 
smaller  vessels.  Exactly  as  described  in  the  definition  of  white 
syphilitic  pneumonia  of  the  newborn  represented  on  Plate  7,  figure  8, 
there  exists  in  this  instance  an  increase  of  the  elements  which  form 
the  muscularis  and  the  adventitia,  and  here  also  the  adventitia  is 
principally  affected. 

Consequently,  according  to  the  above  communications  of  Rollet, 
Schnitzler,  Hiller,  Pavlinoff,  and  according  to  my  own  description, 
the  occurrence  of  diffuse  pneumonic  disease  secondary  to  syphihs 
may  be  considered  to  be  positively  proved. 

Furthermore,  the  cfuestion  should  also  be  discussed  whether  it  be 
possible  that  gummy  inflammation,  or  diffuse  inflammation  of  the 
connective  tissue,  or  parenchymatous  inflammation  can  cause  a  pro- 
cess of  disintegration  in  the  lungs  with  the  formation  of  cavities  like 
those  caused  by  tuberculosis. 

Based  on  a  very  careful  analysis  of  the  prei^ious  reports  in  reference 
to  S3^philitic  phthisis,  Hiller  criticizes  the  want  of  care  so  far  dis- 
played in  the  diagnosis  of  this  affection.  The  entire  literature  of 
syphilis  of  the  lungs  shows  that,  almost  without  exception,  in  cases 
of  pulmonary  syphilis  that  have  come  to  autopsy,  changes  differ- 
ent from  those  found  in  phthisis  have  been  demonstrated;  that 
is,  the  authors  in  these  cases  eiddently  had  to  deal  with  pulmonary 
syphilis,  while,  on  the  other  hand,  no  autopsy  has  ever  been  made 
in  a  case  described  as  syphilitic  phthisis,  because  cure  or  improve- 
ment was  effected  by  proper  antisyphilitic  measures. 

This  standpoint  of  an  objective  criticism  is  certainly  well  founded; 
especially  in  view  of  the  fact  that  the  influence  of  syphilis  upon  the 
origin  of  disintegration  processes  in  the  lungs  has  been  greatly  over- 
estimated. But  does  not  the  question  of  syphilitic  phthisis  deserve 
to  be  iuA'estigated  from  another  point  of  A^ew? 

We  should  not  forget  that  the  word  phthisis  originally  designated 
only  a  clinical  conception.  Based  upon  this  meaning  of  the  word, 
Bayle  has  already  distinguished  six  different  kinds  of  phthisis  accord- 
ing to  the  originating  causes.  In  this  sense  his  predecessors  and 
his  contemporaries  referred  to  a  syphilitic  phthisis  of  the  lungs. 

To-day,  when  phthisis  of  the  lungs  and  the  tubercle  bacillus  are 
justly  considered  to  be  identical,  the  designation  "syphilitic  phthisis" 
may  be  discarded. 

Therefore  we  can  only  refer  to  sypliilitic  inflammation  of  the  lungs, 
or,  as  Hiller  ad\dses,  to  syphihtic  inflltration;  but  we  would  consid- 
erably lessen  our  own  knowledge  of  the  same  if  we  neglected  to  con- 
sider the  experience  which  up  to  now  has  been  gathered  under  the 
title  ''syphihtic  phthisis, "  especially  if  the   data  obtained  are  dis- 


SYPHILITIC   PNEUMONIA.  651 

cussed  with  a  view  of  clearing  up  the  differences  between  changes  in 
the  puhnonary  tissue  caused  by  syphiHs  and  tuberculosis  of  the  lungs. 
The  view  of  Hertz  that  in  the  case  described  by  him  the  pulnion- 
ar}'  changes  and  partial  disintegration  of  the  tissue  are  to  be  ascribed 
to  syphilis  is  probably  well  founded. 

The  case  was  that  of  a  woman,  thirty-four  years  of  age,  who  had  been 
infected  with  syphilis  two  years  previously.  Clinically  she  offered  a 
number  of  symptoms  which  pointed  to  the  presence  of  an  aneurysm 
of  the  ascending  aorta;  cerebral  embolism;  and  pneumonic  infiltration  of 
the  entire  lower,  and  part  of  the  upper  lobe  of  the  left  lung,  with  com- 
mencing infiltration  in  the  lower  part  of  the  right  lung.  Autops}'- 
proved  the  correctness  of  the  diagnosis.  The  upper  half  and  the 
anterior  edge  of  the  left  upper  lobe  were  completely  filled  with  air. 
Further  down  and  posteriorly  the  parenchyma  was  interspersed  with 
numerous  nodules  varying  between  the  size  of  a  millet-seed  and  that 
of  a  small  pea.  They  were  irregularly  defined,  of  gray  and  white  and 
even  blackish  color,  and  between  them  parenchyma  was  found  which 
mostly  still  contained  air.  The  base  of  the  upper  lobe,  however,  was 
occupied  by  an  almost  gray  appearing  consolidation,  uniformly  diffuse, 
or  appearing  in  larger  spots,  which  was  interrupted  by  delicate,  reticular, 
golden  tracings  (fatty  degenerated  epithelium),  and  by  yellow,  caseous, 
disintegrating  softening  areas.  Intersecting  those  uniformly  diffuse 
consolidations  were  streaks  of  connective  tissue  which  divided  the  par- 
enchyma into  several  sections;  a  large  number  of  these  hard,  pea-sized 
nodules  were  found  here  also.  Almost  the  entire  lower  lobe  showed  a 
focal  infiltration,  gray  on  the  cut  surface,  wdth  yellow  central  softening, 
which  was  also  intersected  by  firm,  dense  streaks  of  connective  tissue. 
This  more  uniform,  pneumonic  infiltration  was  amply  interspersed  ■^ith 
coarse,  grayish-white  nodules,  part  of  which  contained  a  yellow  tough 
mass  in  the  center  which  could  be  removed  by  pressure.  The  bronchi 
in  the  infiltrated  parts  of  the  upper  lobe  and  in  the  entire  lower  lobe 
were  considerably  dilated,  their  mucous  membrane  was  very  much 
congested  and  filled  with  a  tough  puriform  mass  which  could  be  drawn 
out  into  long  strings. 

The  right  lung  had  a  verv  large  volume.  Well-marked  vicarious  al- 
veolar emphysema  existed  in  the  upper  lobe  with  little  edema  and  little 
blood  contents.  The  greater  part  of  the  middle  and  lower  lobe  showed 
the  same  conditions.  Only  at  the  lower  edge  of  the  middle,  and  at  the 
base  of  the  lower  lobe  numerous  foci  of  gray  consolidations  were  formed 
with  caseous  center  which  Were  inclosed  in  a  uniformly  grayish-red,  more 
flabby  infiltration.  The  pleura  over  the  infiltrated  parts  was  covered 
with  a  delicate  layer  of  exudation,  under  which  the  pulmonary  surface 
showed  an  unequal,  rough  condition  similar  to  the  above-mentioned 
nodules;  the  pleural  tissue  itself  was  interspersed  with  the  same  oval, 
white  nodules.  The  bronchi  in  the  infiltrated  connective  tissue  appeared 
dilated,  much  congested,  and  filled  Adth  tough  puriform  masses;  in 
the  air-containing  parenchyma,  on  the  other  hand,  the  bronchi  were 
normal  and  contained  only  a  frothy  secretion. 

According  to  Hertz's  opinion,  the  above-described  gray  and  gray- 
ish-white areas,  partly  interspersed  with  black  pigment,  proved  to  be 
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peribronchitic  proliferations  wliich  originated  in  the  bronchial  walls 
and  were  composed  of  formations  which  increased  in  age  in  proportion 
to  the  distance  from  these  walls.  The  uniform  infiltrations,  without 
nodules,  represent  areas  of  lobular  pneumonia  in  the  interstitial  con- 
nective tissue  and  in  the  neighboring  alveoli  which  reveal  a  beginning 
phthisis  by  the  presence  of  partial  disintegration.  Besides  the  peri- 
bronchitic nodules  and  the  lobular  pneumonic  infiltrations,  a  very  con- 
siderable purulent  bronchitis  was  found  with  partial  dilation  of  the 
bronchial  branches.  The  fact  that  the  bronchi,  in  those  parts  which 
were  free  from  nodules  and  lobular  infiltrations,  appeared  healthy 
throughout,  and  that  the  intensity  of  the  affection  in  the  peribronchitic 
nodules  and  lobular  infiltrations  was  in  keeping  with  that  of  the  par- 
enchyma, does  not  permit  us  to  trace  these  nodules  and  infiltration  to 
a  primary  bronchitis.  Accordingly,  it  would  seem  that  the  process 
originated  in  the  connective  tissue  of  the  bronchial  walls  and  in  the 
interlobular  connective  tissue,  and  that  the  catarrhal  process  did  not 
set  in  until  later,  possibly  as  the  result  of  circulatory  disturbances  in  the 
mucous  membrane  of  the  bronchi  and  in  the  pulmonary  lobes.  But 
there  is  a  possibility  that  these  lobular  changes  are  effected  by  an 
exudative  process  immediately  depending  upon  syphilis,  and  syn- 
chronous with  the  hyperplasia  of  the  connective  tissue;  by  a  so- 
called  albuminous  infiltration  or  saturation  of  the  epithelial  cells  of 
the  pulmonary  alveoli  with  a  gelatinous  nutritive  material  which  soon 
leads  to  retrogressive  metamorphosis  and  cell-necrosis. 

In  the  case  described  by  von  Cube  it  may  also  be  assumed  without 
any  doubt  that  the  expectoration  of  pieces  of  pulmonary  connective 
tissue  was  the  symptom  of  a  destructive  process  developing  on  a 
syphilitic  base.  This  case  terminated  favorably  after  antisyphilitic 
treatment.  There  was  persistent  high  fever  with  distressing  cough, 
and  the  expectorated  material  on  microscopic  examination  was  found 
to  contain  detritus,  mucus  and  pus-corpuscles,  fibrin,  fibrous  tissue, 
cells  containing  pigment  granules,  and  in  some  places  large  masses 
of  elastic  fibers  which  were  mostly  arranged  in  a  certain  order. 

The  sputa  in  the  case  described  by  Giintz  contained  only  fine 
granular  detritus,  in  places,  with  man}^  shrunken  nuclei  and  granules, 
remnants  of  finely  striated  stroma,  a  few  spindle  cells,  here  and 
there  fine  masses  of  fibers,  crossing  each  other  in  all  directions;  but 
no  blood-corpuscles,  pulmonary  tissue,  blood-vessels,  were  anywhere 
to  be  found. 

Finally,  the  combination  of  syphilis  and  tuberculosis  is  to  be  taken 
into  consideration.  Although  Schnitzler  was  the  first  to  report  a  case 
of  tuberculosis  and  syphilis  of  the  respiratory  organs,  it  is  chiefly 
Potain  who  discussed  the  combination  of  these  two  processes  with 
particular  reference  to  the  tubercle  bacillus  which  is  characteristic 
of   tuberculosis.      He  treats  the  subject  from  two  points  of  view: 

(1)  Syphilis  occurring  in  an  individual  known  to  be  tuberculous; 

(2)  tuberculosis  occurring  in  a  syphilitic  person. 

1.  According  to  Potain,  tuberculosis  is  aggravated  if  complicated 
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by  syphilis,  because  the  symptoms  of  the  latter  are  added  to  those 
of  the  former,  and  injudicious  antisyphilitic  treatment  tends  still 
more  to  debilitate  the  organism, 

2.  If  tuberculosis  attacks  a  syphilitic  person,  it  is  generally  dur- 
ing a  later  stage  of  syphilis.  The  latter  seems  to  favor  the  gro^\1:h  of 
the  tubercle  bacillus.  He  declares  syphilis  to  be  a  predisposing  cause 
of  tuberculosis,  and  in  support  of  this  view  cites  a  report  of  Sokol- 
owsky. 

The  pathologic  alterations  produced  when  an  already  existing 
tuberculosis,  with  infiltration  and  cavity-formation,  becomes  com- 
plicated by  a  severe  syphilitic  infection  have  been  described  by 
Rindfleisch.  The  pulmonary  apex  contained  a  cavity  as  large  as  a 
pea  which  formed  the  center  of  a  nodular  infiltrate,  surrounded  and 
crossed  b}^  thickened  bands.  Some  of  these  nodules  were  as  large 
as  hemp-seeds  and  represented  true  sj^philitic  gummata ;  while  other, 
smaller  ones,  were  genuine  miliary  tubercles.  The  latter  were  under- 
going fibrous  metamorphosis.  Even  the  giant-cells  were  breaking  up, 
in  places,  to  form  fibroblasts.  Masses  of  miliary  tubercles  were  sur- 
rounded by  thickened  connective  tissue  which  was  continuous  with 
the  thickened  bands  in  the  septa  between  the  lobules.  Numerous 
tubercle  bacilli  were  found  in  the  ca^dty.  Rindfleisch  beUeves  that 
the  development  of  a  tuberculous  granuloma,  especially  a  mihary 
tubercle,  is  modified  by  the  appearance  of  syphilis  and  becomes 
encapsulated,  like  a  fully  developed  structure,  in  a  mass  of  luetic 
fibroid  tissue ;  in  other  words,  syphilis  is  capable  of  exerting  a  curative 
action  on  tuberculosis. 


SYMPTOMATOLOGY  AND  DIAGNOSIS, 

After  what  has  been  said  in  regard  to  the  pathogenesis,  it  is  un- 
necessary, in  the  description  of  the  symptomatology,  to  speak  of  any 
changes  other  than  those  produced  hj  acquired  syphilis.  Even  if 
white  hepatization  in  the  newborn  were  eas}?"  to  recognize  and  to 
distinguish  from  simple  atelectasis,  the  number  of  living  infants 
delivered  at  term  is  so  small  that  the  question  of  diagnosis  need  not 
be  considered. 

In  view  of  the  impossibility  of  making  an  accurate  analysis  of 
the  sj^mptoms,  any  attempt  to  distinguish  clinically  between  the 
various  pathologic  processes  would  be  impracticable.  It  is  impossible 
during  life  to  distinguish  individual  gummatous  nodules  in  the  lungs, 
even  when  they  are  as  large  as  in  the  case  described  by  Wagner  and 
Henop,  from  simple  fibrous  thickening  due  to  peribronchitis,  a  condi- 
tion that  unquestionably  occurs,  especially  if  the  pulmonary  tissue 
takes  part  in  the  chronic  inflammatory  changes,  or  the  gummatous 
nodules  are  associated  with  simple  fibrous  hyperplastic  processes,  and, 
as  frequently  happens,  according  to  Fournier,  are  quite  extensive 
and  often  occup}^  an  entire  pulmonary  lobe. 
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To  make  a  sharp  clinical  distinction  it  is  necessary  to  demonstrate 
the  occurrence  of  lobar  affections  consecutive  to  pneumonic  inflam- 
mations, the  existence  of  which  has  been  established  on  pathologic 
grounds  by  Rollet,  Schnitzler,  Hiller,  Pavhnoff,  and  myself. 

It  is  hardly  possible  to  clinically  consider  more  than  two  kinds  of 
syphilitic  disease  of  the  lungs,  namely :  (1)  Syphilitic  lobar  pneumo- 
nia; (2)  chronic,  fibrous,  hyperplastic  consolidations,  which  mostly 
originate  in  the  bronchi  and  in  the  peribronchial  connective  tissue, 
sometimes  associated  with  the  presence  of  gummy  nodules. 

At  the  same  time,  it  must  not  be  overlooked  that  even  the  presence 
of  all  the  subjective  and  objective  signs  in  the  lungs  does  not  in  itself 
suffice  to  establish  the  diagnosis,  and  that  every  additional  datum, 
derived  either  from  the  history  or  from  a  general  examination  of 
the  patient  (?),  must  be  carefully  utilized. 

It  will  be  necessary  to  observe  for  the  clinical  demonstration  of 
lobar-pneumonic  affections  that,  according  to  Grandidier's  report, 
the  right  middle  pulmonary  lobe  is  most  frequently  the  seat  of  this 
affection.  He  observed  this  condition  27  times  in  30  cases.  Then  a 
conspicuous  dulness  exists,  corresponding  to  the  interscapular  region 
as  far  as  the  middle  of  the  base  of  the  right  scapula.  This  dulness  is 
most  intense  in  the  neighborhood  of  the  liilum  of  the  lung,  gradualh^ 
disappearing  upward,  downward,  and  laterally.  Apex  and  base  of 
the  lung  are  always  intact  in  the  stage  of  interstitial  pneumonia,  but 
later  on  physical  changes  set  in  here  as  well.  At  the  same  time  a  dul- 
ness is  found  anteriorly  in  the  second  and  third  right  intercostal 
spaces  near  the  sternum;  rarely  the  left  lung  is  affected.  Respira- 
tory sounds  are  absent  in  the  dull  areas,  in  wliich  bronchial  res- 
piration can  sometimes  be  noticed.  While  feeble  respiratory  sounds 
can  be  observed  over  the  lower  corner  of  the  right  scapula,  the 
respiratory  sounds  over  the  lower  lobe  of  the  right  lung  are  generally 
clear  and  normal. 

Grandidier  declares  this  infiltration,  which  is  generally  limited  to 
the  middle  lobe  of  the  right  lung,  to  be  an  important  point  in  the 
differential  diagnosis  from  infiltration  of  the  lungs  in  tuberculosis 
and  in  caseous  pneumonia.  He  believes  that  this  localization  in 
itself  is  so  significant  that,  when  it  is  present,  other  symptoms  can  be 
dispensed  with  in  order  to  determine  the  syphifitic  nature  of  the  pul- 
monary disease. 

Schnitzler  also  has  mentioned  convincing  clinical  instances  for  this 
peculiar  preference  of  syphilis  for  the  middle  and  lower  lobes  of  the 
lungs.  His  first  case  of  this  kind  was  that  of  a  woman,  thirty- 
two  years  of  age,  who  six  years  after  infection  was  attacked  by  gum- 
mata  and  ulceration  of  the  larynx,  and  at  the  same  time  suffered 
from  a  pneumonia  of  the  middle  pulmonary  lobe,  which  was  com- 
pletely cured  by  the  administration  of  large  doses  of  potassium  iodid. 
Two  years  later  the  patient  was  again  treated  for  ozena  and  infiltra- 
tion of  both  lower  lobes  and  of  the  middle  lobe.  The  pulmonary 
affection  was  again  cured  by  the  use  of  iodid  of  iron. 
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The  second  case  was  that  of  a  man,  twenty-five  years  of  age,  who, 
five  years  after  infection,  was  treated  for  ulcers  in  the  soft  palate,  f^um- 
niata  on  the  epiglottis,  uIccm's  over  the  right  arytenoid  cartilage  as  well 
as  on  the  \oq,i\\  cords,  and  in  whom  "at  th(;  right  l)ase  postcn-iorly  Ijron- 
chial  respiration  was  present,  furthermore  over  the  entire  lung  rough 
indistinct  breathing  with  coarse  and  fine  crepitant  rales."  After  the 
use  of  potassium  iodid — at  first  2  gm.  (30  grains),  later  5  gm.  (75 
grains)  a  day — all  symptoms  of  disease  disappeared;  after  several 
weeks'  treatment  not  a  trace  of  syphilitic  infiltration  could  be  detected 
by  means  of  the  most  minute  physical  examination. 

The  third  case  was  that  of  a  female  laborer,  who  complained  of 
hoarseness,  cough,  and  severe  dyspnea.  The  percussion  notes  were 
slightly  shortened  over  both  apices  posteriorly  as  well  as  anteriorly, 
the  respiratory  sounds  were  rough  and  indistinct,  covered  by  a  loud 
laryngo-tracheal  stenotic  sound;  extensive  dulness  could  be  demon- 
strated over  the  inferior  angle  of  the  left  scapula,  where  bronchial 
respiration  and  sometimes  crepitant  rales  could  be  heard.  The  diag- 
nosis "tuberculosis  of  the  lungs,"  made  on  the  strength  of  these  find- 
ings, was  not  discarded  until  the  laryngoscopic  examination  showed 
ulceration  of  the  epiglottis  and  of  the  vocal  cords  as  well  as  a  deep  ulcer 
mth  ragged  edges  and  floor  covered  with  a  purulent  exudate  over  the 
left  arytenoid  cartilage,  and  it  was  accordingly  ascertained  that 
syphilitic  infection  had  taken  place  six  years  before.  Severe  choking 
spells  led  to  the  suspicion  of  the  presence  of  laryngeal  stenosis. 
After  five  weeks'  treatment  (inmiction  cure)  the  larynx  was  almost 
normal.  The  ulcers  on  the  vocal  cords,  on  the  arytenoid  cartilage,  and 
on  the  epiglottis  were  cured  and  left  only  scarcely  perceptible  traces. 
The  voice  was  loud  and  strong,  although  still  a  little  hoarse.  The  in- 
filtration of  the  lungs  had  disappeared  except  a  slight  dulness  in  the 
apices;  the  cough  was  gone,  and  the  dyspnea,  the  removal  of  which  by 
tracheotomy  had  already  been  decided  upon,  existed  onh^  in  the 
memory  of  the  patient. 

Quite  in  equal  manner  Pankritius  lays  stress  upon  the  seat  in  the 
center  of  the  lungs  of  syphilitic  inflammation  of  the  lungs.  According 
to  his  statement,  there  exist  during  the  first  stage,  in  the  interscapu- 
lar region,  i.  e.,  at  the  base  of  the  scapula,  corresponding  to  the 
hilum  of  the  lungs,  a  dull  percussion  sound,  weak  crepitant  rales, 
"especially  decreased  expiration";  in  the  second  and  third  intercostal 
spaces  anteriorly  a  full  tympanitic  note,  often  increased  inspiration  and 
decreased  expiration,  or  weakened  breath  sounds.  During  the  sec- 
ond stage  dulness  is  present  in  the  second  and  third  intercostal  spaces 
anteriorly.  During  the  third  stage  the  intense  dulness  at  the  base 
of  the  scapula  has  extensively  increased;  inspiration  has  become 
stronger,  is  often  bronchial ;  expiration  is  abolished.  Dull  tympani- 
tic notes  are  elicited  in  the  second  and  third  intercostal  spaces  ante- 
riorly, "at  the  same  time  a  depression  of  the  affected  intercostal 
space  is  observed;  the  latter  on  deep  inspiration  bulge  and  quickly 
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collapse  again.  The  excursions  of  the  thorax  appear  somewhat  re- 
stricted; the  thorax  decreases  in  circumference." 

Pankritius  explains  the  diversity  in  the  results  of  physical  ex- 
amination by  the  course  of  the  interstitial  pneumonia  which  occurs 
primarily  in  the  locality  referred  to  [the  middle  and  lower  lobes. — 
Ed.],  although,  it  is  true,  the  parenchyma  may  also  become  involved. 
"If,  however,  a  secondary  parenchymatous  syphilitic  pneumonia 
becomes  temporarily  arrested,  the  specific  process  returns  to  its 
original  seat,  the  connective  tissue;  but  sooner  or  later,  under  the 
influence  of  some  new  irritation,  the  process  resumes  its  activity  in 
the  parenchyma,  so  that  intervals  of  apparent  recovery  alternate 
with  periods  when  the  hyperplasia  of  the  connective  tissue  and  the 
participation  of  the  parenchyma  are  more  marked." 

Valuable  as  these  clinical  evidences  of  the  characteristic  localiza- 
tion of  pulmonary  syphilis  may  be,  the  diagnosis  cannot  very  well 
be  based  on  this  fact  alone,  Grandidier  to  the  contrary  notwith- 
standing. When  it  is  recalled  that  repeated  attacks  of  pneumonia 
may  leave  residuary  changes  in  the  middle  lobe  and  in  portions  of  the 
lower  lobe;  that  the  physical  signs  elicited  in  bronchiectasis  may  be 
quite  similar  to  the  signs  described  by  Grandidier  as  characteristic 
[of  pulmonary  syphilis];  and  that  tuberculous  infiltrations  may  in- 
volve a  portion  of  the  lower  lobe  in  addition  to  the  apex,  it  is  evident 
that  the  greatest  caution  is  necessary  and  that  every  available  diag- 
nostic aid  must  be  utilized. 

If  the  disease,  instead  of  presenting  a  lobular  distribution,  assumes 
the  form  of  chronic  hyperplasia  of  the  peribronchial  connective 
tissue  resulting  in  partial  consolidation  of  irregular  areas  in  the  lungs, 
it  is  even  more  difficult  to  arrive  at  an  accurate  diagnosis.  Identical 
subjective  sj^mptoms  and  objective  findings  occur  in  other  pulmonary 
affections,  especially  tuberculosis.  First  of  all,  the  previous  occur- 
rence of  syphilitic  infection  must  be  definitely  established.  For 
this  reason  it  is  impossible  to  accept  without  reserve  the  cases  of 
Langerhans  and  Schiffmacher  which  presented  the  clinical  picture 
of  tuberculosis  while  the  history  contained  no  positive  evidence  of 
syphilitic  infection,  although  mercurial  treatment  by  inunction  proved 
successful.  The  history,  the  symptoms,  and  the  diagnosis  must  be 
mutually  confirmatory,  if  the  treatment  is  to  rest  on  a  secure  founda- 
tion. 

The  infection  may  have  taken  place  a  long  time  before.  Accord- 
ing to  Fournier,  pulmonary  syphilis  sets  in  during  the  tertiary 
period,  most  frequently  in  a  late  stage  of  the  same.  Five,  ten,  fifteen 
years,  sometimes  even  a  longer  time,  may  have  elapsed  since  infection. 

Lancereaux  describes  a  rare  case  of  hereditary  syphilis  of  the  lungs 
in  middle  age.  The  patient  was  descended  from  notoriously  syph- 
ilitic parents,  and  in  her  earliest  childhood  showed  manifold  symp- 
toms of  lues.  In  her  fortieth  year  she  was  attacked  by  hemoptysis, 
which  after  several  months,  with  the  usual  symptoms  of  phthisis,  ter- 
minated in  death.     At  the  autopsy  the  left  lung  appeared  fairly  nor- 
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mal.  Tho  niiddlo  and  lower  l()l)(>s  of  the  n.u-lit  lun<>;  wore  consolidatod, 
and  traversed  by  broad  libroiis  bands;  the  consolidated  tissue  con- 
tained several  hard,  sharply  defined  nodules  of  different  sizes;  also 
several  hard,  sharply  defined,  smooth-edged  cavities,  which  were  en- 
tirely different  from  the  usual  tub(M-cular  nodules,  and  from  the  cavi- 
ties that  occur  in  tuberculosis.  Furthermore,  characteristic  syphilitic 
changes  were  found  in  the  iris  and  in  the  tibia. 

In  regard  to  the  indi\^idual  symptoms,  cough,  dyspnea,  hemoptysis, 
sputum,  and  fever,  it  must  be  distinctly  emphasized  that  they  present 
nothing  characteristic. 

Cough  is  rarely  absent,  but  it  is  not  always  proportionate  to  the 
severity  of  the  disease.  According  to  Schnitzler's  experience,  the 
severity  of  the  cough,  in  pulmonary  syphilis  as  well  as  in  pulmonary 
phthisis,  depends  on  the  degree  to  which  the  larynx,  the  trachea, 
and  the  bronchi  are  involved ;  while  true  parenchymatous  diseases  of 
the  lungs  give  rise  to  cough  only  when  the  peribronchial  lymph- 
glands  or  the  pleura  are  implicated. 

Dyspnea  is  one  of  the  most  important  functional  symptoms.  One 
of  its  chief  peculiarities  is  that  it  cannot  very  well  be  explained 
from  the  objective  findings.  There  is  a  disproportion  between  the 
dyspnea  and  the  results  of  auscultation  and  percussion.  It  has 
been  ascribed  to  a  swelling  of  the  bronchial  glands  or  to  compression 
of  one  of  the  larger  bronchi  by  a  gumma.  More  correctly,  it  may  be 
explained  by  a  flattening  of  the  alveoli  and  a  degeneration  of  the 
alveolar  epithelium  (Mauriac). 

The  sputa  do  not  show  anything  characteristic.  The  presence  of 
tissue  particles  has  been  previously  mentioned  (page  652). 

Hemoptysis  is  rarer  than  in  tuberculosis  and  usually  smaller  in 
quantity,  but  exceptions  will  occur.  A  patient  of  Lancereux  expec- 
torated more  than  1  liter  of  blood  in  twenty-four  hours ;  a  patient  of 
Carlier,  2  glassfuls  in  a  single  hemorrhage. 

Fever  may  be  absent  entirely,  or  reach  a  high  degree  in  other  cases. 
The  temperature  cannot  be  utilized  at  all  as  an  aid  in  diagnosis. 

Auscultation  and  percussion,  except  over  the  above-mentioned 
region,  merely  reveal  the  presence  of  foci  of  consolidation  of  variable 
extent. 

The  presence  of  the  remains  of  sypliilis  in  other  organs  is  of  the 
greatest  importance,  and  should  always  be  looked  for.  In  almost 
all  the  recorded  cases  of  pulmonary  syphilis,  in  which  infection  was 
positively  known  to  have  taken  place,  signs  of  the  disease  were  found 
in  some  one  of  the  organs  or  systems  known  to  be  the  favorite  seats 
of  syphilitic  changes ;  in  the  pharynx  and  larynx,  in  the  trachea  and 
its  branches,  in  the  osseous  system,  in  the  liver,  and  in  other  organs. 
Of  course,  if  the  pulmonary  disease  develops  from  ten  to  fifteen  years 
after  infection,  the  concomitant  syphilitic  manifestations  may  be 
confined  to  the  vascular  system.  If  the  latter  is  severely  and  ex- 
tensively involved,  or  an  aneurysm  secondary  to  atheromatous  changes 
in  the  vessel-wall  exists,   especially  in  middle-aged  persons,   such 
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findings  constitute  a  valuable  auxiliary  for  the  recognition  of  the 
nature  of  the  pulmonar}^  affection,  provided,  of  course,  that  syphilitic 
infection  has  taken  place. 

TREATMENT, 

It  is  universally  admitted  that  as  soon  as  the  syphilitic  origin  of 
a  pulmonary  affection  has  been  recognized,  no  time  should  be  lost 
in  beginning  antisyphilitic  treatment.  Mercury  is  the  drug  that  best 
meets  the  indications.  Its  superiority  to  potassium  iodid  in  large 
doses  is  attested  by  the  available  literature  on  syphihtic  pneumonia 
and  confirmed  by  the  judgment  of  the  majority  of  authors.  Judging 
from  my  own  experience,  inunctions  with  mercurial  ointment  con- 
stitute the  best  method  of  administering  the  drug.  As  I  consider 
this  procedure  absolutely  innocuous  if  it  is  carried  out  under  the 
proper  medical  supervision  and  mth  the  observance  of  the  necessary 
hygienic  precautions,  I  do  not  hesitate  to  say  that  I  follow  the  old 
custom  of  ordering  the  inunctions  to  be  kept  up  for  six  weeks.  During 
the  first  three  weeks  I  prescribe  2  grams  (30  grains)  to  be  rubbed 
in  every  evening  for  six  days  in  the  week.  During  the  last  three 
weeks,  in  the  absence  of  any  disturbing  consequences,  especially 
severe  salivation,  the  dose  is  increased  to  3  grams  (45  grains).  The 
inunctions  are  practised  on  the  leg,  the  thigh,  the  forearm,  the  arm, 
the  abdomen,  and  the  chest — a  different  part  being  selected  each 
evening  in  the  order  named.  Woolen  underwear  of  a  thickness  to 
suit  the  season  should  be  worn.  On  the  seventh  day — i.  e.,  after  each 
series  of  six  inunctions — ^the  patient  takes  a  warm  bath.  A  mouth- 
wash consisting  of  a  3%  solution  of  potassium  chlorate,  or  a  weak 
alum  solution,  must  be  used  from  the  beginning  of  the  treatment. 

Less  agreement  has  been  reached  in  regard  to  the  questions:  (1) 
What  shall  be  done  in  those  cases  in  which  a  syphihtic  infection  is  not 
admitted  or  actually,  according  to  the  knowledge  of  the  patient,  has 
not  taken  place,  in  spite  of  several  symptoms  being  present  in  associa- 
tion with  disease  of  the  lungs,  which  make  a  pre^dous  syphilitic  infec- 
tion probable?  and  (2)  What  is  to  be  done  in  cases  in  which  a  syph- 
ilitic infection  is  known  to  have  taken  place  pre^dousl3^,  but  where  the 
affection  of  the  lungs  proves  to  be  tuberculous  beyond  doubt,  as 
tubercle  bacilli  are  present  in  the  sputa? 

In  answer  to  these  two  questions  we  are  justified  by  experience  in 
saying  that,  as  a  rule,  antisyphilitic  treatment  is  permissible ;  and  if 
Potain's  experience  goes  for  anything,  even  when  a  syphilitic  subject 
becomes  secondarily  infected  with  tuberculosis.  He  says:  "Even 
if  Koch's  bacillus  is  found  in  the  sputum,  the  syphilitic  process  must 
be  attacked  because  it  aggravates  the  symptoms.  It  increases  the 
already  existing  cachexia,  whereas  antiluetic  treatment  exerts  a' 
favorable  influence  on  the  syphilitic,  as  well  as  on  the  tuberculous 
pulmonary  manifestations.  Hence  a  syphilitic  suffering  from  tuber- 
culosis should  not  be  treated  for  his  tuberculosis  alone,  to  the  neglect 
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of  the  syphilitic  symptoms.  Of  the  two  diseases,  it  is  the  latter  that 
can  be  more  rapidly  modified  by  treatment,  and  it  must  be  prevented 
from  aggra\'atin<:;  the  tuberculous  condition.  By  curing  the  syphilis 
the  greatest  boon  is  conferred  on  a  patient  who  has  Koch's  jjacillus 
in  his  lungs.  Antisyphilitic  treatment  should  therefore  be  begun  at 
once,  even  if  the  syphilitic  manifestations  are  quite  insignificant." 

Howe^'er,  it  nuist  be  mentioned  that  Hiller  is  of  a  different  opinion. 
He  maintains  that  every  antisyphilitic  medication  is  more  or  less  harm- 
ful and  that  phthisical  patients  especially  are  generally  not  well  able 
to  bear  it.  In  44  patients  medication  could  be  carried  through  to 
the  end  (40  injections)  in  only  half  the  cases.  In  fact,  in  well-advanced 
cases  of  phthisis  the  effects  of  the  sublimate  were  absolutely  deleterious, 
especially  in  such  patients  as  were  continually  bedridden  and  feverish ; 
in  these  cases  it  promoted  debility,  and  in  several  instances  it  was 
materially  conducive  to  the  fatal  termination  of  the  disease. 

These  objections  do  not  appear  to  me  to  be  quite  valid.  It  is  true 
I  can  onh^  offer  one  observation  in  rebuttal,  but  it  ought  to  be  suffi- 
cient materially  to  weaken  these  weighty  objections  to  the  antisyph- 
ilitic treatment  of  notoriously  tuberculous  patients.  My  observation 
concerns  a  man,  twenty-four  years  of  age,  whom  I  treated  for  three 
years  for  severe  infiltration  of  the  apices  of  the  lungs  which  at  the  be- 
ginning was  accompanied  by  fever.  Numerous  tubercle  bacilli  were 
found  in  the  sputa.  Soon  after  the  onset  of  the  affection  a  pleuritis 
set  in  which  was  demonstrated  by  aspiration  to  be  serous,  and  the 
effusion  of  which  filled  almost  the  entire  left  side  of  the  thorax. 
After  several  weeks  it  disappeared  almost  entirely,  but  dulness  over 
the  apices  and  catarrhal  manifestations  continued  and  have  not 
quite  disappeared  yet.  But  in  spite  of  this  the  young  man  was  able, 
after  considerable  improvement  of  the  general  state  of  his  health  had 
been  brought  about  by  sending  him  to  health  resorts,  to  follow  his 
easy  occupation.  Then,  about  a  year  ago  he  became  infected.  After 
roseola  and  ulceration  of  the  pharynx  had  set  in,  a  thorough  in- 
unction treatment  was  carried  through  with  careful  consideration  of 
other  hygienic  conditions,  and  all  the  symptoms  of  syphilis  were  re- 
moved. He  lost  only  2  kilos  during  the  treatment,  and  made  this  loss 
good  in  a  short  time.  At  present,  six  months  after  the  treatment,  he 
is  rather  stronger  than  before  infection  took  place,  and  has  even  en- 
gaged in  a  profession  requiring  more  exertion. 
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PNEUMONOKONIOSIS. 

PATHOGENESIS. 

The  view  that  inhaled  dust  enters  into  the  pulmonary  tissue  has 
been  advanced  by  famous  authors  since  Pearson's  publication  in  1813. 
But  the  conclusive  power  of  the  observations  reported  by  him  was 
insufficient,  in  view  of  Henle's  doubts  and  Virchow's  investigations. 
The  former  declared  it  to  be  impossible  that  the  black  pigment  in 
the  lungs  should  consist  of  inhaled  soot  and  coal-dust  particles, 
because  then  it  could  not  be  explained  how  they  would  get  into  the 
bronchial  glands,  and  even  into  the  lymph-passages ;  and  Virchow,  by 
his  report  of  the  origin  of  pathologic  pigments,  made  the  view  un- 
tenable for  the  time  being.  He  based  his  investigation  of  their  pres- 
ence in  the  pulmonary  tissue  on  the  changes  that  occur  in  brown 
induration  in  consequence  of  cardiac  lesions,  and  believed  himself 
justified  in  regarding  the  finding  of  black  pigment  granules  in  the 
epithelial  cells  of  the  lungs  as  a  gradual  change  of  yellow  and  brown 
pigment  granules  which  are  found  in  other  cells. 

A  thorough  description  here  of  the  observations  which  were  made 
until  Virchow's  report  appeared  is  the  less  required,  as  they  are  ex- 
haustively reported  in  the  easily  accessible  treatises,  published  by 
von  Fenker,  Hirt,  Merkel,  and  dealing  with  those  scientific  works 
which  defend  the  penetration  of  coal-dust.  Neither  would  it  be  in 
keeping  with  the  object  of  this  work  to  present  the  extremely  abundant 
literature  of  this  subject,  and  it  may  therefore  be  permitted  to  start 
from  the  investigation  of  Traube,  who,  more  convincing  than  all 
former  ones,  has  brought  about  a  complete  change  of  opinion. 

In  Traube 's  case  the  sputum  consisted  of  a  small  number  of  gray, 
translucent,  punctate  balls  which  contained,  besides  numerous  mucus- 
corpuscles,  a  fair  number  of  larger  cells,  filled  with  black  molecules, 
and  an  abundance  of  black  particles  which  were  not  inclosed  in  cells. 
These  black  bodies  showed  a  sharply  defined,  angular,  but  at  the  same 
time  irregular  shape  throughout.  This  fact  and  the  considerable  size 
of  many  of  these  forms  suggested  the  thought  that  it  was  not  a 
question  of  black  pigment,  but  possibly  of  inhaled  coal-dust.  The 
patient,  upon  inquiry,  stated  that  for  the  last  twelve  years  he  had 
iDeen  engaged  in  loading  and  unloading  charcoal.  At  the  autopsy  the 
cut  surface  of  both  lungs,  except  in  a  few  places,  was  of  a  uniformly 
black  color,  smooth  throughout,  glistening,  and  as  soft  to  the  touch 
as  normal  pulmonary  parenchyma.  On  pressure  a  frothy  serous  fiuid, 
at  some  places  very  copious,  exuded  everywhere.  It  was  of  a  black 
color  and  stained  the  finger  like  inferior  black  water-color.  No  bands 
of  newly  formed  connective  tissue  or  indurations  were  anywhere  to 
be  seen,  which  later  was  confirmed  by  the  microscope. 

The  examination  of  the  black  fluid  discharged  from  the  cut  surface 
of  the  lungs  showed :  (a)  The  same  manifold  formations  of  black  and 
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red  particles  which,  during  HtV,  had  bocn  found  in  the  sputum;  (h) 
black  gl()l)ules  of  different  sizes,  many  of  them  ftve  to  six  times  larger 
than  conunon  pulmonary  epithelia,  consisting  of  a  dense  aggrega- 
tion of  the  described  black  particles ;  (c)  single  cells,  resembling  pul- 
monary epithelia  in  form  and  size,  in  which,  besides  the  nucleus, 
smaller  and  larger  black  angular  bodies  were  present  which  some- 
times were  as  long  as  the  largest  diameter  of  a  cell. 

The  microscopic  examination  of  the  smallest  particles  of  common 
charcoal  showed  an  absolute  conformity  with  the  bodies  found  in 
the  sputum  and  in  the  lungs. 

]'>om  his  investigations  Traube  concludes:  (1)  That  bodies,  usu- 
ally foreign  to  the  organism,  may  have  penetrated  into  the  cells 
without  causing  their  disintegration  or  even  any  noticeable  changes; 
(2)  that  the  penetration  of  the  sharp  bodies  has  occurred  because 
particles  which  are  driven  by  the  inspiratory  air-current  enter  the  al- 
veoli with  a  certain  velocity  and  are  very  apt  to  perforate  the  oppos- 
ing cellular  walls ;  (3)  as  many  people  continually  live  in  an  atmos- 
phere loaded  with  coal-dust  without  showing  any  symptoms  of 
bronchial  or  pulmonary  disease,  another  circumstance  must  exist 
to  cause  the  aggregation  of  fine  particles  in  the  alveoli  of  the  lungs. 
In  this  case  the  fact  that  the  patient  had  been  suffering  from  bron- 
chial catarrh  before  he  worked  in  the  coal-yard  led  to  the  inference 
that  possibly  a  disturbance  of  the  ciliary  motion  represented  the 
second  condition. 

Maurice  declares  likewise  that  the  aggregation  of  black  pigment 
in  the  lungs  consists  of  coal,  and  is  caused  by  the  direct  entrance  of 
coal-dust,  not  by  a  secretion  from  the  blood.  After  reviewing 
the  history  and  the  autopsy  of  a  coal-laborer  whose  lungs  were 
interspersed  with  numerous  hard,  miliary  nodules,  he  arrives  at 
the  remarkable  result  that  while  the  entrance  of  coal-dust  into 
the  lungs  is  borne  out  by  the  autopsy  in  all  coal-miners,  the  quan- 
tity is  rarely  as  abundant  as  in  the  case  reported.  The  reason 
for  this  is  found  in  the  presence  of  miliary  tuberculosis,  which  de- 
creases the  elasticity  of  the  pulmonary  vesicles  in  the  neighborhood  of 
the  nodules,  and  thereby,  first,  interferes  mth  the  renewal  of  the  air, 
and  favors  the  depositing  of  the  inhaled  coal-dust;  and,  secondly,  in- 
hibits the  expulsion  of  the  deposited  coal.  For  this  reason  the  densest 
deposits  of  coal  were  found  in  the  neighborhood  of  the  tubercles. 

Furthermore  it  was  possible  to  demonstrate  the  entrance  of  coal- 
dust  into  the  pulmonary  parenchyma,  its  penetration  into  the  pul- 
monary alveoli,  and  its  presence  in  the  bronchial  glands  in  the  case 
reported  by  Leuthold  from  Traube 's  clinic.  But  here  cavities  in 
the  upper  lobe  of  the  lungs  and  miliary  nodules  were  also  foimd. 
An  etiologic  reference  of  the  aggregated  coal  particles  to  the  pathologic 
changes  had  to  be  excluded. 

Now,  Virchow  also,  in  connection  with  the  unsuccessful  experi- 
ment of  Koschlakoff  to  demonstrate  by  chemical  means  differences 
between  inhaled  coal-dust  and  locally  originated  pigments,  and  with 
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Traube's  observation,  expressed  the  opinion  that  larger  fragments 
of  vegetable  coal  might  penetrate  into  the  alveoli  and  ''accumulate 
there  to  the  utmost."  The  absolutel)^  characteristic  forms  of  this 
charcoal  preclude  any  error;  from  that  moment  on  he  had  no  more 
doubts  that  there  existed  a  real  anthracosis  of  the  lungs.  Since  then 
he  had  several  times  the  opportunity  of  seeing  similar,  although 
not  quite  as  pronounced  cases;  and  after  these  experiences  he  de- 
clared it  to  be  not  only  very  probable  that  all  these  sharp,  angular, 
large  bodies,  which  he  formerly  took  for  black  crystals,  are  fragments 
of  charred  wood-  or  vegetable  cells,  but  he  also  inclined  to  ascribe 
some  of  the  fine,  granular,  black  pulmonary  pigment  to  the  soot 
and  smoke  of  burning  black  bodies,  after  he  had  repeatedly  ob- 
served the  change  of  fine  coal-dust  into  catarrhal  cells.  This,  how- 
ever, does  not  prevent  him  from  excepting  those  pigments  in  w^hich 
yellow  and  brown  granules  gradually  turn  into  black  ones,  as  is  the 
case  in  extravasation  into  the  lungs,  sometimes,  it  is  true,  besides  in 
connection  with  anthracosis.  Even  now  he  pronounces  brown  indura- 
tion to  be  the  most  convincing  proof  of  this  process.  Consequently  he 
makes  a  distinction  between  anthracosis  proper  and  pigmentation  of 
the  lungs. 

A  valuable  furtherance  of  the  much  discussed  question  was  reached 
by  observation  of  cases  in  which  the  deposit  of  other  kinds  of  dust  in 
the  pulmonary  tissue  had  recurred  and  the  presumption  was  precluded 
that  they  might  have  arisen  in  the  organism.  Zenker  had  a  chance 
to  examine  the  lungs  of  a  working-girl  who  in  her  occupation  with. 
red  paint  had  for  about  seven  years  inhaled  dust  of  oxid  of  iron.  Both 
lungs  were  colored  an  intense  brick-red.  The  cut  surface  appeared 
as  a  uniform,  fine  cellular,  red  meshwork.  The  bronchi  also  con- 
tained some  of  the  coloring  mass  which  was  discharged  from  the  cut 
surface  as  a  turbid  brick-red  fluid.  In  all  lobes  of  both  lungs  were 
scattered  numerous  fibrous  nodes,  from  the  size  of  a  pinhead  to  that 
of  a  pea,  some  even  larger,  of  j^ellowish-gray  color  on  the  cut  surface, 
which  were  interspersed  with  smaller  and  larger  brick-red  spots  and 
partly  showed  black  spots.  Furthermore,  all  the  pulmonary  lobes, 
except  the  middle  one,  contained  irregular  sinuate  cavities.  Brick- 
red  spots  appeared  in  the  finest  bronchi,  and,  according  to  the  micro- 
scopic examination,  were  formed  by  dense  granular  deposits  in  the 
deeper  layer  of  the  bronchial  wall,  while  the  superficial  layer  was 
not  stained.  The  bronchial  glands  at  the  bases  of  both  lungs  were 
of  normal  size,  mostly  black  near  the  center  and  intensely  red  on 
the  surface.  "The  most  abundant  deposits  w^ere  found  in  the  alveo- 
lar epithelia — the  interalveolar  septa  were  free — furthermore  in  the 
lobular  and  infundibular  septa,  in  the  sheaths  of  the  finer  bronchi, 
in  the  subpleural  connective  tissue,  and  in  the  lower  layer  of  the  pleura 
itself.  Therefore  the  dust  particles  after  their  penetration  of  the 
alveolar  wall  proceed  in  these  connective-tissue  parts  even  as  far  as 
into  the  pleura.'' 

Zenker  is  inclined  to  consider  the  described  nodes  and  cavities 
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to  be  a  coasequence  of  the  damage  to  the  tissue  by  the  inhaled  oxid 
of  iron  dust. 

His  designation  "  pneunionokoniosis''  for  the  pulmonary  changes 
brought  about  by  different  kinds  of  dust  has  probably  been  univer- 
sally accepted. 

In  addition  to  coal-dust  (anthracosis)  and  that  of  iron-dust 
(siderosis),  another  kind  of  dust  is  to  be  considered,  which,  as  a 
fact,  represents  a  mixture  of  different  kinds  of  inorganic  substances, 
but,  on  account  of  the  prevailing  stone-dust,  is  called  chalicosis  pul- 
monum.  According  to  Merkel,  this  kind  of  pneumonokoniosis  is  one 
of  the  first  dust-inhaling  diseases  which  was  carefully  observed  and 
reported.  As  early  as  1703  Ramazzini  reported  the  autops}^  of 
such  a  case,  and  the  first  po.sitive  proof  of  deposited  dust-molecules 
was  produced  in  1860  by  Peacock.  He  microscopically  demonstrated 
the  quartz  particles  in  the  ashes  which  were  extracted  by  muriatic 
acid.  Kussmaul  demonstrated  in  the  lungs  of  a  stone-cutter,  which 
in  a  characteristic  manner  showed  the  s\Tnptonis  of  chronic  bronchitis 
with  melanotic  consolidation  of  the  tissue,  three  times  as  large  a  quan- 
tity of  sand  as  is  usualh'  contained  in  the  lungs  of  adults  who  do  not 
"work  in  stone." 

Lateh'  Woskressencky  has  demonstrated  that  sand  as  well  as  coal 
particles  are  present  in  the  lungs  of  all  men.  It  gets  in  from  the  air 
into  the  limgs;  its  quantity  depends  upon  the  occupation  and  is  in 
proportion  to  the  age.  The  lungs  always  contain  less  silicic  acid  than 
the  bronchial  glands. 

In  a  miller,  sixty-five  years  of  age,  the  proportion  of  silicic  acid  in 
the  lungs  to  ashes  in  the  glands  was  as  33.7%  to  55.6%  ;  in  a  soldier, 
twenty-five  years  of  age,  it  was  as  7.3%  to  34.4%. 

It  is  obviously  bej'ond  the  pro\dnce  of  this  treatise  to  give  a 
statement  of  those  professions  which  may  cause  an  affection  of  the 
lungs  by  inhalation  of  different  kinds  of  dnst ;  the  text -books  of  trade- 
hygiene,  of  which  those  of  Hirt  and  Merkel  deserve  to  be  mentioned 
before  all,  give  a  very  explicit  report  of  the  same.  We  shall  merely 
consider  the  leading  standpoints  for  judging  of  the  pathogenesis  of 
the  affection.  Therefore  it  shall  only  be  mentioned  that,  before  all, 
the  observations  reported  in  1866  by  Greenhow  of  pulmonary  changes 
in  a  stone-cutter  and  in  a  potter  belong  here,  also  the  cases  in  which 
the  dust  of  soapstone  is  inhaled  in  w^orking  up  soapstone  into  gas- 
burners,  of  which  Merkel,  Thoral,  and  others  have  reported. 

On  account  of  its  conspicuous  importance  for  the  origin  of  acute 
inflammatory  changes  of  the  lungs,  the  inhalation  of  Thomas  phos- 
phate deserves  exhaustive  consideration. 

Ehrhardt,  in  his  report,  which  is  fundamental  for  this  subject, 
justly  opines  that  the  considerable  amount  of  dust  which  is  caused  by 
the  manufacture  of  phosphorus-meal  out  of  Thomas  slags,  not  only  by 
its  quantity  but  also  and  principally  by  its  chemical  composition,  be- 
comes an  absolutely  harmful  agent  for  the  laborers  who  work  in  the 
dusty  atmosphere.     As  physician  in  one  of  the  extensive  establish- 
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ments  for  the  manufacture  of  this  phosphorus-meal,  he  became  con- 
vinced that  no  laborer  had  worked  in  these  factories  without  more 
or  less  harm  to  his  respiratory  organs.  As  a  consequence  mostly 
severe  pneumonias  appeared,  the  frequency  of  which — during  the 
first  five  months  of  the  works  being  operated,  48%;  during  the  fol- 
lowing year,  1888,  25.5%;  and  in  1889,  21.5%  of  all  their  men- 
proved  in  itself  the  detrimental  effect  of  the  inhaled  dust.  Still  more 
convincing  is  the  fact  that  absolutely  healthy  laborers  who  commenced 
to  work  in  these  factories  were  attacked  by  this  inflammation  of  the 
lungs  after  scarcely  two  weeks,  and  again  others  who  had  overcome 
such  an  inhalation  pneumonia,  shortly  after  their  re-entrance  into 
this  dust  atmosphere  were  again  attacked  by  the  disease,  sometimes 
as  often  as  four  times  in  succession. 

The  course  of  the  disease  is  a  very  unfavorable  one ;  6  died  out  of 
20  who  were  affected  by  pneumonia. 

If,  however,  Ehrhardt  considers  the  purely  chemical  element  to  be 
of  influence  in  the  origin  of  the  disease,  and  concludes  therefrom  that 
the  pathogenesis  of  croupous  pneumonia  from  a  purely  bacteriologic 
point  of  view  cannot  be  sustained,  I  cannot  agree  with  him.  The 
absence  of  Diplococcus  pneumoniae  does  not  prove  that  the  origin  of 
the  disease  was  purely  chemical.  In  fact,  after  inA'estigating  the 
clinical  report  of  the  twent}^  cases  described,  and  in  consideration 
of  the  results  of  the  four  autopsies,  I  would  have,  not  exactly  ex- 
cluded, but  surely  not  presumed  the  finding  of  the  Fraenkel-Weich- 
selbaum  diplococcus,  because,  according  to  their  clinical  and  anatomic 
course,  these  cases  are  not  to  be  considered  to  be  croupous  pneumo- 
nia, but  atypical  pneumonia,  as  described  on  page  579. 

During  his  observations  in  the  Thopias  phosphate  mill,  situated 
at  Ruhrort  am  Rhein,  Greifenhagen  found  that  the  workmen  em- 
ployed in  the  mill  were  very  frequently  attacked  by  pneumonia, 
especially  before  certain  precautions  were  taken  to  prevent  the  ex- 
cessive development  of  dust. 

The  Thomas  phosphate  slag  contains,  in  addition  to  24%  iron 
protoxid  and  small  quantities  of  oxid  of  iron,  about  8%  of  free  un- 
slaked lime,  40%  of  phosphate  of  lime,  and  30%  of  silicate  of  lime; 
but,  according  to  his  belief,  neither  the  chemical  action  of  the  quick- 
hme  nor  that  of  the  phosphate  of  lime  had  anything  to  do  with  the 
production  of  the  disease.  Nor  does  he  pretend  to  say  whether  any 
injurious  influence  is  to  be  ascribed  to  the  silicate  of  lime  which  is 
very  readily  decomposed,  even  with  carbonic  acid,  and  when  thus 
broken  up  forms  a  gelatinous  mass  similar  to  lime  which,  mixed 
with  mucus,  might  easily  exclude  the  air  from  porous  bodies  like  the 
alveoli  of  the  lungs.  He  is  rather  inclined  to  seek  the,  deleterious 
properties  of  the  pulverized  slag  in  its  morphology,  in  ''the  tendency 
of  the  smallest  dust  particles  to  adhere  mechanically  [to  the  tissues. 
— Ed.]  and  to  set  up  a  constant  scratching  and  irritation." 

Enderlen  has  made  experimental  investigations  of  the  effects  of 
Thomas  phosphate  meal  upon  the  lungs,  in  connection  with  an  exaini- 
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nation  of  the  lungs  of  two  nion  who  cUcd  of  pneumonia  caused  by  the 
inhalation  of  Thomas  slag-dust.  In  the  first  of  these  cases  he  found  in 
the  cover-glass  preparations,  taken  from  the  right  pneumonically 
affected  lung,  lanceolate  cocci  which  were  provided  with  capsules. 
Mice  died  when  inoculated  with  the  pulmonary  fluid;  numeroiis 
lanceolate  cocci  \\'ith  capsules  were  founrl  in  the  blood,  in  the  liver  and 
spleen.  When  treated  with  iodid  of  potash,  they  were  not  decolorized. 
Therefore  they  were  Fraenkel-Weichselbaum  cocci.  The  sections 
showed  the  typical  picture  of  croupous  pneumonia;  numerous 
pneumococci  were  present  in  the  alveoli,  which  were  densely  filled 
with  fibrin.  In  cover-glass  preparations  of  the  second  case,  in  which 
also  the  right  lung  was  affected,  bacilli  were  found  in  addition  to 
pneumococci.  In  the  sections  again  pneumococci  could  be  demon- 
strated by  Weigert's  fibrin  method. 

His  investigations  of  the  consequences  of  experimental  inhalations 
of  Thomas  slag-dust  showed  that  it  causes  an  irritation  of  and  injury 
to  the  pulmonary  tissue  consisting  of  an  interstitial  inflammation 
which  temporarily  abolishes  the  function  of  several  alveolar  groups. 
He  assumes  that  the  loss  of  fimction  may  become  permanent  in  a 
long  duration  of  the  experiment  by  the  shrinking  of  the  tissue  which 
forms  in  the  interstices.  His  failure  to  produce  the  disease  that 
he  was  trying  to  produce, — namely,  croupous  pneumonia, — even 
when  the  inhalation  was  followed  by  an  injection  of  pneumonia-juice 
into  the  rabbit's  trachea,  may  be  attributable  to  the  fact  that  pneu- 
mococcus  infection  in  animals  is  followed  by  septicemia  and  not  by 
a  local  reaction.  In  the  case  of  man,  however,  he  assumes  that  the 
dust  of  Thomas  phosphate  slag  acts  both  mechanically,  by  reason 
of  the  sharp,  angular  constituents,  and  chemically,  by  reason  of  the 
caustic  (unslaked)  lime,  and  the  injury  to  the  pulmonary  tissue  thus 
produced  pro\ddes  a  favorable  soil  for  the  multiplication  of  the 
pneumococci. 

Loeb,  too,  had  the  opportunity  of  examining  a  considerable  nimi- 
ber  of  rabbits  which  were  for  a  longer  or  shorter  time  exposed  to  an 
atmosphere  of  Thomas  phosphate  meal-dust.  He  came  to  the  conclu- 
sion that  the  pneumonia  produced  in  these  animals  was  not  originated 
by  bacteria,  but  by  the  partly  chemical,  partly  mechanical,  influence 
of  the  phosDhate  meal.  Witliin  the  affected  parts  multi-nucleated  cells 
in  large  quantities  w^re  present  in  the  pulmonary  parenchyma  as  well 
as  between  the  alveoli.  They  w^re  of  an  irregular  form  and  con- 
tained dust  or  iron  particles.  Their  nuclei  were  ranged  against 
the  walls  and  were  well  stained  with  basic  stains,  contrary  to  the  cen- 
tral part  of  the  cell,  which  preserved  a  yellow  color.  At  the  edges 
colloid  masses  projected  here  and  there  in  the  form  of  vesicles.  The 
whole  condition  showed  some  resemblance  to  the  changes  in  genuine 
desquamative  pneumonia  as  reported  by  Buhl. 

In  ^dew  of  the  importance  for  the  pathogenesis  of  dust  inhala- 
tions of  the  changes  produced,  I  have  also  made  experiments  with 
Thomas  phosphate  meal..    Dissolved  in  water,  it  was  injected  into 
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the  trachea  of  rabbits  with  a  Pravaz  syringe.  I  shall  report  the 
results  later  on  at  the  proper  place,  and  shall  now  discuss  a  very 
important  point  in  pneumonokoniosis — namely: 

THE  ENTRANCE  OF  DUST  INTO  THE  PULMONARY  TISSUE. 

To-day  we  may  consider  the  fact  to  be  finally  proved  that  inorganic 
dust  particles  suspended  in  the  air  may  penetrate  into  the  pulmonary 
tissue  and  remain  there.  It  will  not  be  the  question  of  organic  dust 
particles  or  such  as  consist  of  dead  organic  substances,  the  inhala- 
tion of  which  belongs  mostly  to  the  sphere  of  the  already  described 
aspiration  pneumonia.  There  cannot  be  any  more  doubt  that  the 
quantity  of  the  dust  particles  inhaled  must  be  proportionate  to  the 
quantity  of  dust  in  the  air;  hence  the  kind  of  dust  which  is  present 
in  the  lungs  depends  upon  the  individual's  occupation  and  the 
formation  of  dust  connected  with  the  same.  It  remains  now  to  discuss 
and  to  prove  the  manner  in  which  the  dust  enters  the  lungs  and 
deposits  itself  there,  and  whether  and  how  it  penetrates  from  there 
into  the  pulmonary  tissue. 

Villaret  is  the  only  one  who  upholds  the  theory  that  the  coal- 
dust  existing  in  the  lungs  is  not  inhaled,  but  is  brought  into  the 
lungs  and  the  bronchial  glands  from  the  digestive  tract  with  the  cir- 
culating blood  of  the  portal  vein.  The  experiments  referring  to  this 
cannot  very  well  be  regarded  as  convincing.  None  of  the  later 
investigators  agreed  with  him.  They  aU  agree  that  the  dust  is  inhaled 
through  the  larger  bronchi,  finding  its  way  thence  into  the  lungs. 
Traube  is  of  the  opinion  that  the  particles,  driven  in  b}^  the  inspiratory 
air-current,  reach  the  alveoli  with  a  certain  ^^locity  and  perforate 
the  opposite  cell- walls.  Kuborn  simply  says  that  the  coal  particles 
perforate  the  alveoli  of  the  lungs,  penetrate  into  the  interstitial  tissue, 
and  from  there  are  admitted  into  the  h^mph- vessels  and  deposited  in 
the  lymph-glands.  Lewin  merely  mentions  that  the  coal  particles 
succeed  in  getting  into  the  lungs  mechanically. 

In  regard  to  the  motive  force  that  enables  the  particles  of  coal- 
dust  to  penetrate  the  pulmonary  tissue,  Rindfleisch  believes,  in  view 
of  the  improbability,  not  to  say  impossibility,  of  the  particles  of  coal 
detaching  themselves  again  from  the  alveolar  wall,  that  they  are 
carried  off  by  the  extra  vascular  nutritive  juices  (the  ultimate  lymph- 
stream)  and  eventually  enter  the  lymphatic  stream.  In  their  passage 
through  the  lymphatics  they  occasionally  meet  cellular  elements  which 
possess  the  property  of  permanently  fixing  small,  solid  bodies  in 
their  protoplasm.  These  elements  include  both  the  spindle-shaped 
connective-tissue  cells,  and  the  wandering,  ameboid  cells  which  are 
also  present  in  the  pulmonary  tissue,  and  carry  the  black  pigment 
that  they  have  absorbed  with  them  wherever  they  go.  The  remainder 
of  the  pigment,  that  which  has  not  been  absorbed  by  cells  in  its 
passage  through  the  lymphatics,  is  carried  to  the  root  of  the  lung 
and  enters  the  mediastinal  lymph-glands. 
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Direct  injury  of  tho  tissuo  by  tho  entoi'ing  dust  particle  is  out  of 
the  question,  as  Hirt  correctly  argues  from  the  fact  that  not  only 
sharp,  angular  bodies,  like  particles  of  charcoal,  for  instance,  but  also 
spherical,  perfectly  harmless  particles  of  oxid  of  iron,  for  instance, 
are  found  in  the  alveoli.  The  present  state  of  our  knowledge,  he 
says,  compels  us  to  adopt  the  explanation  that  the  tissue-elements 
are  merely  forced  apart  by  the  entrance  of  the  dust  particles,  without 
being  injured,  and  at  once  unite  again  and  close  the  momentary  open- 
ing after  the  foreign  body  has  passed  through — a  mechanism  to 
which  the  term  "penetration"  has  been  applied  by  Robin. 

Knauff  believes  that  the  passage  of  particles  of  coal-dust  from 
the  surface  of  the  alveoli  into  the  parenchyma  necessitates  the  assump- 
tion of  a  free  communication,  which,  however,  cannot  be  demon- 
strated objectively.  This  path,  whatever  it  may  be,  is  followed  not 
only  by  the  free  particles  of  coal-dust,  but  also  by  the  epithelial  cells 
that  carry  carbonaceous  pigment  and  enter  the  deeper  layers  of  the 
tissue.  These  cells  enter  the  h^mphatic  system,  and  eventually 
reach  the  lymph-glands  by  way  of  the  lymphatic  trunks.  Some  of 
them,  however,  escape  from  the  lymph-stream  and  enter  some  cleft 
in  the  tissues  outside  the  lumen  of  the  lymphatic  trunk,  where  they 
stick  fast. 

According  to  Buhl,  the  deposition  of  various  kinds  of  dust — 
such  as  iron,  coal,  silicum,  and  lime — not  only  in  the  pulmonary, 
but  also  in  the  laryngeal  and  bronchial  tissue,  where  it  is  also  found 
at  times,  is  most  readily  explained,  especially  in  the  case  of  the  pul- 
monary tissue,  on  the  assumption  that  the  alveolar  epithelium  repre- 
sents a  layer  of  lymphatic  endothelium  lining  the  inner  surface  of 
the  alveolar  wall.  If  the  alveoli  are  regarded  as  lymph-spaces,  it 
is  possible  to  suppose  that  aspirated  dust  particles  are  carried  along 
by  the  tissue-juices,  or  the  movable  cells  contained  in  it,  and  deposited 
by  the  way  or  at  some  remote  point. 

Stavjansky  injected  an  emulsion  containing  cinnabar,  ultra- 
marine, indigo,  and  coal  into  the  lungs  through  a  tracheal  wound. 
The  pulmonary  alveoli  contained  a  moderately  large  number  of 
cellular  elements,  the  majority  of  which  resembled  white  blood-cor- 
puscles, and  were  filled  with  cinnabar  granules ;  but  the  alveolar  epi- 
thelia  also  contained  cinnabar.  That  these  cells  were  white  blood- 
corpuscles  he  concludes  from  the  fact  that  in  synchronously  injecting 
cinnabar  into  the  blood  through  the  jugular  vein,  and  indigo  into 
the  lungs  through  the  trachea,  he  found  cells  in  the  alveoli  which 
contained  cinnabar  and  indigo  at  the  same  time. 

Von  Ins  is  very  positive  in  maintaining  that  all  the  cinnabar  parti- 
cles w^hich  are  in  the  alveoli  are  absorbed  by  white  blood-corpuscles 
and  carried  into  the  pulmonary  tissue  from  the  alveoli,  passing  through 
the  projecting  edges  which  separate  the  entrance  of  the  different  alveoli 
into  the  infundibula,  exactly  at  the  junctions  of  these  edges.  Most 
likely  there  are  open  passages  which  lead  from  the  alveoli  into  the 
stroma. 
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Ruppert  deduces  from  his  experiments  the  diametrically  opposite 
conclusion  that  the  dilst  in  the  alveoli  is  in  part  taken  up  by  epithelial 
cells,  and  in  part  enters  the  tissue  in  the  free  state,  just  as  it  was 
inhaled — i.  e.,  without  being  contained  in  cells.  Transportation  by 
ameboid  cells,  if  it  occurs  at  all,  must  be  very  limited.  The  presence 
of  cells  containing  dust  in  the  tissue  of  the  alveolar  septa  is  simply 
an  artefact  due  to  incorrect  methods  of  investigation. 

Schottelius,  again,  assumes  a  participation  of  the  alveolar  epithe- 
lium, and  of  the  white  blood-corpuscles  which  had  entered  the  alveoli, 
in  the  absorption  of  the  dust,  and  believes  that  the  latter  are  respon- 
sible for  carrying  the  dust  into  the  tissue. 

Arnold,  after  numerous  experiments  and  observations,  also  be- 
lieves that  the  inhaled  dust  gets  into  the  pulmonary  tissue  either 
as  such, — i.  e.,  A\dthout  being  bound  to  cells, — or  is  absorbed  by 
lymphoid,  or  even  by  epithelial  cells  and  transferred  into  the  stroma. 
While  but  few  dust  particles  are  found  in  the  alveolar  wall,  they  are 
more  plentiful  in  the  inter-  and  peri-infundibular  connective  tissue, 
and  most  abundant  in  the  peribronchial  and  perivascular  connective 
tissue.  But  the  deposition  of  dust  does  not  always  occur  in  the  direc- 
tion of  the  tissue-juice  and  lymph-current.  If  one  considers  that 
most  of  the  dust  generally  lies  mthin  the  alveoli,  from  where  it  can  be 
transferred  only  to  the  lymphatic  vessels  through  the  system  of 
lymph  clefts,  the  presumption  seems  to  be  most  correct  that  the  dust, 
which  accumulates  in  the  neighborhood  of  the  lymphatic  vessels,  or 
at  least  most  of  it,  has  been  brought  there  by  the  lymph  clefts  and 
not  by  the  lymphatic  vessels. 

It  is  very  remarkable  that,  in  all  experiments  attempting  to  ex- 
plain the  introduction  of  dust  into  the  lungs  chiefly  or  exclusively 
by  the  importation  from  the  alveoli,  with  or  without  intervention  of 
the  cells,  one  fact  has  been  almost  entirely  overlooked :  the  size  of  the 
dust-corpuscles  which  are  found  in  the  pulmonary  tissue.  Only 
Merkel  takes  this  fact  into  consideration,  and  concludes  from  it  that 
the  entrance  of  dust  particles  cannot  be  effected  exclusively  by 
cells;  for  one  finds  splinters  principally  of  charcoal,  so  large  as  to 
preclude  a  transportation  through  cells,  at  places  of  the  pulmonary 
tissue  which  correspond  neither  to  obliterated  alveoli  nor  to  obliter- 
ated bronchioles. 

I  am  in  a  position  to  confirm  this  observation,  and  to  add  that  dust 
particles  are  occasionally  found  within  the  pulmonary  tissue  which 
even  exceed  the  alveoli  in  size,  and  cannot  therefore  have  entered 
the  pulmonary  tissue  by  way  of  the  alveoli,  but  must  have  penetrated 
the  wall  of  a  bronchus.  How  the  passage  through  the  bronchial 
wall  is  effected  is  still  a  mystery,  and  this  is  probably  the  reason  why 
the  fact  itself  has  never  received  the  attention  it  deserves.  The 
explanations  offered  by  Traube  and  Lewin  cannot  be  accepted  as 
final. 

Another  fact  of  essential  importance  for  explaining  the  processes 
in  dust  inhalation,  which  has  not  received  the  attention  it  deserves  is 
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the  occurrence  of  pigment — ?".  c,  of  dust — in  the  costal  pleura.  Vir- 
chow  was  the  first  to  demonstrate  the  presence  of  pigment  at  this 
place,  and  used  it  in  support  of  his  earlier  opinion  that  black  pigment 
in  the  organism  originates  from  hemoglobin.  He  says:  "The  char- 
acter of  this  pigment  has  given  rise  to  a  great  deal  of  argument, 
which  would  not  have  been  necessary  if  it  had  only  been  ascertained 
that  the  black  pigment  is  found  between  the  elastic  fibers  in  the 
parenchyma  proper  of  the  lungs  and  even  outside  of  the  pulmonary 
lobules  in  the  connective  tissue  that  forms  the  septa:  in  fact,  that 
it  exists  not  onlv  in  the  lungs,  but  sometimes  in  the  costal  pleura 
as  well." 

Furthermore,  it  was  demonstrated  by  experiments  that  corpuscu- 
lar elements  entering  from  the  outside  may  penetrate  into  the  costal 
pleura  through  the  respiratory  tract.  Fleiner  reports  an  anthracosis 
which  was  produced  experimentally  by  Arnold,  and  in  which  the 
pseudomembranes  between  the  very  anthracotic  parietal  and  "\asceral 
layers  of  the  pleura  contained  large  accumulations  of  coal,  such  as  to 
leave  no  doubt  that  the  coal  was  transferred  from  the  pulmonary  to 
the  costal  pleura  by  the  agency  of  the  pseudomembrane.  His 
own  experiments  further  proved  the  fact  that  in  a  few  minutes' 
time  corpuscular  elements  are  taken  up  from  the  pleural  ca^dty  and 
forwarded  in  the  lymph-passages  of  the  pleura,  or  deposited  in  the 
Ij'mphatic  apparatus  and  regional  lymphatic  glands.  But  the  pseudo- 
membranes  with  their  numerous  newly  formed  lymph-passages  are 
not  the  only  avenues  for  the  migration  of  inhaled  dust  from  the  pul- 
monary alveoli  into  the  pleura.  Fleiner  assumed  that  the  pleural  and 
subplemal  lymph  nodules  described  by  Arnold  secrete  the  dust  in  the 
pleura.  In  the  autopsj^  of  elderly  persons  it  can  be  demonstrated 
that  coal  particles  are  carried  from  the  surface  of  the  limgs  to  the  cos- 
tal pleura  solely  by  bands  of  pseudomembranous  connective  tissue. 

Grawitz  has  made  some  valuable  investigations  in  connection  with 
the  mechanism  of  dust-inhalation.  Selecting  a  large  nmiiber  of 
young  individuals,  who  had  not  been  particularly  exposed  to  a  dust- 
laden  atmosphere  during  life,  he  made  microscopic  examinations  of 
the  costal  pleura  and  found  in  it  three  kinds  of  pigment  which  proved 
to  be  (1)  particles  of  coal-dust,  (2)  iron-dust,  and  (3)  amorphous 
derivatives  of  hemoglobin.  In  the  hope  of  learning  how  the  particles 
of  dust  had  reached  the  costal  pleura,  he  insufflated  charcoal-dust, 
iron-dust,  and  cinnabar  into  the  lungs  of  rabbits  through  a  tracheal 
wound,  and  found  scattered  particles  of  dust  in  the  costal  pleura 
as  early  as  twenty-four  hours  after  the  insufflation.  To  decide  the 
question  whether  these  particles  reached  the  plem-a  from  the  hilum 
of  the  lung,  he  produced  a  pneumothorax  on  the  animals,  and  now 
blew  the  same  kinds  of  dust  into  the  trachea.  On  the  side  of  the 
pneumothorax  the  parietal  layer  of  the  pleura  did  not  show  a  trace 
of  pigment  deposit.  He  therefore  concludes,  the  same  as  Fleiner, 
that  an  actual  migration  of  dust  particles  takes  place  from  the  pulmo- 
nary to  the  costal  pleura.     I  repeated   these  experiments,  injecting 
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with  the  Pravaz  syringe  cinnabar  solutions — which  I  first  filtered 
through  linen  to  detain  larger  particles — into  the  unopened  trachea. 
I  found  in  a  rabbit  which  was  killed  two  days  after  the  injection, 
besides  small  areas  of  cinnabar  in  the  lower  lobe,  two  accumulations 
of  cinnabar  below — i.  e.,  outside  of  the  costal  pleura.  One  was  as 
large  as  a  pinhead ;  the  other,  close  by,  had  the  form  of  a  line  about 
3  mm.  long.  But  there  were  no  adhesions  between  the  costal  and 
the  pulmonary  pleura. 

Supported  by  the  material  on  hand,  I  shall  try  to  give  an  explana- 
tion of  the  processes  in  dust  inhalations  which  shall  do  better  justice 
to  the  facts  than  has  heretofore  been  done. 

An  adequate  explanation  is  still  lacking  for  the  well-known  fact 
that  comparatively  few  particles  of  dust  are  found  in  the  alveoli  of 
cadavers,  either  in  human  subjects  who  have  been  exposed  to  an 
atmosphere  charged  with  the  corresponding  variety  of  dust,  and  have 
therefore  inhaled  it,  or  in  animals  in  which  an  artificial  pneumono- 
koniosis  has  been  induced. 

Another  circumstance  that  has  never  been  explained  is  that, 
although  most  authorities  assume  a  direct  transportation  of  the  dust 
particles  from  the  alveoli  into  the  pulmonary  tissue,  the  least  dust  is 
found  in  the  interstices  between  the  alveoli, — according  to  some 
authors,  they  are  entirely  free  from  dust, — while  it  is  found  in  abun- 
dance in  the  interlobular,  and  even  more  plentifully  in  the  peribron- 
chial and  in  the  perivascular  tissue,  and  always  outside  of  the  cells. 

Finally,  how  can  it  be  explained  that  inhaled  dust  particles  pene- 
trate through  the  pulmonary  pleura  into,  and  even  below,  the  costal 
pleura? 

Regarding  the  first  point,  we  may  start  with  the  fact  that  dust- 
molecules  are  absorbed  by  the  protoplasm  of  cells  which  are  present 
in  the  alveoli.  Probably  this  is  done  with  all  particles  that  get  into 
the  alveoli  and  are  not  larger  than  the  cells  themselves.  In  human 
lungs,  at  least,  I  have  always  found  in  the,  I  may  say,  very  numer- 
ous instances  of  anthracosis  under  the  most  varying  pathologic  con- 
ditions, that  coal-corpuscles  within  the  alveoli  were  always  inclosed 
in  cells.  Only  in  rabbits,  into  the  mouth  of  which  coal  mixed  with 
glycerin  was  put  after  bilateral  vagotomy,  I  found  coal  particles 
which  were  larger  than  the  cells  themselves  outside  of  the  cells  in  the 
alveoli. 

Coal  particles  in  human  alveoli  are  almost  always  of  a  uniformly 
small  size.  This  is  very  easily  explained  by  the  fact  that  only  the 
smallest  and  lightest  particles  can  be  drawn  into  the  alveoli  by  the 
air-current,  while  the  larger  and  heavier  ones  must  remain  on  the 
mucous  membrane  of  the  larger  and  smaller  bronchi. 

The  cells  in  the  alveoli  which  are  more  or  less  filled  with  dust,  the 
"  dust-cells, '^  are  of  considerable  size,  some  with,  others  wdthout, 
nucleus,  and  correspond  in  every  respect  to  alveolar  epithelium. 
Their  size  alone  speaks  for  the  correctness  of  this  contention.  An- 
other proof  is  the  finding  of  such  dust-cells  in  alveoli  which  are  more 
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or  less  filled  with  white  blood-corpuscles  by  pathologic  processes.  I 
have  seen  cases  of  chronic  as  well  as  of  desquainatix-e  pneumonia  in 
which,  within  the  alveoli  and  among  the  very  numerous  white  blood- 
corpuscles,  coal-containing  cells  were  present  which  by  their  size 
dilTered  from  leucocytes.  In  none  of  these  cases  was  a  single  coal 
particle  found  in  a  white  blood-corpuscle. 

I  once  succeeded  in  obtaining  a  very  instructi\e  illustration  of 
the  part  played  by  the  alveolar  epithelium  in  the  deposition  of  dust 
])articles  by  injecting  a  mixture  of  Thomas  phosphate  meal  and  water 
into  the  trachea  of  a  rabbit  according  to  the  method  described  on 
page  666,  and  killing  the  animal  four  days  after  the  injection.  The 
entire  alveolus,  as  shown  in  figure  10  on  Plate  7,  is  filled  with  small 
round  cells,  while  onh^  large  cells,  the  identity  of  which  with  alveolar 
epithelium  is  unmistakable,  contained  dust  particles. 

I  therefore  feel  compelled  to  agree  with  those  authors  who  assert 
that  the  white  blood-corpuscles  o^-  ameboid  cells  have  little  or  nothing 
to  do  with  the  deposition  of  dust  particles.  The  theory  that  the 
dust  particle  is  carried  by  a  migratory  cell  from  the  alveolus  into  the 
pulmonary  tissue  thus  loses  an  important  prop. 

In  view  of  the  following  facts,  namely,  that  the  alveolar  septa 
b}"  common  consent  contain  only  insignificant  masses  of  dust,  or 
none  at  all,  according  to  some  authorities;  that,  according  to  Rup- 
pert's  experiments,  the  occurrence  of  dust  within  the  alveolar  septa 
in  experimental  pneumonokoniosis  is  an  artefact ;  and  that,  according 
to  my  own  observation,  in  the  rare  but  undoubted  cases  in  which 
particles  of  coal  are  found  in  the  alveolar  septa  in  man  the  pigment 
is  invariably  free  and  is  never  found  within  the  cells,  the  assertion 
that  the  presence  of  dust  in  the  pulmonary  tissue  is  the  result  of 
transportation  by  means  of  cellular  structures  from  the  alveoli  must 
be  declared  unproved. 

As  long  as  the  corresponding  bronchi  are  intact,  the  dust  which  is 
inhaled  into  the  alveoK  and  absorbed  by  the  alveolar  epithelium  is 
mostly  expectorated  with  these  cells.  Whoever  has  an  opportunity 
of  making  clinical  observations  will  confirm  the  fact  that  cells  filled 
with  coal-dust  are  very  often  found  in  the  sputum,  even  in  cases  in 
which  no  material  accumulation  of  coal  is  found  in  the  lungs  post- 
mortem. 

These  considerations,  which  speak  against  the  transportation  of 
dust-particles  from  the  pulmonary  alveoli  into  the  pulmonary  tissue, 
are  made  weightier  by  another  fact — namely,  the  finding  in  the  peri- 
bronchial and  perivascular  tissue  of  larger  particles  of  coal,  iron, 
and  phosphate  of  Ume  which  is  contained  in  Thomas  phosphate 
meal.  Such  large  particles  of  dust  as  are  here  present  do  not  occur  in 
the  alveoli  at  all,  so  that  it  will  scarcely  be  necessary  to  remark  that 
they  are  much  larger  than  the  cells  of  alveolar  epithelium,  and  cannot 
therefore  be  absorbed  by  them  and  carried  into  the  pulmonary  tissue. 

But  I  am  able  to  add  to  these  negative  proofs  another,  to  my 
opinion,  indisputable  one,  which  compels  us  to  admit  the  fact  that 
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large  dust  particles  enter  the  pulmonary  tissue  through  the  bronchial 
wall.  Any  speculations  in  regard  to  the  motive  power  must  be 
based  on  this  fact. 

Thomas  phosphate  meal  dissolved  in  water  was  injected  into  the 
trachea  of  a  rabbit  and  the  animal  killed  after  four  days.  The  mi- 
croscopic examination  showed,  besides  other  changes  which  will  be 
referred  to  later  on,  the  presence  of  large  particles  of  phosphate  of 
lime  in  the  bronchial  wall  and  outside  of  it  in  the  peribronchial  tissue. 
This  fact  is  plainly  shown  in  figure  9  on  Plate  6.  While  the  finding 
in  the  peribronchial  tissue  of  other  kinds  of  dust,  principally  coal- 
dust,  is  not  accompanied  by  any  changes  in  the  tissue  which  could  be 
utilized  to  decide  the  question  whether  the  particles  were  brought 
from  other  parts  of  the  pulmonary  tissue  or  whether  they  penetrated 
at  the  same  place,  the  presence  of  phosphate  of  lime  is  followed  by  in- 
flammatory changes  which  prove  conclusively  that  these  particles 
cannot  have  taken  any  other  way  but  that  through  the  bronchial 
wall.  In  figure  9  the  foreign  bodies  are  surrounded  by  granulation 
cells  which  form  a  small  peribronchial  nodule.  The  inflammatory 
properties  of  the  foreign  body  prove,  therefore,  that  it  must  orig- 
inally have  entered  at  the  place  where  it  was  found,  and  could  not 
possibly  have  gotten  there  from  any  other  place  in  the  pulmonary  tis- 
sue. A  small  number  of  granulation  cells  visible  on  the  mucous  mem- 
brane of  the  bronchus,  and  a  defect  in  the  layer  of  smooth  muscle 
membrane  in  the  bronchial  wall,  clearly  indicate  the  place  of  entrance. 

The  mechanism  of  the  passages  of  foreign  bodies  through  the 
bronchial  wall  is  also  readily  explained  by  a  reference  to  the  figure 
referred  to.  The  smooth  musculature  of  the  bronchial  wall  in  the 
rabbit,  as  the  figure  shows,  consists  of  a  circular  and  of  a  longitudinal 
layer  of  smooth  muscle-fibers.  Instead  of  being  superimposed  one 
upon  the  other,  these  layers  interlace  like  the  web  and  woof  in  a  piece 
of  cloth.  The  circular  layer  is  more  robust  than  the  longitudinal.* 
Wherever  the  large  granules  of  calcium  phosphate  in  the  peribronchial 
tissue  are  surrounded  by  nodules  of  granulations,  a  separation  of  the 
circular  muscle-fibers  is  observed,  while  the  longitudinal  fibers  dis- 
appear and  are  replaced  by  processes  emanating  from  the  granulation 
nodules,  which  also  consist  of  granulation  cells  and  extend  to  the 
epithelium  on  the  inner  surface  of  the  bronchus.  The  conclusion 
is  obvious  that  the  foreign  body  in  its  passage  through  the  bronchial 
wall  has  divided  the  longitudinal  muscle-fibers. f 

*  If  it  were  to  be  shown  that  the  same  conditions  existed  in  the  bronchial 
musculature  in  man, — i.  e.,  that  there  was  a  layer  of  longitudinal,  and  a  more  ro- 
bust layer  of  circular  smooth  muscle-fibers,  interwoven  one  with  the  other,  a 
very  plausible  explanation  of  the  origin  of  asthma  in  man  would  be  possible.  The 
preponderance  of  the  circular  muscle-fibers  must,  in  all  cases  in  which  the  function 
of  the  involuntary  muscles  is  disturbed,  lead  to  a  contraction  of  the  smallest 
bronchioles,  which  under  normal  conditions  is  prevented  by  the  action  of  the  lon- 
gitudinal fibers. 

t  It  must  be  specially  mentioned  that  all  these  changes  have  been  demonstrated 
according  to  the  method  of  preparation  mentioned  on  page  396,  principally  by  means 
of  the  Biondi-Heidenhain  solution. 
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Explanation  of  Plates  6  and  7. 

Fig.  8. — Cross-section  of  an  artery  in  syphilitic  pneumonia  of  the 
new-born.  Marked  increase  in  the  cellular  elements  of  the  adventitia, 
the  thickness  of  which  is  equal  to  the  width  of  the  lumen.  A  smaller 
vessel,  seen  in  longitudinal  section,  shows  the  same  change.  The  whole 
is  contained  in  a  large,  empty  lymph-space.  X  390  (Leitz  objective 
6,  ocular  3). 

Fig.  9. — Longitudinal  section  of  a  bronchiole  from  a  rabbit  killed 
four  days  after  an  injection  of  Thomas's  phosphate  meal  into  the  trachea. 
At  the  upper  and  lower  ends  of  the  bronchiole  the  layer  of  smooth  muscle 
is  visible,  the  more  robust  transverse  fibers  interlacing  with  the  more 
slender  longitudinal  fibers.  At  the  center  of  the  bronchiole,  which  is 
copied  exactly  from  nature,  the  underlying  alveoli  are  seen.  On  the 
left,  the  bundles  of  muscle-fibers,  which  are  arranged  concentrically  and 
appear  in  transverse  section,  are  intact;  on  the  right  they  are  inter- 
rupted, and  surrounded  by  a  large  focus  of  granular  material  containing 
several  particles  of  Thomas's  phosphate  meal.  X  85  (Leitz  objective  3, 
ocular  3). 

Fig.  10. — Alveolus  from  the  lung  of  the  same  rabbit  that  furnished 
the  specimen  for  Fig.  9.  The  alveolar  epithelium  is  filled  with  fine 
granules  of  Thomas's  phosphate  meal  of  uniform  size.  X  800  (Leitz 
oil-immersion  -^-^,  ocular  3). 

Fig.  1L — Two  pulmonary  alveoli  from  a  case  of  chronic  pneumonia. 
The  masses  of  newly  formed  connective  tissue  are  well  supplied  with 
blood-vessels,  and  communicate  with  one  another  as  well  as  with  those 
belonging  to  adjacent  alveoli;  the  same  conditions  are  seen  in  the  pro- 
jecting portion  on  the  right-hand  side  in  the  figure.  X  275  (Leitz  ob- 
jective 6,  ocular  1). 

Fig.  12. — Parasitic  (?)  structures  from  a  diffuse  lobar  pulmonary 
sarcoma.     X  800  (Leitz  oil-immersion  ^,  ocular  3). 

Fig.  13. — Fibrinoid  degeneration  of  the  connective  tissue  in  the  ad- 
ventitia  of  a  pulmonary  artery,  after  thrombosis  of  the  vessel  following 
congestion  from  cardiac  insufficiency.  The  swollen  fibers  of  connective 
tissue  are  seen  partly  in  longitudinal  and  partly  in  transverse  section. 
X  390  (Leitz  objective  6,  ocular  3).  The  drawing  includes  two  micro- 
scopic fields. 

The  specimens  are  all  stained  with  Biondi-Heidenhain's  three-color 
mixture. 
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I  must  leave  it  to  future  investigators  to  decide  whether  the 
lynipliatic  nodules  which  were  found  by  Knauff,  von  Ins,  Arnold, 
antl  Heller,  when  in\'estigating  the  changes  caused  by  the  inhalation 
of  dust,  may  not  be  in  part  regarded  as  newl}^  formed  areas  of  granu- 
lation cells  in  the  neighborhood  of  or  surrounding  foreign  bodies. 

After  this  explanation  there  can  be  no  more  doubt  that  the  princi- 
pal share  of  introducing  dust  into  the  pulmonary  tissue  is  done  by  the 
finer  bronchi.  There  remains  only  to  explain  the  mechanical  process 
which  enables  the  dust  to  penetrate  the  bronchial  wall.  That  any 
active  share  of  the  bronchial  mucous  membrane  or  its  elements  is  out 
of  the  question  is  proved  Ijy  the  fact  that  there  are  no  dust  particles 
to  be  seen  within  the  cells  of  the  mucous  membrane,  and  that  the  par- 
ticles are  mostly  larger  than  the  cellular  constituents  of  the  finer 
bronchi. 

Since  the  air-passages  remain  absolutely  passive,  it  was  supposed 
that  the  particles,  driven  by  the  air-current,  penetrate  the  tissue 
(Traube),  or,  more  plainly,  simply  mechanically  pierce  the  pulmonary 
tissue  (Kuborn,  Lewin) ;  which  tells  us  nothing.  If  it  be  even  ad- 
mitted that  some  kinds  of  dust  particles  are  sharp  and  therefore 
adhere  more  readily  to  the  bronchial  wall,  this  would  only  render  it 
more  difficult  to  expectorate  such  corpuscular  elements.  For  part 
of  the  dust  is  certainly  expelled,  as  can  best  be  proved  experiment- 
ally. If  cinnabar  is  injected  through  the  trachea  into  the  lungs  of  a 
healthy  rabbit,  later  on  such  a  small  part  of  the  cinnabar  is  found  in 
the  lungs  that  a  considerable  amount  must  ha^'e  been  expectorated. 

Just  as  little  will  it  be  correct  to  consider  the  presence  of  a  bron- 
chial catarrh  as  a  factor  in  the  entrance  of  coal-dust  into  the  tissue, 
in  spite  of  favorable  conditions  caused  thereby  for  the  depositing  of 
dust-corpuscles. 

The  physical  and  chemical  properties  of  the  substances  inhaled 
at  most  act  as  predisposing  by  injuring  the  mucous  membrane  and 
thus  enabling  the  foreign  body  to  cling  more  tenaciously. 

The  penetration  of  corpuscular  elements  into  the  pulmonary  tissue 
is  caused  solely  by  the  negative  atmospheric  pressm'e  which  exists 
in  the  thoracic  cavity.  We  know  that  the  thoracic  wall  forms 
vnth  the  diaphragm  an  air-tight  space  which  is  adjacent  to  the  pul- 
monary tissue,  and  that  the  latter  is  cUlated  by  the  expansion  of  the 
thoracic  ca^dty.  In  everj^  breathing  pause  the  muscles  of  the 
thorax  and  the  diaphragm  are  opposed  by  the  centripetal  pull  of 
the  pulmonary  tissue.  Therefore  in  the  resting  thoracic  cavity 
there  exists  a  negative  pressure,  caused  b}'  the  elastic  tissue  of  the 
lungs.  Bonders  demonstrated  this  pressure  to  be  6  mm.  of  mercur}-, 
by  hermetically  closing  the  trachea  by  a  manometer  when  experi- 
menting on  a  cadaver,  and  then  opening  the  thoracic  ca\'ity  by 
punctiu-e.  During  inspiration  a  heavier  strain  is  necessarih'  thro"^Ti  on 
the  elasticity  of  the  pulmonary  tissue,  so  that  the  negati^'e  pressure 
in  the  thoracic  cavity  is  increased.  Therefore  the  pulmonary  paren- 
chyma will  be  in  the  position  of  an  elastic  membrane  which  is  drawn 
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over  the  opening  in  the  glass  cylinder  in  an  air-pump,  while  the 
pressure  of  the  air  in  the  glass  cylinder  is  reduced  to  6  mm.  of 
mercury.  With  every  inspiration  the  lung  experiences  a  stronger 
strain,  exactly  like  the  elastic  membrane  over  the  opening  of  the 
cylinder  of  an  air-pump  if  the  rarefaction  of  the  air  is  increased. 
Now,  if  we  transfer  this  process  to  the  mucous  membrane  of  the  lungs 
covered  with  dust  particles,  it  is  evident  that  during  inspiration 
the  mucous  membrane  must  first  of  all  become  distended,  conse- 
quently its  elements  must  be  further  apart  than  during  expiration; 
and,  secondly,  against  the  increased  negative  pressure  in  the  thoracic 
cavity  a  proportionately  increased  positive  pressure  in  the  bronchi 
must  exist,  which,  according  to  the  laws  of  physics,  must  influence  the 
small  dust  particles  and  force  them  during  inspiration  into  the 
distended,  slightly  yielding  tissue. 

This  physical  process  offers  the  only  plausible  explanation  for  the 
appearance  of  pigments  beneath  the  costal  pleura  when  no  pleural 
adhesions  are  present.  If  the  pigments  are  inhaled  into  peripheral 
bronchi, — i.  e.,  bronchi  situated  near  the  surface  of  the  lung, — they 
follow  the  inspiratory  air-current  to  the  point  where  the  negative 
pressure  originates,  as  in  an  air-pump ;  that  is,  they  enter  the  inter- 
costal musculature. 

It  follows  from  what  has  been  said  that  two  processes  are  ex- 
clusively, or  at  least  chiefly,  concerned  in  the  deposition  of  dust 
particles  in  the  pulmonary  tissue.  In  one  of  these  processes  the 
smallest  particles  of  dust  are  carried  by  the  air-current  into  the 
alveoli,  where  they  are  taken  up  by  alveolar  cells  and  later,  for  the 
most  part,  expectorated  along  with  the  cells.  In  pathologic  con- 
ditions, especially  when  an  exudation  of  white  blood-cells  into  the 
alveoli  takes  place,  the  dust-cells  remain  among  the  cells  of  the 
exudate.  In  the  second  process  larger  particles  of  dust  escape  from 
the  inspiratory  air-current  and  deposit  themselves  on  the  mucous 
membrane  of  a  smaller  bronchus,  from  which  they  are  not  expelled 
by  the  ciliated  epithelium  if  the  physical  or  chemical  properties  of  the 
foreign  body  are  such  as  to  favor  its  clinging  to  the  mucous  mem- 
brane, or  the  functional  activity  of  the  ciliated  epithelium  has  been 
impaired  by  pathologic  conditions,  particularly  catarrh.  In  the 
latter  event  the  dust  particles  are  drawn  into  the  pulmonary  tissue 
during  the  increase  of  the  negative  pressure  within  the  thoracic 
cavity  which  takes  place  during  inspiration,  the  entrance  of  the 
particles  being  facilitated  by  the  inspiratory  distention  of  the  tissues. 


PATHOLOGIC  ANATOMY, 

It  is  impracticable  to  discuss  the  pathologic  alterations  produced 
by  the  inhalation  of  dust  in  such  a  way  as  to  include  all  the  varieties 
of  the  noxious  material;  although  the  present  discussion,  in  one 
respect  at  least,  is  based  on  a  common  characteristic  of  all  the  various 
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kinds  of  dust,  since  we  are  dealing  exclusively  with  inorganic  sub- 
stances or  the  ash  of  organic  substances.  In  the  case  of  organic 
substances  the  pivotal  point  of  the  discussion,  the  mode  of  entrance 
into  the  pulmonary  parenchyma,  is  of  no  importance. 

Schottelius'  assertion  that  inorganic  dusts,  which  exert  a  purely 
mechanical  influence,  even  when  introduced  in  large  quantities,  are 
incapable  of  producing  profound  destruction  of  the  pulmonary  tissue, 
appears  to  me  too  sweeping;  I  am  rather  inclined  to  agree  with 
Lancereaux,  who  says:  "Not  all  kinds  of  dust  exert  an  equally  dele- 
terious influence  on  the  pulmonar}'  tissue." 

The  inspiration  of  coal-dust  is  the  least  injurious.  Traube,  on 
the  strength  of  his  above-related  observation,  and  ^laurice  deny 
any  direct  injurious  effect.  Coal-miners  may  enjoy  the  best  of  health, 
even  after  twenty  years'  occupation  in  the  mines,  although  their 
lungs  are  pigmented  black,  as  is  proved  by  autopsy  and  b}-  the  color 
of  the  sputum.  On  the  other  hand,  pathologic  processes  in  the  lungs 
favor  the  admission  of  coal,  as  is  shown  by  the  reported  case  of  miliary 
tuberculosis.  The  coal-dust  was  most  plentiful  around  the  nodules. 
The  latter  diminished  the  elasticity  of  the  pulmonary  vesicles  in  their 
immediate  neighborhood,  and  so  favored  the  deposition  of  the  inhaled 
coal  particles,  on  one  hand,  and,  on  the  other,  prevented  their 
expulsion. 

AVliile  Greenhow  reports  only  a  single  case  of  anthracosis,  Seltmann 
explicitly  discusses  its  consequences  for  the  pulmonary  tissue,  and 
comes  to  the  conclusion  that  anthracosis  of  lesser  degree  may  keep 
up  and  promote  certain  diseases  of  the  respiratory  organs  which  had 
developed  before  its  appearance,  but  it  does  not  produce  any  specific 
pathologic  conditions,  certainly  no  inflammatory  processes  of  an 
acute  or  chronic  kind.  The  pulmonary  substance  never  shov\'S  any 
consolidation  of  the  interstitial  tissue,  even  when  coal-dust  is  depos- 
ited in  large  quantities.  According  to  his  opinion,  coal-dust  has 
a  fa^'orable  influence  in  tuberculosis.  The  scarcity  of  this  affec- 
tion among  the  youngest  workmen,  and  more  so  its  extreme  scar- 
city and  conspicuously  slow  course  among  miners  who  are  twenty- 
five  or  thirty  years  of  age,  ^\all  not  allow  of  any  doubt.  Some 
authors  are  so  con^'inced  of  the  correctness  of  tliis  ^iew  that  they  rec- 
ommend the  inhalation  of  coal-dust,  and  have  actually  had  it  inhaled. 
Nevertheless,  Seltmann  does  not  deny  the  possibilit}^  that  the  pres- 
sure exerted  by  large  accumulations  of  coal-dust  is  apt  to  cause 
independently  a  very  limited  inflammatory  process,  which  later  on, 
in  consequence  of  the  general  poor  nutrition  and  the  special  disturb- 
ances of  nutrition  of  the  lungs,  may  lead  to  the  formation  of  ab- 
scesses and  cavities. 

Merkel  also  says  that  substantive  affections  of  the  pulmonary 
tissue  are  relatively  rare  as  a  consequence  of  the  inhalation  of  coal- 
dust. 

Crocq  even  opines  that  coal  is  not  only  relatively  not  injurious  to 
the  lungs,  but  effects  an  antagonism  against  tuberculosis.     Tliis  is 
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made  apparent  by  the  rare  occurrence  of  the  latter  in  coal-miners  and 
the  appearance  of  coal  in  the  neighborhood  of  obsolete  or  healed 
tubercles. 

According  to  Fripier's  report,  which  is  based  on  pathologic  obser- 
vations and  experimental  investigations,  phthisis  of  miners  is  only  a 
phthisis  with  predominance  of  the  fibrous  form  in  which  the  infiltration 
of  the  pulmonary  tissue  with  coal,  especially  in  the  diseased  areas, 
may  be  so  plentiful  that  the  organ  in  consequence  has  a  peculiar 
appearance  which  sometimes  renders  difficult  the  demonstration  of 
tuberculous  alterations. 

In  view  of  my  own  anatomic  investigations  I  may  absolutely 
concur  in  the  opinion  of  the  relative  innocuousness  of  inhaled  coal- 
dust  particles.  The  microscopic  examination  of  lungs  of  elderly 
people  who  had  been  employed  in  an  atmosphere  of  coal-dust, — for 
instance,  coal-carriers,  firemen, — sometimes  reveals  along  the  bronchi 
and  blood-vessels  such  dense  deposits  of  coal  that  the  peribronchial, 
and  even  the  perivascular,  tissue  may  be  entirely  covered,  but  no 
inflammatory  changes  exist.  The  interstitial  tissue  is  not  widened, 
the  neighboring  alveoli  are  intact. 

This  statement  appears  to  conflict  with  the  well-known  fact  that 
extensive  areas  of  black  induration  are  particularly  apt  to  be  en- 
countered in  the  upper  portions  of  the  lungs.  Friedreich  has  em- 
phasized this  fact,  chiefly,  it  is  true,  in  connection  with  the  question 
of  the  origin  of  the  pigment.  Since  large  foreign  bodies,  when  in- 
haled, preferably  lodge  in  the  lower  lobes  of  the  lungs,  especially 
on  the  right  side,  he  says  it  is  fair  to  assume  a  similar  tendency  on 
the  part  of  small  particles  of  dust  that  have  been  drawn  into  the 
lungs.  Why  is  it,  Friedreich  asks,  that  the  parenchymatous  change 
known  as  black  induration  does  not  predominate  in  the  lower  lobes 
in  the  case  of  these  workmen?  Why,  on  the  contrary,  are  the  upper 
lobes,  and  particularly  the  apices,  the  seat  of  black  induration? 
This  is  the  more  remarkable  when  it  is  remembered  that  the  dia- 
phragmatic and  intercostal  type  of  breathing  predominates  in  men. 
He  explains  this  phenomenon  by  assuming  a  special  irritability  and 
local  predisposition  to  certain  diseases  on  the  part  of  the  pulmonary 
apices. 

Hanau  also  explains  this  process  by  a  predisposition  of  the  pul- 
monary apices,  referring  to  this  report  of  Friedreich,  as  well  as  to 
Kussmaul's  case  of  chalicosis  and  Zenker's  cases  of  siderosis.  The 
apices,  according  to  his  opinion,  inspire  very  well  and  are  therefore 
well  able  to  inhale  dust  and  micro-organisms,  but  they  do  not  expire 
well,  and  therefore  the  inhaled  particles  have  an  opportunity  of 
remaining  in  them;  in  fact,  they  may  be  driven  further  into  the 
tissue  by  an  inverse  air-current  and  attach  themselves  to  the  inner 
surface  of  the  alveoli. 

I  myself,  when  discussing  the  conditions  which  predispose  to 
phthisis  of  the  lungs,  attributed  the  peculiar  predisposition  of  the 
pulmonary  apices  to  the  construction  of  the  thorax  which  does  not 
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permit  as  complete  inspiratory  distention  in  the  apices  as  in  the 
other  piihiionary  sections,  so  that  the  inspiratory  and  expirator}'-  cur- 
rent is  not  able  to  overcome  any  obstacle  in  the  finer  bronchi.  Such  an 
obstacle  may  ])o  formed  l)v  secreted  mucus,  cast-off  epithelium,  exuda- 
tive cells  in  croupous  pneumonia,  and  thereby  the  material  may  be 
given  for  the  colonization  of  tubercle  bacilli  and  for  the  instigation  of 
further  inflammatory  processes,  resulting  in  tuberculosis. 

But  that  the  pulmonary  apices  should  inspire  well  but  expire  badly, 
as  Hanau  presumes,  is  not  quite  in  keeping  with  our  physical  views  of 
the  efficiency  of  the  elastic  pulmonary  tissue. 

This  is  also  contradicted  by  the  fact  that  in  all  cases  of  coal  deposits 
in  otherwise  healthy  lungs  the  most  plentiful  peribronchial  infiltrations 
of  coal  are  not  by  any  means  found  in  the  apices. 

If  we  add  that,  according  to  the  opinion  of  by  far  the  greatest 
number  of  authors,  inhaled  coal-dust  is  not  the  direct  cause  of  pul- 
monary diseases ;  and  that,  according  to  my  above  explanation,  catar- 
rhal conditions  of  the  bronchial  mucous  membrane  especially  favor 
the  deposition  and  subsequent  penetration  of  dust  particles, — the 
predominant  frequency  of  black  induration  in  the  upper  lobe  may  be 
explained  by  the  existence  of  a  focal  disease  w^hich  preceded  the  in- 
duration or  set  in  independently  of  it,  and  in  the  neighborhood  of 
which  catarrhal  and  further  reaching  inflammatory  processes  occur. 
These  latter,  on  one  hand,  favor  the  remaining  of  the  inhaled  coal 
particles,  and  on  the  other,  in  consequence  of  a  possible  irritating 
effect  of  the  coal  on  the  pathologically  changed  sections  of  the  pul- 
monary tissue,  lead  to  a  fibrous  consolidation  which  otherwise  would 
not  have  taken  place. 

Therefore  the  answer  to  the  above  questions  of  Friedreich  is  that 
black  induration  occurs  most  frequently  in  the  pulmonary  apices, 
because  these  are  most  frequently  the  seat  of  pathologic  processes. 

This  explains  the  possibility  of  firm  encapsulation  of  tuberculous 
foci  in  the  pulmonary  apices,  and  thereby  the  prevention  of  an  ad- 
vancing tuberculous  disintegration  of  the  pulmonary  tissue.  Proba- 
bly the  above-mentioned  rarer  occurrence  of  tuberculosis  is  to  be 
ascribed  to  this  fact. 

Consequently  the  assumption  that  anthracosis  in  itself  may  lead 
to  the  formation  of  cavities  may  be  rejected.  This  supposition  is,  in 
the  first  place,  contradicted  by  the  fact  that  healthy  pulmonary  tissue 
remains  intact  in  spite  of  abundant  inhalation  of  coal-dust,  and,  sec- 
ondly, by  the  just  demonstrated  possibility  of  a  limitation  of  tuber- 
culous foci  and  the  prevention  of  advancing  disintegration  of  the  pul- 
monary tissue  by  fibrous  consolidation  of  the  same.  The  cavities  un- 
questionabl}^  originate  in  a  disintegration  of  tissue  which  precedes  the 
black  induration.  But,  at  the  same  time,  the  occurrence  of  acute 
tuberculous  processes  with  already  existing  anthracosis  is  not  impossi- 
ble. Maurice  observed  such  a  case  in  a  laborer,  fortj^  years  of  age, 
which  terminated  fatally  within  four  weeks  with  rapid  formation  of 
cavities  and  black  sputum. 
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HoweA^er,  it  is  to  be  mentioned  that  the  same  author  ascribes  the 
rarity  of  chronic  phthisis  in  coal-workers  not  to  the  effect  of  coal-dust, 
but  to  the  fact  that  only  few  predisposed  individuals  would  choose 
this  laborious  occupation.  I  should  like  to  add :  Is  it  not  likely  that  a 
considerable  number  of  men  who,  during  their  employment  as  coal- 
workers,  develop  chronic  tuberculosis  give  up  this  trying  occupation 
and  are  lost  sight  of  for  purposes  of  statistics? 

Of  greater  importance  for  the  origin  of  morbid  changes  in  the  pul- 
monary tissue  are  the  various  kinds  of  stone-dust  and  steel-dust. 
Crocq  says :  Coal-dust  is  almost  harmless  in  comparison  with  stone- 
dust  in  stone-cutters,  and  metal-dust  in  the  manufacture  of  needles, 
in  steel-filers,  in  metal-grinders,  etc.,  who  rarely  grow  older  than 
forty  years.  In  his  experiments  he  introduced  oxid  or  bichromate 
of  lead  with  a  solution  of  starch  into  the  trachea,  and  in  a  short  while 
produced  lobular  pneumonia,  and  even  tubercles,  while  animal-  or 
wood-charcoal  or  soot  were  deposited  in  the  lungs  and  in  the  bron- 
chial glands  without  causing  any  further  organic  changes  of  the  pul- 
monary tissue. 

Arnold  proved,  by  his  experiments,  that  inhalations  of  emory  and 
sandstone,  which  were  followed  much  more  rarely  and  after  a  longer 
interval  by  the  filling  of  the  alveoli  with  dust,  caused  more  exten- 
sive inflammatory  infiltrations  than  the  inhalation  of  soot  and  caused 
them  earlier.  After  soot-inhalation  the  foci  are  fewer,  and  only 
exceptionally  are  produced  early. 

Merkel,  referring  to  16  observations,  exhaustively  reported  the 
pathologic  changes  in  human  beings  that  are  caused  by  the  inhalation 
of  iron-dust.  According  to  the  kind  of  dust  inhaled,  the  lungs  are 
either  black  (magnetic  oxid  of  iron  and  phosphate  of  iron)  or  red 
(oxid  of  iron).  That  portion  of  the  parenchyma  which  still  con- 
tains air  is  traversed  by  hard,  cicatricial  bands  which  constrict  indi- 
vidual portions  of  the  tissue  and  cause  them  to  project  in  the  form 
of  nodules  both  on  the  cut  section  and  on  the  superficies  of  the  lung. 
A  characteristic  feature  is  the  presence  throughout  the  tissue  of  numer- 
ous extremely  hard  nodules,  varying  in  size  from  that  of  a  hemp-seed 
to  that  of  a  pea  and  over,  which  grate  under  the  knife  and  on  section 
appear  grayish-3^ellow  with  punctiform  and  linear  markings.  Many 
of  these  nodules  contain  a  distinct  lumen  as  large  as  a  pin-point. 
Sometimes  the  nodules  coalesce.  Cavities  in  the  apices  and  caseous 
foci  also  occur. 

After  giving  this  description  Merkel  remarks:  "While  processes 
of  this  kind  are  rare  in  the  lungs  of  coal-workers,  they  appear  to  be 
constant  in  the  lungs  of  iron-workers  attacked  by  pneumonokoniosis." 
Whether  the  difference  is  due  to  the  chemical  inertia  of  coal  as  com- 
pared with  metallic  dust,  or  to  the  size  and  shape  of  the  dust-mole- 
cule,— the  molecules  of  charcoal  are  usually  larger  than  those  of  me- 
tallic dust, — he  does  not  pretend  to  decide. 

According  to  Merkel,  the  pathology  of  chalicosis  agrees  with  that 
of  siderosis.     There  are  black,  centrally  whitish  nodules,  as  large  as  a 
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flax-seed  to  a  pon,  wliich  project  above  the  level  of  the  cut  surface,  are 
more  coarse,  and  f!;rat('  more  under  the  knife  than  those  in  siderotic 
lungs.  It  is  only  remarkable  that  these  nodules  never  attain  the 
same  size  as  the  nodules  in  siderotic  lungs,  nor  coalesce  to  any  extent. 
Chronically  indurated  parts  in  stone-cutters'  lungs  are  mostly  of  uni- 
form structure,  and  never  show  any  evidence  of  being  formed  b3'the 
coalescence  of  single  nodes. 

While  all  and  every  anatomic  change  taking  place  in  consequence 
of  inhalation  of  dust  of  coal,  iron,  and  sand,  or  of  a  mixture  of  these 
kinds,  proves  to  be  a  process  of  a  chronic  character,  one  kind  of  dust, 
the  production  of  which  for  agricultural  purposes  has  grown  to  be  of 
great  industrial  importance,  enjoys  the  sinister  pri\dlege  of  being 
able  to  cause  acute  inflammations  of  the  lungs — namely,  the  Thomas 
phosphate  meal. 

Of  20  patients  of  Ehrhardt  who  were  affected  by  the  inhalation  of 
Thomas  phosphate  meal,  6  died,  and  in  4  cases  he  could  hold  an 
autops}'.  The  disease  principally  attacked  the  low^r  lobes.  The  latter 
appeared  very  congested  and  showed  a  uniform  smooth  consolidation 
in  which  only  a  few  smaller  foci  had  a  granular  cut  surface.  Only 
in  one  instance  the  lower  lobe  was  uniformly  gray,  infiltrated,  and 
slightly  granulated.  The  pleural  covering  of  the  affected  parts  showed 
fibrin  layers  and  sometimes  hemorrhages. 

My  own  experimental  investigations,  which  I  report  here  in  con- 
nection with  those  reported  by  Ederlen  and  Loeb,  and  previously 
mentioned  on  page  665,  were  made  as  follows:  the  phosphate  meal 
was  dissolved  in  water  and  filtered  through  linen,  in  order  to  retain 
larger  particles,  and  the  filtrate  was  injected  into  the  bronchi  through 
the  larynx  by  means  of  a  Pravaz  syringe.  I  thus  produced  two  differ- 
ent processes :  a  diffuse  pneumonic  affection  principalh^  in  the  lower 
lobes  and  small  foci  consisting  of  granulation-cells  and  without  ex- 
ception containing  one  or  more  of  the  foreign  bodies  in  their  center. 
The  mode  of  origin  and  significance  of  these  foci  have  been  discussed 
at  length  in  another  place  (page  674).  The  former  condition  consists 
in  diffuse  swelling  of  the  alveolar  epithelium  and  a  widening  of  the 
alveolar  interstices,  associated  with  a  uniform  and  wide-spread  ex- 
udation of  red  blood-corpuscles  into  the  alveoli  and,  in  even  greater 
profusion,  into  the  interstitial  tissue. 

I  shall  have  to  postpone  my  report  of  this  pulmonary  inflammation, 
as  at  present  the  number  of  m}"  cases  is  too  small.  But  even  at  this 
early  date  I  believe  I  can  positively  maintain  that  the  effect  of  in- 
halations or  injections  of  Thomas  phosphate  meal  on  the  pulmonary 
tissue  is  almost  entirely  chemical,  as  otherwise  it  would  not  be  possi- 
ble for  changes  to  appear  which,  according  to  clinical  and  experi- 
mental demonstration,  so  materially  differ  from  the  effects  of  the 
inhalation  of  other  kinds  of  dust.  The  reported  granulation  foci, 
illustrated  on  Plate  6,  figure  9,  in  the  center  of  which  one  or 
more  granules  of  Thomas  phosphate  meal  are  constantly  found,  are 
most  hkely  the  result  of  combined  mechanical  and  chemical  infiu- 
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ences ;  but  the  acute  pneumonic  process  cannot  possibly  be  explained  in 
any  other  manner  than  by  the  effect  of  ingredients  of  Thomas  phos- 
phate meal  which  dissolve  and  chemically  influence  the  alveolar 
epithelium  in  a  detrimental  manner. 


SYMPTOMS. 

The  description  of  the  clinical  manifestations  may  be  prefaced 
by  the  following  words  of  Merkel:  "Unfortunately  the  clinical  pic- 
tures even  in  the  genuine  forms  of  pneumonokoniosis  are  not  as 
characteristic  as  might  be  expected,  and  it  is  therefore  a  difficult  task 
to  draw  a  clinical  picture  of  all  the  diseases  included  in  this  descrip- 
tion. Moreover,  the  various  kinds  of  dust  that  are  capable  of  pro- 
ducing the  disease  possess  distinct  peculiarities,  and  the  same  physician 
rarely  has  the  opportunity  to  observe  all  the  various  kinds  of  dust- 
inhalation.  In  spite  of  the  very  respectable  extent  of  the  clinical 
material  at  my  disposal,  I  must  confess  at  the  outset  that  I  rarely 
made  the  diagnosis  before  the  subject  was  brought  to  the  autopsy 
table.  But  the  more  I  study  this  question,  the  more  firmly  I  am  con- 
vinced that  in  many  cases  the  presence  of  dust  in  the  lungs  is  quite 
harmless,  while,  on  the  other  hand,  it  happens  more  often  than  is 
generally  supposed  that  an  apparently  ordinary  disease  of  the  respi- 
ratory organs  is  primarily  due  to  the  inhalation  of  dust ;  and  I  believe 
we  shall  yet  learn  to  make  the  diagnosis  during  life  with  more  cer- 
tainty than  has  been  possible  in  the  past." 

An  accurate  analysis  of  the  symptoms,  like  the  description  of  the 
pathologic  changes,  demands  a  strict  separation  of  the  different 
varieties  of  dust.  The  inhalation  of  coal-dust  alone  will  be  consid- 
ered first ;  next,  the  inhalation  of  iron-  and  stone-dust,  both  of  which 
are  found  in  varying  quantities,  either  by  themselves  or  in  combina- 
tion with  other  kinds  of  dust,  in  certain  industrial  establishments; 
and,  lastly,  the  inhalation  of  Thomas  phosphate  meal  will  be  made 
the  subject  of  a  special  discussion. 

The  inhalation  of  coal-dust  is  relatively  harmless.  Although 
Crocq  regards  the  appearance  of  anemia  in  coal-miners  as  the  earliest 
effect  of  anthracosis,  other  conditions,  such  as  the  want  of  light  in 
the  coal-mines,  the  vitiated,  stagnating  air  that  the  miners  breathe, 
and  insufficient  food  and  clothing,  are  equally,  if  not  more  important 
etiologic  factors. 

The  asthma  which  appears  in  these  laborers  should  be  of  greater 
importance,  as  it  is  undoubtedly  a  direct  consequence  of  the  pul- 
monary changes.  Its  appearance  is  probably  due  to  the  combined 
effect  of  plentiful  inhalation  of  coal-dust  and  obstinate  bronchial 
catarrh.  In  one  way,  as  mentioned,  the  latter  favors  the  penetration 
of  dust  particles  into  the  tissue,  as  in  catarrh  a  comparatively  larger 
quantity  of  coal  will  adhere  and  cannot  be  expelled  again,  as  is  clone 
by  a  normal  mucous  membrane.     In  the  second  place,  the  bronchial 


PNEUMONOKONIOSIS.  681 

catiirrh  in  itst'lf,  on  account  of  secretion  of  nuicus  in  the  smaller  bron- 
chi, contributes  to  tlu>  resti'iction  of  the  resjjiratory  sui'face,  and  con- 
sequently leads  to  cl^'spnea,  and  it  is  unquestionabl}'  true  that  the 
inhalation  of  coal-dust  tends  to  render  an  existing  bronchial  catarrh 
permanent.  Therefore  coal-dust  and  bronchial  catarrh  represent  a 
vicious  circle. 

The  character  of  the  sj)utum  varies  according  as  the  catarrh  is 
acute  or  chronic ;  but  if  the  miner  has  followed  his  a\'ocation  for  any 
length  of  time  and  too  long  an  interval  has  not  elapsed  since  he  has 
given  it  up,  the  sputum,  which  usually  has  a  mucoid,  glairy  appear- 
ance, invariably  contains  pin-point  to  pin-head-sized  particles  which 
on  microscopic  examination  are  found,  as  a  rule,  to  consist  of  aggre- 
gations of  large,  round  cells,  with  or  without  nuclei.  These  cells 
contain  a  considerable  number  of  black  granules  of  fairly  constant 
size,  and  their  identity  with  alveolar  epithelium  containing  coal-dust 
cannot  be  mistaken  by  any  one  who  is  in  the  habit  of  examining  an- 
thracotic  lungs  under  the  microscope.  The  uniform  size  of  the  parti- 
cles is  explained  by  the  fact,  which  has  already  been  sufficiently  dis- 
cussed, that  only  the  smallest  particles  are  carried  into  the  alveoli  by 
the  inspirator}'  air-current  and  later  expectorated. 

In  spite  of  the  presence  of  these  changes,  examination  of  the  lungs 
need  not  necessarily  yield  objective  signs.  The  symptoms  of  an 
already  existing  catarrh  are  of  course  independent  of  the  deposition 
of  coal.  The  same  may  be  assumed  of  emphysema;  it  is  no  more 
frec|uent  in  coal-miners  than  in  other  laborers  who  are  forced  to 
inhale  foul  air  and  are  exposed  to  all  kinds  of  weather. 

If  any  physical  signs  are  found  in  the  lungs,  they  almost  always 
consist  of  the  signs  of  consolidation  over  one  or  both  upper  lobes. 
Dulness  and  bronchial  respiration  are  present;  and  crepitant  rales, 
especially  over  the  pulmonary  apices,  will  rarely  be  absent. 

According  to  the  view  which  is  here  adopted,  one  may  con- 
clude that  around  an  originally  existing  focus  in  the  pulmonary  apex, 
which  is  probably  always  of  a  tuberculous  nature,  an  extensive  black 
induration,  or  rather,  more  correctly,  a  chronic  pneumonia,  has  de- 
veloped with  wholesale  deposits  of  coal-dust.  I  was  able  to  demon- 
strate such  a  finding  at  the  autopsy  of  a  laborer  who  for  a  number  of 
3'ears  had  been  employed  in  the  gas-works  of  this  city  [Magdeburg]. 

If,  on  the  other  hand,  a  tuberculous  infiltration  develops  in  an 
individual  who  for  a  long  time  has  been  exposed  to  an  atmosphere 
of  coal-dust,  particles  of  coal  which  had  been  embedded  for  a  long 
while  in  the  peribronchial  tissue  must  be  expelled  with  the  disinte- 
grated pulmonary  tissue.  Thus  it  may  happen  that  individuals  who 
have  never  been  much  exposed  to  a  coal-dust  laden  atmosphere,  or 
who  have  not  been  exposed  for  some  time  and  have  not  had  any 
coal-dust  in  the  sputum,  suddenly  begin  to  expectorate  black  mate- 
rial. If  a  careful  microscopic  examination  is  made,  elastic  fibers 
are  almost  always  found  in  the  sputum  in  such  cases. 

While,  therefore,  the  inhalation  of  coal-dust  is  followed  by  indirect 
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results, — i.  e.,  increase  and  longer  duration  of  an  already  existing 
catarrh,  and  chronic  inflammatory  changes  in  the  neighborhood  of 
already  existing  focal  diseases, — the  inhalation  of  iron-  and  stone- 
dust  has  directly  injurious  effects  upon  the  pulmonary  tissue. 

Merkel,  based  on  his  ample  clinical  observations,  described  the 
effects  of  inhalations  of  iron-dust,  which  agree  with  those  of  stone- 
dust,  as  follows: 

Regarding  the  first  onset  of  catarrh,  everything  is  exactly  the 
same  as  in  anthracosis.  It  is  the  first  symptom;  probably  no  one 
who  exposes  himself  to  an  atmosphere  filled  with  iron-dust  is  exempt. 
The  same  is  true  of  the  sputa  if  we  substitute  iron-dust  for  coal- 
dust,  and  remember  that  the  presence  of  iron  is  readily  detected  by 
treating  the  sputa  with  dilute  hydrochloric  acid  and  adding  ferro- 
cyanid  of  potassium;  a  reaction  of  Prussian  blue  removes  every 
doubt. 

A  variable  interval  elapses  between  the  first  exposure  to  the  dust- 
laden  atmosphere  and  the  appearance  of  the  earliest  symptoms  of  any 
gravity;  it  may  be  only  nine  months  or  as  long  as  twenty-five  j^ears. 
The  earliest  case  on  record  occurred  in  an  individual  who  was  undoubt- 
edly diseased  when  he  began  to  work  at  the  trade.  The  average  dura- 
tion of  the  disease,  counting  from  the  first  grave  symptom  that  caused 
the  workmen  to  seek  medical  advice  to  the  fatal  termination,  was  two 
years ;  the  general  clinical  picture  and  all  the  symptoms  were  the  same 
as  in  ordinary  pulmonary  phthisis.  The  cough  is  at  first  intermittent 
and  later  becomes  constant.  Expectoration  of  mucoid  and  later  puru- 
lent sputa  containing  macroscopic  particles  of  dust,  physical  signs  of 
chronic  infiltration,  pleural  complications,  cavity-formation,  fever, 
night-sweats,  diarrhea,  loss  of  strength,  intercurrent  attacks  of  acute 
pneumonia,  partial  emphysema,  and  bronchiectases  make  up  the  clini- 
cal picture.  The  disease  may  lead  to  every  conceivable  consequence, 
such  as  congestion  in  the  greater  and  in  the  lesser  circulation,  hydro- 
pericardium,  hydrothorax,  ascites,  enlargement  of  the  liver,  albu- 
minuria, and  anasarca.  In  such  a  way  sooner  or  later  death  ensues, 
and,  except  for  the  sputa,  siderosis  does  not  differ  in  any  respect 
from  the  usual  picture  of  pulmonary  phthisis  of  the  lungs. 

Only  the  inhalation  of  Thomas  phosphate  meal  leads  to  acute 
inflammation  of  the  pulmonary  tissue.  According  to  Ehrhardt's 
report,  the  cases  generally  progress  like  croupous  pneumonia.  They 
commence  with  chills,  followed  by  stitch  in  the  side.  The  sputa 
are  bloody  or  rusty.  Herpes  appears  often  (6  times  in  20  cases). 
Physical  examination  shows  the  characteristic  signs  of  an  extensive 
pulmonary  consolidation,  mostly  affecting  one  or  both  lower  lobes. 
Departing  from  the  course  of  common  croupous  pneumonia, 
severe  delirium  frequently  set  in  during  the  initial  stage  and  some- 
times increased  to  maniacal  restlessness.  Most  patients  also  had 
severe  dyspnea,  sometimes  even  orthopnea.  Finally,  an  almost  com- 
plete cessation  of  expectoration  was  observed  to  be  a  constant 
symptom.     The  chsease  terminated  by  crisis  in  more  than  half  of  the 
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recovered  cases.  The  general  course  was  very  unfavorable.  Six 
died  out  of  twenty  affected.  Of  f!;roat  influence  for  a  lethal  termi- 
nation were:  age  (three  of  the  deceased  were  respectively  thirty- 
five,  forty-five,  and  fifty-seven  years  of  age),  renewed  attack  (in  two), 
preceding  bronchial  catarrh  (in  one  case). 

Pleural  effusions  often  accompanied  the  disease.  I  have  already 
mentioned  in  connection  with  the  pathology  that  the  disease  should 
not  be  taken  to  be  croupous  pneumonia,  but  must  be  considered  as 
atypical  pneumonia  (see  page  579).  This  view  is  supported  clinically 
by  the  early  appearance  of  delirium,  the  severe  dyspnea,  the  atypical 
expectoration,  and,  last  but  not  least,  the  great  mortality. 


PROPHYLAXIS  AND   TREATMENT. 

In  regard  to  pneumonokoniosis,  prophylaxis  has  a  very  difficult  task 
to  accomplish.  It  is  easy  to  define,  but  difficult  to  fulfil.  It  consists 
in  the  prevention  of  the  penetration  of  dust  particles  in  the  different 
trades  and  factories  which  are  associated  with  the  development  of  large 
quantities  of  dust.  As  far  as  the  inhalation  of  dust  occurs  outside 
of  the  dust-producing  manufactories,  it  does  not  amount  to  much, 
and  is  not  injurious  to  health,  consequently  it  need  not  be  considered. 

But  the  physician  in  recommending  prophylactic  measures  in  the 
sanitar}^  interest  of  the  laborer  has  to  consider  the  life  of  the  re- 
spective industries,  otherwise  he  might  take  radical  steps  and  plead 
that  no  laborer  should  expose  health  and  life  to  so  injurious  an  occu- 
pation. This,  however,  might  ruin  professions  which  yield  to  many 
men  the  income  which  is  required  for  their  living. 

Legislative  steps  should  be  taken  to  avoid  the  development  of 
dust  as  much  as  possible.  For  this  purpose  the  moistening,  whenever 
possible,  of  the  dust-producing  materials  is  of  advantage.  ^^'TiereA-er 
this  cannot  be  done,  it  may  be  possible  to  settle  the  dust  in  the  neigh- 
borhood of  the  laborer  by  sprinkling.  Furthermore,  the  working 
rooms  should  be  comparative!}^  large  and  well  ventilated,  and  ought 
to  be  provided  with  a  plentiful  supply  of  fresh  air  which  completely 
removes  the  dust-filled  air. 

Such  principles  are  long  since  acknowledged  and  carried  out  as  far 
as  possible.  Protective  means  against  the  inhalation  of  dust  which 
the  laborers  should  place  in  front  of  mouth  and  nose  proved  to  be 
either  inadequate  or  inapplicable,  as  is  exhaustively  explained  by 
Merkel,  who  also  refers  to  Harting,  Hesse,  and  Schreiber. 

While  these  precautions  should  be  taken  to  make  the  trade  as  such 
as  safe  as  possible,  individual  prophylactic  steps  should  be  insistedupon 
more  strenuously  than  they  have  been  in  the  past.  Laborers  must 
have  healthy  respiratory  organs  if  they  intend  to  work  at  a  trade 
which  is  connected  with  the  development  of  large  quantities  of  dust. 
Such  a  stipulation  is  humane  and  should  be  enforced  by  law.  Every- 
body who  applies  for  a  position  in  such   a  trade   should  have  to 
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undergo  a  careful  physical  examination.  If  only  the  slightest  abnor- 
mality of  the  pulmonary  apices  can  be  demonstrated,  if  only  the 
least  sign  of  an  emphysema  exists,  even  if  it  can  be  proved  that 
several  attacks  of  bronchial  catarrh  have  preceded,  the  employer 
must  be  prohibited  from  engaging  such  a  man.  The  same  should 
apply  to  such  laborers  who  have  been  working  at  a  dust-producing 
trade  and  during  their  occupation  have  acquired  an  affection  of  the 
respiratory  organs.  A  certain  age  limit  should  also  be  enforced,  as, 
according  to  Ehrhardt's  observations,  people  of  advanced  age  are 
most  exposed  to  danger. 

The  first  therapeutic  indication  is  to  remove  the  workman  from 
the  dust-laden  atmosphere  in  which  he  is  working  on  the  first  appear- 
ance of  symptoms  pointing  to  disease  of  the  respiratory  apparatus, 
even  though  it  be  nothing  more  serious  than  a  simple  bronchitis.  It  is 
quite  immaterial  whether,  in  the  case  of  coal-dust,  for  example,  we 
regard  the  inhalation  as  the  direct  cause  of  the  bronchitis,  or  adopt  the 
view  that  it  is  incapable  of  producing  bronchitis  and  merely  delays 
recovery  from  an  already  existing  bronchial  catarrh  and  favors  the 
entrance  of  dust  particles  into  the  pulmonary  tissue.  Whenever 
catarrh  has  actually  developed,  the  inhalation  of  coal-dust  must  be 
avoided  as  scrupulously  as  the  inhalation  of  iron-dust  or  stone-dust, 
which  in  themselves  suffice  to  bring  on  a  lesion  of  the  bronchial  mucous 
membrane  beginning  with  catarrhal  manifestations. 

If  the  physical  examination  reveals  the  existence  of  a  lesion  in  the 
pulmonary  tissue  itself,  it  makes  little  difference  whether  an  already 
existing  affection  of  the  apex  has  become  complicated  by  the  develop- 
ment of  extensive  chronic  consolidation  in  its  neighborhood,  as  usually 
happens  when  the  individual  has  been  exposed  to  coal-dust,  or  whether 
the  focal  disease  has  been  produced  by  the  inhalation  of  particles  of 
iron  or  stone  which,  on  account  of  their  higher  specific  gravity,  prob- 
ably exert  a  more  deleterious  influence  than  coal-dust;  in  most  in- 
stances the  disease  is  tuberculous  in  character;  i.  e.,  it  is  associated 
with  the  presence  and  the  malign  influence  of  tubercle  bacilli,  which 
must  be  fought  with  appropriate  hygienic  and  dietetic  measures,  as 
well  as  with  special  methods  of  treatment.  A  detailed  description  of 
the  latter  would  be  superfluous  in  this  connection. 

Acute  pneumonia  caused  by  inhalation  of  Thomas  phosphate  meal 
is  to  be  treated  according  to  the  principles  formulated  in  the  discussion 
of  croupous  and  atypical  pneumonia. 
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CHRONIC    PNEUMONIA. 

PATHOGENESIS  AND  PATHOLOGIC  ANATOMY. 

The  desci'iption  which  was  first  <2;i\-c'n  b}-  Lacnnoc  comjjrises  the 
entire  sphere  of  the  much-discussed  chronic  pneumonia.  His  words 
are:  "Around  cavities  which  originate  from  a  gangrenous  eschar  of  a 
lung,  I  at  times  found  the  puhnonary  substance  much  harder  than 
in  simple  hepatization;  the  tissue  grated  under  the  knife.  The 
cut  surface  was  more  distinctly  granular  than  in  acute  pneumonia. 
On  tearing  the  tissue,  the  granulations  appeared  to  be  more  sharply 
defined,  firmer,  and  drier.  They  showed  the  different  shades  of  acute 
hepatization,  but  violet-gray  and  blue-red  prevailed,  while  only  a 
few  yellow  points  were  visible.  The  entire  tissue  could  not  properly 
be  called  moist ;  b}^  scratching  with  a  knife  a  little  moisture  was  ob- 
tained." 

He  also  uses  the  term  chronic  to  describe  an  acute  pneumonia 
that  has  been  arrested  in  its  course  by  venesection  or  some  other 
antiphlogistic  procedure  which  has  failed  to  bring  on  prompt  resolu- 
tion or  prevent  an  aggravation  of  the  symptoms.  Thus  he  saw 
pneumonia  remain  for  two  months  in  the  stage  of  engorgement 
which  before  the  end  changed  into  simple  edema.  In  the  small 
number  of  cases  which  he  had  a  chance  to  dissect  he  found  areas  of 
firmer  and  less  moist  consistency  than  is  observed  in  acute  hepati- 
zation. In  the  interstices  between  these  areas  the  pulmonary  tis- 
sue appeared  much  infiltrated  by  serum  which  was  interspersed  with 
yellow  points.  This  fact,  as  well  as  the  yellowish  color  of  the  pul- 
monary tissue,  seemed  to  indicate  that  the  resolution  of  a  pneumonia 
had  entered  the  purulent  stage. 

This  description  includes  the  questions  which  are  still  unanswered 
at  present.  The  question  whether  chronic  pneumonia  results  from 
acute  genuine  pneumonia  has  never  been  finally  settled  to  this  day, 
although  Stokes  positively  maintained  it  to  be  a  fact.  "  He  absolutely 
concurs  with  Forbes,  that  although  primary  chronic  inflammation  of 
the  lungs  is  very  rare,  the  secondary  form  resulting  from  an  imper- 
fectly dissolved  acute  pneumonia,  or  as  a  complication  of  other 
morbid  conditions,  is  not  rare." 

If  we  follow  Laennec's  description  of  the  disease,  to  begin  with,  we 
have  to  consider  the  fact,  which  has  been  overlooked,  that  two  differ- 
ent kinds  of  processes  have  been  comprised  under  the  same  designa- 
tion. In  one  it  is  a  question  of  purely  secondary  changes.  A  gan- 
grenous area,  or,  according  to  Laennec,  a  hemoptysis,  or  even 
tuberculous  cavities  will  produce  chronic  pneumonia  of  the  sur- 
rounding pulmonary  tissue. 

Therefore  there  are  no  common  genetic  relations  between  cause 
and  effect.     The   pneumonic  affection  merely  represents  a  kind  of 
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encapsulation  of  a  necrotic  portion  of  lung  tissue ;  it  corresponds  to 
hyperostitis  surrounding  a  necrotic  portion  of  bone ;  according  to  the 
structure  of  the  pulmonary  tissue,  however,  the  encapsulation  is 
not  limited  to  a  narrow  field,  but  under  unfavorable  conditions  the 
complicating  inflammation  of  the  pulmonary  tissue  may  gradually 
spread  toward  the  periphery.  An}'-  pneumonia  of  this  kind  may 
surely  be  called  consecutive. 

Entirely  different  is  the  course  in  those  cases  in  which  the  affection 
is  said  to  have  been  caused  by  acute  pneumonia.  In  this  case  it  is  not 
at  all  necessary  to  decide  whether  this  is  really  the  case ;  but  simply 
to  demonstrate  that  a  chronic  pneumonia  which,  according  to  the 
opinion  of  most  authors,  is  to  be  attributed  to  acute  pneumonia,  is 
really  in  every  respect  entitled  to  a  separate  position  among  the 
above-mentioned  consecutive  forms.  Whether  it  originates  from 
genuine  pneumonia,  and  therefore  has  a  genetic  connection  with  the 
latter,  or  represents  an  independent  disease,  under  all  circumstances 
this  kind  of  chronic  pneumonia  must  be  regarded  as  primary,  since 
no  other  change  of  the  pulmonary  tissue  has  preceded. 

Primary  chronic  pneumonia  demands  greater  consideration,  partly 
on  account  of  its  independent  onset,  and  partly  on  account  of  the  more 
considerable  extension  of  the  process  from  the  beginning. 

The  earliest  and  best  macroscopic  description  is  that  of  Marchand, 
and  I  cannot  do  better  than  repeat  his  words. 

If  the  induration  is  observed  early,  it  differs  in  color  but  little  from 
gray  hepatization,  especially  if  an  entire  lobe  is  involved.  How- 
ever, the  coloring  is  more  or  less  reddish  according  to  the  greater 
or  lesser  development  and  congestion  of  the  vessels ;  in  greater  devel- 
opment of  the  same  it  may  even  become  dark  brownish-red.  The 
extreme  resistance,  elasticity,  and  toughness  of  the  parenchyma  are 
characteristic ;  one  tries  in  vain  to  penetrate  the  tissue  with  the  finger, 
which  can  easily  be  done  in  recent  hepatization.  In  examining  the  cut 
surface  it  appears  granulated,  but  the  granulation  is  much  less  dis- 
tinct than  in  recent  hepatization ;  the  impression  is  created  at  once 
that  the  contents  of  the  ah^eoh  are  much  more  closely  connected 
with  the  walls,  as  can  easily  be  demonstrated  b}^  scraping  with  a  knife 
which  produces  but  a  small  quantity  of  slightly  turbid  fluid  and  no 
larger  granules. 

Marchand  also  emphasizes  the  occurrence  of  firm  pleural  adhesions 
of  long  standing  in  all  cases  of  chronic  pneumonia.  This  leads  to 
better  vascularization  and  then  offers  better  conditions  for  the  new- 
formation  of  tissue.  Furthermore,  these  adhesions  diminish  the  ac- 
tivity and  elasticity  of  the  lungs,  and  therefore  diminish  the  access 
of  air. 

Von  Kahlden  lays  special  stress  upon  the  latter  point.  The 
decreased  access  of  air  may  be  followed  by  mechanically  increased 
blood-supply,  and  the  inaction  of  the  lungs  may  interfere  with  the 
removal  of  fibrin  by  means  of  resorption  and  expectoration. 

Fraenkel  does  not  consider  pleuritic  adhesion  to  be  of  such  impor- 
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tance.  In  the  second  of  the  cases  icporlcd  ]>y  him  such  adhesions  of 
long  standing  were  not  i)rcscnt  at  all.  According  to  my  observations 
as  well,  thov  need  not  ncccssaril}'  exist  in  jjronounced  cases  of  chronic 
pneumonia. 

A  microscopic  examination  is  required  to  obtain  a  clear  idea  of  the 
pathogenesis.  "Until  the  microscopic  appearances  corresponcUng  to 
one  of  the  traditional  or  newly  introduced  designations  have  been 
determined,  we  can  have  no  accurate  knowledge  of  the  respecti^'e 
condition.  It  is  therefore  necessary  to  demonstrate  the  elementary 
changes  that  produce  the  induration,  and  from  them  to  develop  the 
physical  signs  wliich  mitil  now  have  constituted  the  w'hole  of  our 
knowledge  of  the  conditions."  Thus  writes  Heschl,  who  was  the  first 
to  demonstrate  the  more  minute  pathologic  changes.  His  investiga- 
tions led  him  to  the  conclusion  that  induration  of  the  lungs  consists  in 
a  new-formation  of  connective  tissue,  communicating  with  the  tra- 
becular framework  of  the  lung  and  permeating  the  basal  tissue  of  the 
organ.  This  new  connecti^'e  tissue  he  derives  from  the  nuclei  of  the 
alveolar  capillaries.  During  the  subsequent  course  of  the  disease  the 
alveolus  may  become  permanently  occluded.  This  occlusion  is  prob- 
ably effected  by  two  processes,  in  addition  to  the  contraction  of  fibrin- 
ous products  deposited  in  the  alveoli.  One  of  these  processes  consists 
in  the  proliferation  of  the  connective  tissue  which  begins  in  the  blood- 
vessels of  the  alveolar  wall  until  finally  the  pulmonary  vesicle  is  com- 
pletely occluded.  The  only  circumstance  that  negatives  this  assump- 
tion is  the  small  volume  of  lungs  that  have  become  obsolete;  hence 
the  ultimate  obliteration  of  the  alveoli  probably  depends  chiefl}^  on 
another  process  which,  in  addition,  tends  to  obliterate  the  blood- 
vessels— namely,  the  shrinking  of  the  masses  of  newly  formed  connec- 
tive tissue  in  the  lung. 

An  observation  of  Heschl  deserves  special  notice.  It  is  the  pres- 
ence of  capillaries  running  a  slightly  tortuous  or  absolutely  straight 
course  and  either  terminating  abruptly  in  the  cavity  of  the  alveolus 
wdth  or  without  a  terminal  arborization,  or  passing  on  to  the  opposite 
w^all  and  penetrating  its  tissue.  His  interpretation  of  these  capilla- 
ries, however,  is  faulty.  The  entrance  of  the  capillaries  into  the  lumen 
of  the  alveoli  he  believes  to  be  due  to  a  loosening  of  the  normal  pul- 
monary capillaries  from  their  accustomed  firm  surromidings  hj  the 
newly  formed  connective  tissue  derived  from  the  spindle-shaped 
elements,  and  by  a  simultaneous  thickening  of  the  trabeculae;  the 
capillaries  thus  become  almost  or  completely  isolated  for  considerable 
distances. 

In  the  two  cases  which  Eppinger  had  an  opportunity  of  investigat- 
ing he  found  a  powerful  hyperplasia  of  the  interalveolar  connective 
tissue  w^hence  similarly  formed  fasciculi  of  spindle-shaped  prolif- 
erating connective-tissue  cells  projected  into  the  alveoli  like  plugs. 
They  contained  newly  formed  vessels.  He  assumes  that  the  material 
for  the  hyperplastic  proliferation  is  derived  from  an  increase  of  the 
adventitial  nuclei  of  larger  venous  trmiks  and  from  new  elements  re- 
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sembling  lymphoid  cells  or  white  blood-corpuscles,  around  narrow- 
vessels  and  capillaries.  He  believes  the  starting-point  of  these 
elements  to  be  the  pleura,  which  was  greatly  thickened  in  both  his 
cases,  and  from  the  inner  layers  of  which  processes  of  hyperplastic 
connective  tissue  in  all  stages  of  development,  from  spindle  cells  to 
completely  formed  fibrillar  connective  tissue,  extended  into  the  pul- 
monary tissue. 

Ackermann  and  Thierfelder  demonstrated  in  the  case  which  they 
elaborately  described,  clinically  and  anatomically,  a  considerable  de- 
velopment of  the  periarterial  and  of  the  interalveolar  tissue,  and  con- 
cluded that  the  alveoli  lose  in  width  in  proportion  as  the  volume 
of  their  septa  increases.  The  constriction  and  final  destruction  of  the 
alveoli  occurs  therefore  in  such  a  manner  that  they  are  closed  by  over- 
growth from  their  periphery.  The  authors  also  found,  not  rarely,  in 
some  specimens  throughout,  that  a  spherical  mass  of  connective  tissue 
with  a  short  pedicle  had  grown  from  the  interalveolar  tissue  into  the 
alveolus  and  filled  all  but  a  narrow  portion  near  the  periphery.  The 
hyperplasia  of  the  interlobular  connective  tissue  is  consequently  of 
not  much  importance  for  the  alveolar  atrophy.  Moreover,  a  consid- 
erable development  of  the  alveolar  epithelium  was  found  in  the  re- 
maining alveoli  so  that  the  lumen  was  completely  occluded. 

According  to  Marchand,  the  great  mass  of  the  connective  tissue 
concerned  in  the  production  of  pulmonary  induration  is  found  in  the 
alveoli  themselves;  later  it  melts  down  along  with  the  alveolar  wall, 
and  ultimately  undergoes  cicatricial  contraction.  Most  of  the  alveoli 
contain  club-shaped  or  irregular  masses  which  are  attached  to  the 
walls  by  peduncular  processes  and  by  isolated  fibers  and  blood-vessels ; 
the  peripheral  portion  consists  principally  of  densely  packed  spindle 
cells,  which  also  extend  into  the  pechcles,  while  the  central  portion 
frequently  retains  a  fairly  homogeneous,  granular,  and  fibrillar  struc- 
ture. The  development  of  the  connective  tissue,  he  says,  begins  in 
the  originally  fibrinous  contents  of  the  alveoli  which  form  the  nucleus  ; 
the  fibrinous  mass  condenses  and  then  represents  a  fairly  homogeneous, 
granular,  and  fibrillar  mass,  around  and  through  which  the  young 
connective-tissue  cells  proliferate  from  all  directions.  It  is  more  than 
likely  that  the  latter  are  nothing  but  converted  lymph-corpuscles. 

The  growth  of  connective  tissue  is  accompanied  pari  passu  by  the 
new-formation  of  blood-vessels.  The  latter  begins  in  the  vessels  of 
the  alveolar  wall,  as  Heschl  and  Eppinger  assumed.  Marchand  de- 
duces from  the  microscopic  findings  that  the  young  blood-vessels  are 
formed  from  sprouts  on  the  capillary  wall;  these  nucleated  sprouts 
become  elongated,  and  finally  undergo  canalization.  It  is  at  least 
certain  that  the  formation  of  spindle  cells  in  the  alveolar  contents  pre- 
cedes the  development  of  the  blood-vessels. 

The  participation  of  the  interalveolar  and  interstitial  tissue  during 
the  onset  of  the  process  is  of  no  importance.  The  principal  change 
consists  of  cellular  infiltration,  mostly  in  the  immediate  proximity  of 
the  thickened  pleura  and  in  the  larger  interstices,  also  in  the  adven- 
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titia  of  the  larj^or  vessels  and  bronclii ;  not  until  the  later  stages  thick- 
ening of  the  ah'eolar  walls  takes  place  in  connection  with  shrinkage 
of  the  connective  tissue  and  atrophy  of  the  alveoli. 

"  Finally,  with  regard  to  the  name  of  this  termination  of  pneu- 
monia it  seems  proper,  in  order  to  avoid  misunderstandings,  to  drop 
the  old  designations,  induration,  interstitial  pneumonia,  chronic  pneu- 
monia, for  this  condition ;  partly  because  each  of  them  is  also  used  for 
other  conditions,  partly  because  it  is  not  expressive  of  the  nature  of 
the  process.  As  it  is,  a  ciuestion  of  the  substitution  for  the  fibrinous 
exudate  which  fills  the  alveoli  of  connecti\'e  tissue  which  finall}^ 
leads  to  the  formation  of  a  dense  fibrous  mass  occupying  large  areas  of 
the  lungs,  the  entire  condition,  which  originates  in  fibrinous  pneumo- 
nia, might  be  designated  chronic  fibrous  pneumonia." 

Von  Kahlden  investigated  five  cases  of  induration  of  the  lungs 
following  croupous  pneumonia.  Two  to  five  weeks  after  the  onset  of 
the  disease  they  terminated  in  death.  All  the  cases  presented  a  nearly 
uniform  histologic  picture  which  showed  a  new-growth  of  connective 
tissue  taking  place  almost  exclusively  within  the  alveoli,  and  in 
which,  undoubtedly,  the  first  appearing  fibroblasts  originated  in  the 
connective  tissue  of  the  alveolar  wall.  Apart  from  a  moderate  en- 
largement by  ectatic  vessels,  the  alveolar  septa  showed  a  slight  thick- 
ening, depending  upon  an  increase  of  their  cellular  elements.  The 
thickening  of  the  alveolar  walls  does  not  increase  in  the  later  stages, 
so  that  the  connective-tissue  induration  of  the  lungs  is  almost  exclu- 
sively the  result  of  neoplastic  connective  tissue  within  the  alveoli. 
The  vascularization  of  the  newly  formed  connective  tissue  is  effected 
by  newly  formed  vessels  which  extend  from  the  pre-existing  vessels 
of  the  alveolar  wall  into  the  plugs  that  fill  the  lumen. 

Clark  considers  fibrous  induration  of  the  lungs  to  be  an  indepen- 
dent cUsease,  and  assumes  three  possibilities  of  its  origin.  According 
to  his  view:  (1)  Without  any  other  affection  of  the  pulmonary  paren- 
chyma proper,  tlie  pleura  may  become  thickened,  send  out  coarse 
connective-tissue  fibers  into  the  parenchjmia,  and  irritate  it  to  con- 
nective-tissue induration.  (2)  The  interlobular  tissue  may  act  in  the 
same  manner  by  in^'olving  the  alveoli  in  the  process  without  any  in- 
dependent affection  being  present  in  the  latter.  Clark  has  seen  cases  in 
which  the  principal  changes  took  place  in  the  interlobular  tissue,  while 
the  interalveolar  septa  were  only  thickened  by  spindle-cell  tissue  with- 
out the  lumina  of  the  alveoli  having  been  filled  with  exudation  masses. 
(3)  Exudation  into  the  lumen  of  the  alveolus  may  take  place ;  but  the 
exudate  is  altogether  different  from  that  which  occurs  in  fibrinous  and 
catarrhal  pneumonia.  The  exudate  rapidly  becomes  converted  into 
fibrous  tissue,  the  spindle  cells  of  which  are  evidently  derived  from  the 
small  corpuscular  elements  underneath  the  epithelial  cells  in  the  inter- 
vascular  spaces  and  on  the  walls  of  the  alveoli,  but  not  from  the  alveo- 
lar epithelium  proper. 

According  to  Molly  Herbig,  the  most  conspicuous  objects  in  micro- 
scopic sections  are  the  restiform  structures,  which  are  often  so  long 
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that  they  are  bounded  by  thirty  or  more  alveoH.  The  diameter  varies 
shghtly  in  different  portions  of  the  structm'e,  which  is  partly  straight 
and  partly  curved  in  various  ways.  The  cords  frequently  divide  into 
two  or  more  branches,  which  may  again  subdivide,  so  that  the  entire 
structure  assumes  an  arborescent  appearance.  At  various  points  the 
main  trunk  and  lateral  branches  present  local  enlargements  which 
bulge  more  or  less  into  the  surrounding  tissue.  These  enlargements 
or  excrescences  occasionally  enter  the  adjacent  alveoli  and  fill  them 
more  or  less  completely,  forming  club-shaped  or  plug-like  masses. 
Some  alveoli  are  also  found  that  do  not  contain  these  masses.  The 
walls  of  these  alveoh  are  only  slightly  thickened,  and  the  lumen  usually 
contains  cellular  material  of  varying  density. 

These  arborescent  structures  that  have  just  been  described  are 
undoubtedly  found  also  in  some  of  the  bronchi,  where  they  partially 
or  completely  fill  the  lumen.  The  neoplastic  process  has  its  origin  in 
the  terminal  branches  of  the  bronchi. 

The  surface  of  these  club-shaped  masses  and  bands  of  newly 
formed  tissue  are  frequently  covered  with  a  layer  of  epithelial  cells, 
as  Marchand  has  stated.  These  cells  are  either  in  immechate  contact 
with  the  connective  tissue  or  separated  from  it  by  a  cleft-like  interval. 
Within  the  alveoli,  especially  on  the  acuminated  portions  of  the  occlud- 
ing plug,  the  epithelial  cells  continue  to  grow  for  a  certain  distance 
independently,  in  a  single  or  double  row,  thus  extending  further  into 
the  lumen,  or  even  as  far  as  the  alveolar  wall. 

Kohn  believes  that  the  interlobular  connective  tissue,  under  the 
influence  of  some  irritation,  proliferates  and  sends  out  processes  into 
the  adjacent  alveoli;  the  fibrous  exudate  here  becomes  organized  and 
penetrates  by  way  of  the  pores  into  the  next,  and  then  into  the  third 
adjoining  alveolus;  that  is,  the  interlobular  or  pleural  connective  tis- 
sue plays  the  principal  part  in  the  process.  According  to  Molly  Her- 
big,  this  opinion  is  contradicted  by  the  fact  that,  as  can  be  observed 
macroscopically,  just  imder  the  surface  of  the  pleura  a  narrow  streak 
of  absolutely  airless  tissue  exists  in  the  lungs  which  is  already  plainly 
consolidated,  and  that,  as  the  microscopic  examination  will  prove, 
there  is  no  question  of  plug  formation  in  the  alveoli  as  yet,  or  that  the 
first  bulb-like  spores  of  the  new-formed  restes  just  advance  into  these 
alveoli.  However,  Kohn  is  perfectly  right  when  he  maintains  that 
the  mentioned  connecting  cellular  rows,  which  he  has  described, 
penetrate  the  alveolar  walls,  and  considers  a  basis  for  this  phenome- 
non the  fact  that  in  fibrinous  pneumonia  the  fibrinous  plugs  also  are 
connected  with  each  other  by  delicate  fibers  which  pass  through  the 
wall,  because  it  is  certainly  correct  that  the  connective-tissue  devel- 
opment of  the  induration  process  follows  the  tracks  marked  out  by 
the  fibrin. 

Borrmann,  a  disciple  of  Orth,  joins  the  opinion  of  former  investiga- 
tors, and  lately  principally  that  of  von  Kahlden,  that  in  connective- 
tissue  induration  of  the  lungs  we  have  to  deal  with  a  fibrous  prolifera- 
tion in  the  lungs  which  originates  in  the  alveoli ;  a  process  wliich  is 
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quite  aiial()<i;()iis  to  tliat  of  tliroiiibus  organization  from  the  vascular 
wall. 

But  it  nMiiains  an  unanswered  question  for  the  present  whether  the 
first-appearing  fibroblasts  originate  in  the  endothelia  of  the  vessels 
contained  in  the  interalveolar  septa,  as  is  assumed  by  Fiegler  and 
others,  or  from  the  connective-tissue  cells  of  the  parenchyma,  as  is 
maintained  by  Orth  and  others,  or  whether  the}'  have  still  another 
source. 

This  apparently  quite  exhaustive  compilation  onh'  comprises  a 
part  of  the  publications  in  reference  to  chronic  pneumonia.  As  the 
papers  of  ^larchand,  Amburger,  and  a  condensed,  very  able  report  of 
von  Kahlden  contain  a  complete  bibliography,  it  may  be  admissible 
to  specially  mention  here  only  those  papers  to  which  confirmatory  or 
supplementar}-  reference  had  to  be  made  in  communicating  my  own 
observations. 

A  microtome  section  from  a  lung  in  the  stage  of  full  develop- 
ment of  chronic  pneumonia  offers  a  truly  striking  picture  after  proper 
staining;  especially  if  the  Biondi-Heidenhain  triple  stain  (see  page  396) 
be  used.  At  numerous  places  single  parts  of  the  section  comprising 
ten  and  more  alveoli  appear  to  be  uniformly  changed.  The  alveoli  are 
shghtly  diminished  in  size  throughout  and  filled  by  a  globular  mass 
which  on  a  fibrous  basis  contains  a  fairly  large  number  of  nuclei. 
Within  this  newly  formed  mass,  usually  near  the  center,  are  capillary 
vessels.  As  the  individual  red  blood-corpuscles,  when  stained  ^Aith 
the  Biondi-Heidenhain  mixture,  take  a  golden  yellow  color  and  almost 
always  completely  fill  the  blood-vessels,  forming  a  compact  column,  it 
is  eas}^  to  see  that  the  corpuscles  and  the  wall  of  the  vessel  which 
contains  them  are  in  direct  communication  with  the  capillary  vessels 
of  the  alveolar  wall  (see  Plate  4,  Fig.  11).  The  capillaries  found 
within  the  alveolar  contents  must  therefore  have  grown  directly  from 
the  normal  capillaries  of  the  alveolar  wall.  In  one  instance  I  even  saw 
a  capillary  vessel  that  passed  through  the  fibrous  contents  of  two 
alveoh,  so  that  it  must  have  passed  through  the  alveolar  wall. 

Some  alveoli  are  not  filled  with  fibrous  tissue,  but  with  a  hyaline 
mass  which  has  no  vessels.  This  turns  rosy  on  applying  the  above 
stain.  In  rare  cases  one-half  of  the  alveolar  contents  consists  of  this 
hyaline  mass,  the  other  of  fibrous  vascular  tissue. 

But  this  fibrous  tissue,  w^here  it  appears  alone  or  with  the  hyaline 
mass,  does  not  always  completely  fill  the  alveolus,  and  such  places 
offer  conditions  which  can  be  utilized  for  the  explanation  of  the 
•entire  process. 

The  central  part  of  the  alveolar  contents  contains  a  capillar}^ 
vessel,  sometimes  two.  The  vessel  is  surroimded  b}'  numerous  roimd 
cells;  outside  of  these  are  oblong  cells  with  oblong  nuclei.  At  both 
ends  of  these  cells  are  processes,  sometimes  of  considerable  length.  At 
dift'erent  places  the  cells  are  transformed  into  long  fibers  because 
their  nuclei  have  disappeared.  Such  findings  speak  ver}'  forcibly 
for  the  opinion  which  I   expressed  long  ago,^  that  the  connective- 


692  INFLAMMATIONS  OF  THE  LUNGS. 

tissue  fibrils  emanate  immediately  from  the  cellular  protoplasm; 
here  it  will  be  sufficient  to  prove  the  fact  that  a  new  formation  of 
connective  tissue  takes  place. 

Between  this  unquestionably  newly  formed  mass — which  consists 
inside  of  round  cells  with  capillaries,  outside  of  spindle  cells  with 
fibrillary  processes  and  connective-tissue  fibrils — and  the  alveolar 
wall  remains  an  empty  space,  as  stated,  but  always  in  the  shape  of  a 
larger  or  smaller  crescent ;  for  the  entire  new-formation  is  attached 
to  some  place  of  the  alveolar  wall  in  the  same  manner  as  a  bud  to  its 
stem.  It  is  at  such  a  place  that  the  capillary  vessels  enter  the  newly 
formed  mass  from  a  normal  alveolar  vessel  in  the  alveolar  wall.  In 
the  remaining  empty  space  between  the  new-formation  and  the 
alveolar  wall  are  almost  without  exception  large  cells  with  a  wide  pro- 
toplasmic margin  which  can  only  correspond  to  swollen  alveolar  epi- 
thelia.  To  consider  them  to  be  the  new-formed  epithelial  cover  of 
the  bud-  or  button-like  fibrous  mass  which  advances  into  the  alveoli 
is  not  admissible,  as  they  never  lie  on  the  new-formation,  but  are 
either  free  in  the  empty  space  or  on  the  alveolar  wall. 

It  is  just  as  important  for  the  elucidation  of  this  process  that  at 
numerous  places  several,  even  many,  of  these  bud-like  growths  of  the 
alveolar  spaces  are  connected  with  each  other  by  bridges  which  pass 
through  the  alveolar  walls.  These  bridges  are  composed  of  long- 
drawn-out,  nucleated,  spindle  cells. 

But  nowhere  an  active  participation  of  the  alveolar  walls  in  the 
entire  process  can  be  demonstrated.  Nowhere  exists  an  increase  of 
cells  or  a  broadening  of  the  interstices.  That  the  process  in  the 
alveolar  walls  is  entirely  passive  I  am  inclined  to  conclude  from  the 
following  facts :  Sometimes  there  are  found  newly  formed  nodes  of 
tissue  of  the  described  kind,  i.  e.,  alveolar  new-formations  consist- 
ing in  capillary  vessels,  round  cells,  spindle  cells,  and  connective-tissue 
fibrils,  of  so  large  a  volume  that  it  must  be  presumed  they  com- 
pletely fill  an  inf undibulum ;  therefore,  they  must  have  completely 
obliterated  the  alveolar  wall.  Then,  also,  the  connecting  bridges  be- 
tween the  contents  of  neighboring  alveoli  are  often  so  wide  that  here 
also  an  obliteration  of  the  interalveolar  tissue  must  have  taken  place. 
That  such  an  obliteration  takes  place  has  also  been  presumed  by 
Aldinger.  These  are  the  findings  which  are  valuable  for  the  explana- 
tion of  the  entire  process. 

As  there  cannot  be  any  doubt  that  newly  formed  tissue  exists 
within  the  alveoli,  the  next  question  will  be :  From  which  elements  do 
these  new-formations  originate?  A  participation  of  the  alveolar  epi- 
thelium is  to  be  excluded.  In  cases  in  which  the  alveoli  are  not 
completely  filled  by  the  new-formations,  where  therefore  an  empty 
space  exists,  the  alveolar  epithelium  is  seen  to  be  intact,  although 
swollen.  Therefore  it  was  necessary  to  return  to  the  remaining  con- 
nective-tissue elements  of  the  pulmonary  tissue  for  their  origin.  On 
this  theory,  Kohn  attributes  the  process  to  the  fact  that  the  inter- 
lobular and  even  the  pleural  connective  tissue  sends  out  sprouts  into 
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the  alveoli.  ]\Iolly  Horl^ig  correctly  objected  to  this,  as  the  pulmonary 
tissue  immediately  under  the  pleura  often  appears  fully  intact. 

However,  Kohn's  view  that  in  chronic  i)neumonia  the  newlv 
formed  tissue  follows  the  same  lines  as  tloes  the  fibrin  exudation  in 
acute  croupous  pneumonia  is  correct.  The  fibrin  of  neighboring  alveoli 
is  connected  by  communicating  fibers  which  penetrate  the  alveolar 
wall.  How  this  occurs  has  been  described  in  detail  on  page  398. 
There  I  ex])lained  the  passage  of  the  fibrin  threads  through  the 
alveolar  wall  by  the  fact  that  fibrin  originates  in  the  blood  exclusively, 
and  for  this  reason  must  principal!}"  be  found  in  the  neighborhood  of 
the  capillaries.  As  the  capillaries  penetrate  the  alveolar  wall,  the 
fibrin  is  bound  to  accompany  them  e^'e^ywhere  and  is,  therefore, 
present  in  the  wall  of  the  alveoli  as  well  as  in  the  lumen  of  the  same. 
The  strongest  fibrin  threads  must  even  be  in  the  wall,  because  the 
fibrin  cannot  spread  out  as  easily  here  as  in  the  alveolar  lumen  (see 
figure  24,  page  398,  and  Fig.  2  on  Plate  4).  This  explanation  does 
away  with  the  supposition  of  special  stomata  in  the  alveolar  wall. 

Only  one  difference  exists  between  the  communicating  bridges 
which  penetrate  the  alveolar  walls  in  chronic  pneumonia  and  the 
fibrin  threads  of  acute  pneumonia.  In  the  former  they  are  generally 
materiall}'  stronger.  Therefore  at  first  a  pressing  apart  of  the  tissue 
elements  of  the  alveolar  wall  must  take  place  and  then  an  obliteration 
of  the  same  must  occur.  This  fact  was  not  considered  by  Molly  Her- 
big  when  he  assumed  that  the  entire  process  originated  in  the  final 
terminations  of  the  bronchi,  becaiLse  on  such  a  supposition  the  pas- 
sage through  the  alveolar  wall  cannot  possibly  be  explained. 

"Wlien  I  myself  went  over  a  large  collection  of  preparations  which 
plainly  brought  to  \dew  the  tissue-buds  in  the  alveoli  connected  by 
communicating  bridges,  I  was  involuntarily  reminded  of  microscopic 
pictures  which  I  had  seen  in  my  experimental  investigations  of  the 
healing  of  wounds.  I  was  able  to  demonstrate  in  ni}-  work  on  the 
origin  of  the  connective  tissue  ^  in  muscle  wounds,  which  I  caused 
to  heal  subcutaneously  by  chsplacing  the  skin  over  them,  that  into  the 
empty  space  which  is  produced  by  retraction  of  the  muscle  fibrin  enters 
first,  that  white  blood-corpuscles  enter  into  this  fibrin,  and  that  from 
these  the  connective  tissue  creating  the  scar  is  formed. 

In  spite  of  many  contradictions,  I  think  I  am  entitled  still  to  up- 
hold my  view  at  present  that  the  connective  tissue  emanates  from 
white  blood-corpuscles  in  the  manner  I  described  at  the  place  referred 
to. 

The  observations  made  in  chronic  pneumonia  merely  tend  to 
confirm  this  ^dew  of  mine.  The  theories  in  regard  to  the  origin  of  the 
connective-tissue  formations  ^^'ithin  the  alveoli,  which  have  been  men- 
tioned so  far  and  which  do  not  appear  plausible,  collapse  as  soon  as  we 
cease  to  rebel  against  the  fact  that  white  blood-cells  are  the  ancestors 
of  the  long-drawn-out  spindle  cells  observed  in  these  formations. 
The  explanation  of  the  whole  process  immediately  becomes  quite 
simple.     According  to  general  agreement,  we  may  consider  to  be  the 
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first  change  the  presence  of  fibrin  in  the  alveoh  which,  as  in  acute 
croupous  pneumonia,  also  penetrates  the  alveolar  walls  and  connects 
the  contents  of  several  alveoli.  This  is  followed  by  the  escape  of  white 
blood-corpuscles,  which,  just  as  in  wounds,  embed  themselves  in  the 
fibrin.  Then  nothing  is  more  obvious,  especially  in  view  of  the  ab- 
sence of  all  necrobiotic  changes  in  the  white  blood-corpuscles,  than  the 
presumption  that  the  white  blood-corpuscles  which  have  entered  the 
fibrin  undergo  progressive  changes,  and,  in  just  such  a  manner  as  I 
have  described  in  connection  with  the  genesis  of  connective  tissue,  are 
partly  used  for  the  construction  of  the  vessels  which  are  present  in  the 
center  of  the  alveolar  formations,  and  partly  undergo  a  transforma- 
tion into  spindle-shaped  cells  and  connective  tissue. 

On  this  basis  the  relations  of  chronic  pneumonia  to  acute  crou- 
pous pneumonia  are  placed  in  a  different  light.  A  number  of  weighty 
reasons  speak  for  the  supposition  that  the  two  diseases  are  in  very 
close  genetic  relationship.  To  begin  with,  Fraenkel,  in  one  of  his 
cases,  found  Diplococcus  pneumonise  just  as  in  croupous  pneumonia. 
Further,  the  clinical  onset  of  the  disease,  at  least  in  some  cases,  is 
the  same  as  in  croupous  pneumonia.  Finally,  the  pathologic  change 
in  the  beginning,  is  the  same,  consisting  in  a  swelling  of  the  alveolar 
epithelium  and  an  exudation  of  fibrin  into  the  alveoli. 

Only  in  one  respect  I  have  to  maintain  a  view  which  deviates 
from  the  current  explanations  of  the  genesis  of  the  disease.  Chronic 
pneumonia  does  not  correspond  to  croupous  pneumonia  in  its  charac- 
teristic stages ;  its  course  corresponds  only  with  the  first  stage  of  crou- 
pous pneumonia,  i.  e.,  swelling  of  the  alveolar  epithelium  and  exuda- 
tion of  fibrin,  but  from  then  on  it  proceeds  in  a  different  manner.  A 
hemorrhage  into  the  alveoli,  which  in  croupous  pneumonia  follows  the 
exudation  of  fibrin,  does  not  occur;  therefore  the  white  blood-cor- 
puscles cannot  get  into  the  alveoli  which  were  previously  filled  with 
red  blood-corpuscles ;  they  enter  the  fibrin,  but  much  more  slowly 
than  in  acute  croupous  pneumonia.  With  this  slower  process  the 
possibility  of  organization  into  connective  tissue  is  connected. 

The  final  termination  of  the  disease  consists  in  contraction  of  the 
pulmonary  tissue.  Wherever  chronic  pneumonia  has  its  course  as 
such  alone  without  ■  complications,  the  histologic  findings  show  that 
bronchiectases  cannot  possibly  form.  The  bronchi  undergo  a  gradual 
narrowing,  the  thorax  falls  in,  even  the  large  vascular  trunks  are  so 
constricted  that  the  principal  branch  of  the  pulmonary  artery  on  the 
affected  side  in  a  manner  becomes  an  aneurysmal  appendage  to  the 
main  trunk,  and  accordingly  causes  sounds  such  as  I  described  in 
one  case.^  In  the  latter,  the  right  ventricle  was  also  much  hyper- 
trophied.  Eppinger  and  Ackermann  also  mention  the  occurrence  of 
hypertrophy  of  the  right  heart.  The  microscopic  investigation  of 
the  final  stage,  cirrhosis,  shows  that  the  tissue  consists  of  almost 
nothing  but  long,  broad,  vitreous,  or  hyaline  bands.  In  half  a  pul- 
monary lobe,  even  in  an  entire  one,  all  the  structural  parts  of  the  pul- 
monary parenchyma   may  be   completely  obliterated.     Only  a  few 
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small,  narrow  cell-nuclei  are  visible  in  this  basic  tissue,  and  more  or 
less  considerable  accumulations  of  coal  particles  bring  some  change 
into  the  monotonous  picture  of  fibrinoid  degeneration,  the  general 
character  of  wliich  has  been  more  minutely  in^'estigated  b}'  Neu- 
mann. I  shall  refer  to  it  again  in  the  paragraph  dealing  with  throm- 
bosis and  embolism. 

In  view  of  these  hyaline  bands  of  tissue,  which  extend  without  a 
break  over  considerable  distances,  but  one  explanation  of  the  occur- 
rence of  this  alteration  is  possible.  The  only  structures  that  corre- 
spond in  length  and  direction  with  these  hyaline  bands  are  the  masses 
of  fibrin  which  escape  from  the  blood  during  the  beginning  of  the  dis- 
ease and  infiltrate  a  considerable  number  of  alveoli ;  these  fibrin  masses 
furnish  a  foundation  for  the  white  blood-cells  which  emigrate  later  and 
become  converted  into  connective  tissue.  The  newly  formed  tracts 
of  connective  tissue,  which  have  gradually  caused  the  atrophy  of  all 
the  alveolar  walls,  eventually  themselves  become  obHterated  and  fall 
a  prey  to  fibrinoid  degeneration. 

Changes  in  the  lungs  which  are  known  under  the  name  cardio- 
pulmonary defects,  and  which  are  dependent  upon  engorgements  in 
the  lesser  circulation,  complicated  the  pathologic-anatomic  process 
which  has  been  described  so  far,  because  the  final  outcome  of  these 
engorgements  is  chronic  pneumonia,  which  in  comparison  to  other 
forms  only  occupies  an  etiologic  relationship,  but  pathologically  and 
anatomically  is  to  be  considered  an  analogous  process.  Hasse  was 
the  first  to  report  that  he  had  observed  the  brown  induration  of  the 
lungs,  which  was  described  by  Andral,  as  a  consequence  of  considera- 
ble hypertrophy  of  the  heart.  It  appeared  as  if  the  chronic  inflamma- 
tory process  in  these  cases  had  developed  from  a  simple  congestive 
condition,  which  was  kept  up  partly  by  the  congestion  in  the  lungs, 
which  is  always  increased  in  heart  disease,  and  partly  by  the  uninter- 
rupted action  of  the  pathologically  increased  cardiac  impulse ;  and 
had  increased  to  a  true  inflammation.  Always  the  lower  lobe,  prin- 
cipall}^  the  left,  was  attacked.  The  parench^^ma  appeared  sohd, 
nowhere  permeable  or  crepitant,  although  not  engorged  with  blood. 
The  cut  sm-face  was  smooth  and  even.  Virchow  has  described 
this  condition  as  brow^n  induration.  Upon  opening  the  thorax 
the  lungs  are  very  prominent,  they  do  not  collapse  on  the  admit- 
tance of  outside  air,  are  more  compact  to  the  touch,  heavier,  inelastic, 
only  slightly  crepitant,  and  often  show  a  peculiar  yellowish,  brown- 
ish, or  red-brown  hue. 

Bamberger  calls  this  brown  or  pigment  induration  a  ver}'  common 
condition  of  the  lungs  in  vahailar  defects,  and  ascribes  it  to  a  hyper- 
trophy of  the  pulmonary  connective  tissue  v^dth  a  plentiful  deposition 
of  pigment  which  causes  the  extraordinary  consoKdation  and  firmness 
of  the  tissue. 

Buhl,  later,  reported  a  very  remarkable  change  in  brown  indu- 
ration— namely,  the  finding  of  high-graded  dilatation  and  elonga- 
tion of  the  capillary  vessels  of  the  alveoli ;  this  has  been  confirmed  by 
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Virchow.  Feuker,  however,  maintains"^"  that  such  findings  are  doubt- 
ful, or  at  least  a  rare  occurrence.  He  ascribes  the  induration  to  the 
accumulation  of  cells  in  the  alveoli  which,  on  account  of  the  almost 
always  existing  chronic  bronchial  catarrh,  have  been  aspirated  from 
the  finest  bronchioles  into  the  alveoli.  Contrary  to  this,  Colberg  again 
confirms  the  findings  of  Buhl.  In  six  cases  of  brown  induration  he  dem- 
onstrated them  twice.  Rindfleisch  also  emphasizes  this  condition 
of  the  capillaries,  although  he  does  not  deny  a  certain  increase  of 
the  interstitial  connective  tissue. 

Orth  names  an  occurrence  which  has  not  been  mentioned  by  any- 
body else  in  brown  induration.  He  found  in  the  lungs  of  a  woman 
who  died  of  mitral  insufficiency  and  stenosis,  not  only  numerous  capil- 
laries, but  also  larger  vessels  (veins),  filled  with  a  brown  granular  mass, 
and  concluded  therefrom  that  a  direct  pigment  formation  by  red  cor- 
puscles may  take  place  without  the  mediation  of  cells. 

According  to  my  observations,  I  can  confirm  the  extraordinary 
dilatation  of  the  alveolar  capillaries,  and  maintain  that  they  take 
place  only  in  protracted  engorgements  in  the  lesser  circulation.  I 
have  not  found  that  the  interalveolar  or  the  interlobular  tissue 
undergoes  thickening.  But  the  dilatation  cannot  be  a  sign  of  brown 
induration,  although  its  presence  alone  may  be  sufficient  to  produce 
a  conspicuous  change  in  the  pulmonary  consistency.  The  distention 
of  the  capillaries  does  not  occur  in  every  instance,  and  when  it  is 
present,  it  need  not  necessarily  exist  alone.  At  least  I  found,  in  two 
cases  which  I  investigated  for  this  purpose,  other  changes  which  prove 
that  the  alveoli  participate  in  the  process.  In  addition  to  swollen 
epithelium,  not  a  few  red  blood-corpuscles  appear,  a  finding  which 
really  is  to  be  expected  in  view  of  the  so-called  cardiac-lesion  cells 
being  present  in  the  sputum ;  because,  as  will  be  more  fully  explained 
in  the  description  of  the  symptoms,  the  cells  contain  yellow  and  brown 
pigment  granules,  and  these  can  have  resulted  only  from  the  disinte- 
gration of  red  blood-corpuscles.  This  disintegration,  however,  must 
necessarily  take  place  within  the  alveoli  if  the  alveolar  epithelia  are  to 
take  up  the  blood  pigments. 

If,  in  addition  to  the  swelling  of  the  alveolar  epithelium,  and  to  the 
exudation  of  red  blood-corpuscles,  an  emigration  of  leucocytes  takes 
place,  as  happens  in  isolated  portions  of  the  lung,  the  alveoli  become 
filled  with  a  cellular  material,  to  the  complete  exclusion  of  the  air. 
But  even  these  changes  do  not  represent  the  final  outcome  of  the  mor- 
bid process,  so  far  as  the  alveoli  are  concerned;  if  the  disease  lasts 
long  enough,  it  leads  to  chronic  pneumonia,  with  or  without  dilatation 
of  the  vessels,  as  I  am  prepared  to  show  by  the  following  observation : 

A  young  man,  nineteen  years  of  age,  acquired  heart  disease  in  1893,  in 
addition  to  acute  rheumatoid  arthritis,  and  since  then,  suffered  principally 
from  asthma  and  palpitation,  but  was  able  to  do  office  work.  Early  in 
March,  1898,  he  was  attacked  by  bilateral  serous  pleuritis,  which,  on  March 
27th,  caused  his  admittance  to  the  hospital.  He  was  discharged  on  May 
14th,  after  he  had  completely  recovered  from  the  pleural  effusion.    But  on 
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Juno  10,  1898,  lie  had  to  be  roadinittod  on  account  of  severe  increase  of  his 
heart  disease,  and  on  June  IGth  he  died  witli  all  the  symptoms  of 
cardiac  insufliciency.  The  autopsy  took  jjlace  twenty-four  hours  later. 
As  it  showed  remarkable  changes  only  in  the  lungs  and  the  heart,  these 
alone  will  l)e  descril^ed  here. 

The  right  lung  in  general  is  heavy,  the  apex  very  emphy.sematous,  the 
pleura  but  tlelicate;  in  a  few  places  connective-tissue  consolidations  of 
long  standing  are  present,  but  nowhere  pleural  adhesions.  Through  the 
pleura  some  pale  bluish  livid  spots  can  be  seen,  which  are  very  hard  to 
the  touch ;  the  pulmonary  tissue  between  these  spots  is  normal,  but  in  an 
emphysematous  condition.  The  pale  livid  spots  occupy  the  upper  lobe 
principally;  the  largest  is  about  as  large  as  a  child's  fist.  An  almost 
equally  large  spot  is  in  the  middle  lobe  and  another  one  in  the  upper  part 
of  the  lower  lobe.  These  spots  are  completely  airless  on  the  cut  surface, 
which  is  smooth;  they  are  pale  gray  in  appearance;  on  lateral  pressure 
the  finer  bronchi  discharge  but  a  small  quantity  of  frothy  fluid.  The  left 
lung,  almost  nowhere  adherent  to  the  thoracic  wall,  also  contains  a  very 
emphysematous  area  half  the  size  of  a  walnut  at  the  apex ;  otherwise 
the  upper  lobe,  especially  its  upper  half,  is  hard ;  the  tissue  shines  livid 
through  the  pleura.  The  tissue  on  the  cut  surface  is  completely  air- 
less, salmon-colored,  with  some  spot-like,  blood-red  sprinklings.  The 
lower  lobe  in  general  is  also  somewhat  hard,  containing  little  air. 

The  heart  is  completely  adherent  to  the  pericardium ;  the  muscular 
structure  of  the  right  ventricle  is  fairly  hard,  perhaps  slightly  thinner 
than  normal ;  in  some  places  the  pericardium  is  here  thickened  up  to  9 
mm.  A  large  blood-coagulum  is  found  in  the  cavity  of  the  right  ven- 
tricle. The  ventricle  itself  is  very  ^\dde,  the  pulmonary  valves  are  deli- 
cate. The  muscular  structure  of  the  left  ventricle  is  brownish-red,  not 
thicker  than  normal,  its  cavity  is  verj^  wide.  The  pericardium  over  it  is 
thickened  up  to  1  cm.  by  gelatinous  swelhng  of  the  tissue;  the  mitral 
valve  is  slightly  thickened,  but  otherwise  without  abnormality.  But 
the  auriculo- ventricular  opening  is  very  wide;  it  admits  three  fingers. 
On  the  valves  of  the  aorta,  corresponding  to  the  base  of  the  valve,  verru- 
cose  excrescences  of  considerable  extent  are  present. 

The  microscopic  examination  yielded  the  follo\^-ing  results :  A  part  of 
the  alveoli  are  here  and  there  completely  filled  with  swollen  epithelium, 
between  which  plenty  of  red  blood-corpuscles  are  found ;  some  of  the  alve- 
oli, however,  only  contain  red  blood-corpuscles.  In  other  parts,  which 
are  greatest  in  extent,  the  alveolar  contents  are  mostly  formed  by  fibrin 
masses  which  represent  a  dense  whorl  of  very  fine  fibers,  but  partly  also 
a  very  delicate  small-meshed  net.  E^'e^ywhere  alveolar  epithelium, 
small  round  cells,  often  also  red  blood-corpuscles,  are  embedded  in 
these  fibrin  masses.  But  the  alveolar  epithelia  are  also  found  in  large 
numbers  within  the  empty  spaces  which  exist  between  the  alveolar  wall 
and  the  contents. 

In  this  case,  therefore,  a  process  had  taken  place  in  the  ahToli  ex- 
clusively, which  without  hesitation  may  be  designated  as  chronic  pneu- 
monia. This  is  indicated,  above  all,  by  the  finding  of  fibrin  plugs 
containing  sw^ollen  alveolar  epithelium  and  white  blood-corpuscles. 
Further  advanced  changes — i.  e.,  new-formations  of  vascular  and 
connective-tissue — could  not   be   demonstrated   within   the   alveoli. 
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Whether  they  do  not  develop  at  all  in  this  chronic  pneumonia  which  is 
caused  by  engorgement,  or  whether  they  do  not  form  until  a  latei 
stage — these  questions  I  must  leave  undecided. 

ETIOLOGY, 

In  agreement  with  the  pathogenesis  of  the  morbid  process,  the 
etiologic  factors  must  be  divided  into  three  groups,  according  as 
they  are  capable  of  causing — 

1.  Consecutive  chronic  pneumonia. 

2.  Primary  chronic  pneumonia. 

3.  Persistent  and  chronic  engorgements  in  the  lesser  circulation 
and  resultant  changes  in  the  pulmonary  tissue. 

To  the  first  group  belong  all  focal  diseases  of  the  lungs,  whether 
they  have  their  seat  in  the  pulmonary  apices  and  are  due  to  tuber- 
culosis or  whether  they  set  in  as  a  consequence  of  other  necrobiotic 
processes.  Thus,  among  others,  the  cirrhosis  of  the  lungs  which  Buhl 
has  described  as  one  of  the  terminations  of  desquamative  pneumonia 
should  be  considered  a  form  of  consecutive  chronic  pneumonia ;  the 
same  is  the  case  with  the  black  induration  of  large  portions  of  the 
upper  lobes  or  of  the  entire  upper  lobes,  with  cavities  in  the  pul- 
monary apices,  which  was  described  under  anthracosis. 

Some  of  the  pulmonary  changes  which  occur  in  connection  with 
affections  of  the  esophagus  should  be  included  in  this  group;  for 
instance,  the  case  of  Wagner,  in  which  the  disease  complicated  a 
stricture  of  the  lower  esophagus,  and  the  case  of  Fraenkel,  in 
which  it  complicated  a  traction  diverticulum. 

The  presence  of  an  abundance  of  coal  pigment  in  the  chronically 
inflamed  parts  of  the  pulmonary  tissue  of  persons  who  had  not  worked 
in  an  atmosphere  of  coal-dust,  is  explained  by  the  fact  that  most  of 
the  coal-dust  particles  which  are  at  all  suspended  in  the  inspired  air 
and  inhaled  remain,  because  only  a  small  part  of  them  can  be  ex- 
pelled again  owing  to  the  chronic  catarrh  of  the  corresponding 
bronchi. 

A  great  variety  of  causes  may  be  instrumental  in  the  production  of 
primary  lobar  chronic  pneumonia.  If  the  explanation  I  have  given 
of  the  nature  of  the  disease  is  correct,  Laennec's  assumption  that  the 
disease  may  be  caused  by  copious  bleeding  is  perfectly  justifiable.  As, 
according  to  the  above-mentioned  explanation,  the  process  practically 
corresponds  only  to  the  first  stage  of  croupous  pneumonia,  and  the 
exudation  of  fibrin  caused  by  the  alteration  of  the  alveolar  epithelium 
is  not  followed  by  red  hepatization,  which,  as  I  have  shown  above 
(page  401),  depends  solely  on  the  escape  of  blood  into  the  alveoli,  it  is 
readily  comprehensible  that  copious  bleeding,  such  as  was  formerly 
practised,  by  greatly  depleting  the  vascular  system  may  wholly  or 
partially  prevent  the  development  of  red  hepatization.  The  deposi- 
tion of  fibrin  in  the  alveoli  may  then  be  followed  by  the  other  changes 
which  characterize  chronic  pneumonia. 
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Intense  or  long-continued  diminution  of  temperature  may  have  a 
similar  effect.  Marchand  says  that  people  who,  with  a  beginning 
pneumonia,  sleep  in  the  open,  where  they  are  apt  to  be  found 
dead,  expose  themselves  to  a  permanent  diminution  of  tempera- 
ture, and  the  frequency  of  induration  in  these  cases  may,  to  a  great 
extent,  be  due  to  this  fact.  In  his  first  case  the  patient,  who  had  had 
a  thorough  drenching  at  the  outset,  was  treated  with  frequently  re- 
peated baths;  the  lung  was  already  in  an  abnormal  condition  on 
account  of  already  existing  pleuritic  adhesions  of  the  old  induration 
in  the  apex;  in  the  course  of  the  disease  finally  a  pericardial  effusion 
set  in.  He  leaves  it  undecided  whether  the  treatment  with  cold  baths, 
which  Jiirgensen  so  ardently  advocates,  was  not  in  this  case,  with  the 
existing  predisposition,  very  apt  to  promote  the  unfavorable  termi- 
nation. 

When  I  was  using  subcutaneous  injections  of  quinin  in  doses  of  ^ 
gram  (8  grains)  (see  page  540)  in  the  treatment  of  croupous  pneu- 
monia, as  I  did  for  several  years,  it  happened  once  that  in  a  case 
which  was  thas  treated  within  twenty-four  hours  after  the  onset  the 
pneumonia,  although  it  ultimately  ran  a  strikingly  slow  course,  ter- 
minated in  complete  recovery. 

Still,  those  cases  in  which  injurious  influences  make  themselves 
felt  after  the  onset  of  the  pneumonia,  and  cause  the  termination 
in  chronic  pneumonia,  are  considerably  less  numerous  than  those 
in  which  a  certain  disposition  to  a  protracted  course  exists  be- 
fore the  appearance  of  the  disease.  Thus,  Heschl  generally  found 
chronic  pnemnonia  in  debilitated  individuals,  in  whom  signs  of  dif- 
ferent diseases  could  be  demonstrated,  principally  intermittent  fever 
of  long  duration,  enlargement  of  the  spleen  or  liver,  dropsy,  and  de- 
generation of  the  kidneys. 

Furthermore,  according  to  Marchand,  pneumonias  which  have  run 
their  course,  and  have  not  undergone  complete  resolution,  but  have 
left  a  more  or  less  extensive  induration  with  pleural  adhesions, — a 
condition  which  can  be  borne  'udthout  harm  if  not  too  extensive, — 
furnish  an  important  disposition  for  a  subsequent  fresh  attack  of 
croupous  pneumonia.  Eppinger  ascribes  particular  importance  for 
the  occurrence  of  chronic  pneumonia  to  preceding  hyperplastic  pro- 
cesses in  the  pleura.  He  assumes  that  they  spread  to  the  pulmonary 
tissue  and  cause  processes  of  a  like  character  there. 

Marchand  also  emphasizes  that  in  almost  all  cases  of  so-called 
chronic  induration  of  the  lungs  extensive  callous  pleural  adhesions 
are  mentioned,  and  that  he  did  not  miss  them  in  his  own  cases.  The 
injurious  predisposing  elements  of  the  pleural  adhesions  are,  accord- 
ing to  his  opinion,  diminished  dilatability  of  the  thorax  and  in- 
creased blood-supply.  For  the  formation  of  pleuritic  adhesions  is 
accompanied  by  the  development  of  a  great  number  of  collateral 
vascular  tracts  which  establish  a  connection  between  the  pulmonary 
artery  and  the  arteries  of  the  body. 

The  similarity  of   the   causal  conditions   in  chronic  pnemiionia 
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appearing  in  the  train  of  diseases  of  the  heart  Hes  in  the  engorgement 
of  blood  in  the  pulmonary  venous  system  induced  by  insufficient 
activity  of  the  myocardium.  Not  only  valvular  lesions,  but  also 
chronic  myocarditis,  and  adhesive  pericarditis  perhaps  most  of  all, 
may  bring  about  this  pulmonary  change.  An  observation  of  Colberg 
proves  that  it  is  not  so  much  a  question  of  heart  disease,  as  of  engorge- 
ment of  the  blood.  He  found  in  both  lungs,  without  any  valvular 
affection  of  the  heart,  high-graded  capillary  dilatation  and  an  accu- 
mulation of  pigmented  epithelial  cells  in  the  alveoli,  principally  at 
the  peripher}^  of  the  lungs.  During  life  brown  pigmented  sputa  had 
been  observed  repeatedly,  and  therefore,  in  spite  of  the  absence  of 
heart  murmurs,  a  valvular  defect  had  been  presumed.  At  the  autopsy 
this  was  not  found,  but,  instead,  a  fairly  large  development  of  cal- 
lous connective  tissue  at  the  bases  of  both  lungs  in  the  neighbor- 
hood of  the  large  vessels  and  bronchi,  accompanying  the  latter  for 
a  short  space.  No  increase  of  connective  tissue  could  be  demon- 
strated around  the  finer  bronchi  or  in  the  peripheral  parts  of  the 
lungs.  Not  the  least  cirrhotic  contraction  was  present;  the  lungs 
were  rather  bloated,  as  in  patients  suffering  from  heart  disease,  they 
did  not  retract  on  opening  of  the  thorax,  and  showed  intense  black 
and  brown  pigmentation.  Microscopicalh^,  the  peripheral  parts  of 
the  lungs  were  also  in  the  same  conditions  as  in  heart  disease.  The 
cause  of  the  increase  of  connective  tissue  could  not  be  determined. 
Colberg  correctly  assumes  that  later,  when  contraction  has  taken 
place,  the  newly  formed  fibrous  connective  tissue  impedes  the  circu- 
lation in  the  pulmonary  vessels  more  and  more,  so  that  ultimately 
by  stagnation  of  the  blood  in  the  peripheral  portion  of  the  lung, 
which  is  not  cirrhotic,  the  same  changes  are  produced  as  if  the 
clamming  back  of  the  blood  had  been  caused  by  stenosis  of  the 
left  pulmonary  opening  [odium  venosum  sinistrum). 


SYMPTOMS. 

The  symptoms  brought  about  by  consecutive  chronic  pneumonia 
are  best  described  in  connection  with  the  primary  affection;  they  have 
been  fully  treated  in  this  volume  in  the  discussion  of  desquamative 
pneumonia  and  of  pneumonokoniosis.  In  the  present  article  we  are 
concerned  chiefly  with  the  symptoms  of  primary  chronic  pneumonia. 
Wagner  says  there  were,  except  his  own  observation,  but  three  cases 
which  enabled  him  to  draw  a  clinical  picture  of  the  disease:  Heschl's 
case,  of  a  boy  thirteen  years  of  age;  Eppinger's,  of  a  man  forty-seven 
years  of  age;  and  Marchand's,  of  a  man  twenty-three  A'ears  of  age. 
According  to  these  reports,  the  affection  was  preceded,  once  or  oftener, 
by  severe  acute  or  chronic,  bronchial  or  pulmonary  affections.  Gen- 
erally, after  a  long  prodromal  stage  with  symptoms  pointing  to  the 
lungs,  an  acute  exacerbation  sets  in  which  is  very  similar  to  an  ordi- 
nary pneumonia,  being  characterized  by  chills,  pain  in  the  chest, 


CHRONIC  PNEUMONIA.  701 

cough,  expectoration,  dyspnea,  high  fever,  and  feehng  of  severe  ill- 
ness. At  once  or  in  a  few  days  the  affection  becomes  locahzed  in  a 
lobe  of  the  lungs.  The  results  of  auscultation  and  percussion  are 
similar  to  those  obtained  in  pneumonia;  but  during  the  next  days  the 
intensity  of  the  duhiess  and  the  character  of  the  respirator}-  sounds 
change  in  such  a  way  as  not  to  correspond  to  croupous  pneumonia. 
The  disease  remains  limited  to  the  one  lobe  or  spreads  further  during 
the  next  days.  The  tlyspnea  is  not  in  keeping  with  the  objective 
symptoms  of  infiltration,  but  nmch  more  intense;  the  same  is  true 
of  the  cyanosis.  The  temperature  remains  high,  or  sinks  rapidly 
or  slowly,  without  subjecti\'e  relief. 

The  change  from  lobar  fibrinous  pneumonia  to  chronic  pneu- 
monia is,  according  to  Traenkel,  characterized  by  three  symptoms: 
(1)  Continuation  of  fever;  (2)  persistence  of  dulness;  (3)  gradually 
developing  retraction  of  the  pulmonary  tissue.  The  continuance  of 
the  fever  or  its  reappearance  after  momentary'  subsidence  suggests 
meta-pneumonic  empyema,  or  abscess,  or  transformation  into  indu- 
ration. In  the  latter  case  the  fever  is  atypical  and  may  last  for 
weeks,  even  for  over  a  month.  If  recovery  sets  in,  defervescence 
takes  place  slowh'. 

I  do  not  agree  ^^dth  Fraenkel  in  considering  the  fever  to  be  such 
a  sure  criterion.  In  another  place,  ^^  under  the  title,  "  Pneumonia  with 
empyema  and  abscess  of  the  brain;  after  two  months  of  good  health, 
lethal  purulent  meningitis, "  I  have  described  the  case  of  a  merchant, 
thirty-eight  years  of  age,  who,  healthy  imtil  then,  was  admitted  to  the 
hospital  on  March  28, 1897.  The  demonstrated  pneumonia  of  the  left 
lower  lobe  was  complicated  b}'  an  emp^^ma,  while  the  pneumonia  ad- 
vanced to  the  left  upper  lobe.  Two  weeks  after  the  onset  of  the  pneu- 
monia the  empyema  was  emptied  by  resection,  and  \n\h.  this  the  fever 
ceased.  Not  until  two  months  later  fever  set  in  again  which  was 
caused  by  purulent  meningitis.  At  the  autopsy,  however,  besides  an 
abscess  of  the  brain  and  purulent  meningitis,  chronic  pneumonia  was 
found  mth  complete  obliteration  of  the  pleural  canity.  Exhaustive 
microscopic  examination  of  the  upper  lobe  showed  all  the  signs  of 
chronic  pneumonia,  especially  T\ithin  the  alveoli  nimierous  vascular 
connective-tissue  plugs,  many  of  which  were  connected  through  the 
alveolar  walls  by  means  of  cellular  cords. 

But  for  a  part  of  the  cases  Fraenkel's  statement  of  the  course  of  the 
fever  is  undoubtedh'  correct.  I  myself  had  an  opportunity  of  ob- 
serving what  I  may  call  a  genuine  case  of  chronic  pneumonia  from 
the  first  onset  of  the  affection  until  the  lethal  termination,  and  of 
holding  an  autopsy.  The  conduct  of  the  fever  as  well  as  the  other 
clinical  course  and  the  anatomic  findings  justify  an  explicit  descrip- 
tion. 

On  July  7,  1898,  the  laborer  Adolf  D.,  forty-six  years  of  age,  was  ad- 
mitted to  the  hospital.  He  stated  that  he  had  always  been  healthy ;  only 
during  the  last  four  weeks  he  felt  rheumatic  j^ains  in  the  legs,  which,  how- 
ever, did  not  prevent  him  from  working.    For  two  weeks  he  has  had,  when 
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drawing  a  deep  breath,  slight  pains  in  the  chest,  in  the  sacrum,  and  slight 
cough.  All  these  molestations  increased  during  the  last  days.  He  was 
much  addicted  to  alcohol;  he  took  60  pfennig  worth — i.  e.,  one  liter — 
of  25%  to  30%  alcohol  per  day.     He  was  not  infected  with  syphilis. 

Condition  on  July  5,  1898:  Robust  man  in  fairly  good  condition,  with 
congested  face.  The  tongue  is  moist,  slightly  coated;  trembles  when 
shown.  Strong  tremor  of  the  hands;  the  lower  extremities  are  normal. 
Patellar  reflexes  pronounced.  The  abdomen  is  soft,  not  sensitive  to  pres- 
sure; liver  and  spleen  are  of  normal  size.  The  cardiac  dulness  extends 
upward  to  the  upper  edge  of  the  fourth  rib,  to  the  right  as  far  as  the  right 
edge  of  the  sternum;  the  cardiac  sounds  are  faint,  but  pure.  The  action 
of  the  heart  is  frequent,  120  per  minute.  No  abnormality  exists  over  the 
thorax  except  over  the  right  fossa  supraspinata,  where  the  percussion 
sound  is  a  little  dull;  close  to  the  spine  slight  bronchial  inspiration  and 
expiration  can  be  heard.  The  temperature  is  raised;  the  urine,  when 
boiled  and  nitric  acid  added,  shows  slight  cloudiness;  contains,  however,  no 
casts. 

July  7,  1898:  In  spite  of  having  taken  3  gm.  (45  grains)  of  chloral 
hydrate  in  the  evening,  the  patient  was  very  restless  and  had  to  be 
isolated.  The  dulness  over  the  right  fossa  supraspinata  is  more  pro- 
nounced; there  exists  slight  bronchial  respiration.  In  the  right  inter- 
scapular region  the  percussion  sound  is  dull  also,  and  the  respiratory 
sounds  are  weakened.  The  cough  is  very  slight,  no  expectorations; 
therefore  an  investigation  for  tubercle  bacilli  cannot  be  made. 

July  9th:  Patient  is  delirious.  The  face  is  slightly  cyanotic.  Incon- 
tinence of  stools  and  urine,  fever  is  permanent,  pulse  frequent. 

July  13th:  The  patient  talks  incoherently  to  himself,  but  answers 
correctly  when  spoken  to.  He  says  he  feels  very  weak.  Continuous 
spasms  of  the  muscles  of  the  face  and  of  the  hands,  stiffness  of  the  neck. 
No  expectoration.  Over  the  right  apex  anteriorly,  up  to  the  second  rib, 
the  percussion  sound  is  tympanitic  and  high ;  catarrhal  rales  can  be 
heard  there ;  on  the  right,  posteriorly,  from  the  apex  to  the  base,  dulness, 
slight  bronchial  respiration,  and  increased  pectoral  fremitus. 

July  19th:  Tremor  of  muscles  of  hands  and  face  continues.  The  stiff- 
ness of  the  neck  has  disappeared ;  sensorium  clear ;  incontinence  of  feces 
and  urine.  The  temperature  remains  high,  as  will  be  observed  on  the 
chart  (Fig.  32).  Condition  of  the  lungs  unchanged.  Sufficient  liquid 
nourishment  and  stimulants  are  taken  without  opposition  almost  mechan- 
ically. This  condition  remains  continually  unchanged,  only  over  the 
dependent  parts  of  both  lungs  catarrhal  rales  can  be  heard.  On  August 
9th  death  occurs. 

The  autopsy  takes  place  eighteen  hours  after  death.  The  body  is  in 
postmortem  rigidity,  the  skin  dry,  in  the  dependent  parts  discolored. 

The  roof  of  the  skull  is  heavy,  the  diploe  small,  the  pia  edematous. 
On  taking  out  the  brain  a  quantity  of  transparent  yellow  fluid  is  dis- 
charged; the  vessels  at  the  base  of  the  brain  are  very  atheromatous  and 
tortuous.  The  brain-substance  is  moderately  firm  on  the  cut  surface, 
numerous  punctiform  hemorrhages  appear  on  the  same.  A  large  quan- 
tity of  transparent  yellow  fluid  is  found  in  the  ventricles. 

The  muscular  structure  of  the  body  is  but  little  developed,  the  cush- 
ions of  fat  are  abundant.  In  the  pericardium  is  a  moderate  quantity  of 
transparent  yellow  fluid. 

The  heart  shows  numerous  tendinous  areas;  the  muscular  structure 
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is  pale  yellow  and  flabby,  the  edges  of 
the  mitral  valve  are  slightly  thickened; 
in  the  first  part  of  the  aorta  some  calca- 
reous dejiosits  are  found. 

The  right  lung  is  very  coarse  in  the 
lower  lol)e  and  sho^\•s  increased  conges- 
tion. The  middle  and  upper  lobes  are 
very  edematous,  the  latter  conspicuously 
firm  and  hard.  The  left  lung  at  the  apex 
is  adherent  to  the  thorax;  the  lower  lobe 
is  edematous,  but  it  is  very  hard  to  the 
touch.  The  apex  of  the  upper  lobe  con- 
tains a  calcareous  area  the  size  of  a 
hazelnut. 

The  spleen  is  of  moderate  size,  its 
capsule  of  gray-brown  color;  the  tissue 
on  section  seems  brittle,  but  otherwise 
does  not  show  any  peculiarities.  The 
left  kidney  is  embedded  in  a  rather  plen- 
tiful adipose  capsule,  which  can  be  drawn 
off  easily,  the  same  as  the  connective- 
tissue  capsule.  The  tissue  is  cloudy  on 
the  cut  surface;  the  design  of  the  straight 
and  curved  ducts  cannot  be  distinguished 
plainly.  The  right  kidney  shows  the 
same  conditions  as  the  left. 

The  liver  is  rnoderately  large,  rose- 
colored,  with  impressions  of  the  ribs  on 
the  surface,  on  the  cut  surface  of  cloudy 
appearance,  the  acinus  design  blurred. 
The  mucous  membrane  of  the  stomach  is 
reddened  and  swollen.  No  abnormality 
in  the  intestine,  except  a  few  dark  red 
injected  parts  are  noted. 

Single  portions  of  the  right  upper  lobe, 
of  the  right  and  left  lower  lobe,  were 
property  prepared  for  microscopic  exam- 
ination. In  the  right  upper  lobe  the  epi- 
thelium of  a  considerable  nimiber  of 
alveoli  was  swollen.  The  latter  were  well 
filled  with  cells  containing  no  nuclei,  and 
nucleated  epithelial  cells.  The  nuclei 
were  but  slightly  stained  blue.  The  cells 
were  always  embedded  in  a  graceful  fine- 
woven  net  of  fibrin  threads  which  inter- 
sected each  other  in  all  directions.  The 
capillaries  of  these  alveoli  were  very  con- 
gested. At  other  places  the  fibrin  threads 
of  several  alveoli  were  continuously  con- 
nected and  inclosed  many  round  cells  be- 
sides cells  without  nuclei. 

In  the  right  lower  lobe  some  alveoli 
contained  fibrin  exclusively,  without  an}' 
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cells;  other  alveoli,  however,  a  few  fibrin  threads  only,  interspersed  with 
swollen  alveolar  epithelium  and  a  few  red  blood-corpuscles.  Here  and 
there  the  alveoli  contained  rows  of  spindle-shaped  cells,  but  were  not 
completely  filled. 

In  the  left  lower  lobe  most  of  the  alveoli  contained  round  cells,  between 
which  only  very  few  fibrin  threads  could  be  detected.  In  numerous 
alveoli  a  larger  quantity  of  fibrin  was  also  found  which  was  arranged  in 
the  form  of  nets  and  threads.  Within  the  fibrin  were  small,  cellular,  multi- 
nucleated structures,  which  evidently  originated  in  white  blood-corpus- 
cles. Only  in  a  few  places  did  the  alveoli  contain  nothing  but  fibrinous 
masses.  The  capillaries  were  filled  with  pale  red  blood-corpuscles,  but 
the  latter  were  no  longer  very  well  defined. 

As  mentioned  before,  this  case  is  remarkable  for  the  high  fever 
which  was  present  from  the  onset.  Then,  in  an  etiologic  relation, 
the  abnormally  large  consumption  of  alcohol  is  to  be  considered, 
which  has  also  been  kept  in  view  by  other  authors,  especially  by  Joseph- 
son  in  one  of  his  cases.  In  a  clinical  relation  the  absence  of  any 
kind  of  expectoration  is  remarkable.  Therefore  an  investigation  for 
tubercle  bacilli  could  not  be  made.  The  diagnosis  of  chronic  pneu- 
monia was  only  made  possible  by  the  high  fever  which  was  present 
from  the  onset,  by  the  restriction  of  the  auscultatory  signs  at  first  to 
the  posterior  right  upper  lobe,  and  by  percussion  signs  which  in  their 
entirety  spoke  against  a  complete  consolidation  and  against  a  dis- 
integrative process  of  the  pulmonary  tissue.  That  chronic  pneu- 
monia had  in  the  mean  while  attacked  also  the  lower  lobe  Avas 
actually  demonstrated  only  at  the  autopsy. 

The  sputum  in  this  disease  deserves  special  mention,  principally  on 
account  of  the  admixture  of  blood.  In  Eppinger's  case  it  was  present 
during  the  entire  course  of  the  disease ;  in  another  case,  that  of  a  man 
fifty-two  years  of  age,  which  I  had  observed  for  over  two  years,  and  in 
which  I  finally  made  the  autopsy,  the  sputum  contained  blood  only 
every  few  days.  It  was  mixed  with  mucoid  masses  and  of  light  red 
appearance,  but  it  was  never  expectorated  pure,  and  therefore  it 
could  not  take  the  shape  of  coins  in  the  cuspidor,  as  in  phthisis.  Re- 
garding the  origin  of  the  blood,  I  join  the  opinion  of  Eppinger  and 
Marchancl ;  undoubtedly,  it  is  derived  from  the  vascular  plugs  of  con- 
nective tissue  in  the  alveoli. 

In  the  case  just  mentioned  the  sputa  were  peculiar,  which  may 
possibly  be  characteristic  of  such  a  chronic  course  in  general.  They 
were  mucopurulent  and  were  expectorated  in  quantities  principally 
in  the  morning.  In  a  cylinder-shaped  vessel  which  was  filled  with 
water  they  floated  on  the  surface  almost  entirely  and  did  not  appear 
arranged  in  layers  as  in  bronchiectasis. 

During  the  later  stages  moderate  dulness  on  percussion  is  present 
over  the  diseased  portion  of  the  lung.  The  sound  may  vary  over 
the  same  area  and  become  somewhat  clearer  at  different  times.  On 
auscultation,  the  breathing  is  never  bronchial,  or  at  most  faintly 
bronchial ;  the  respiratory  murmur  is  usually  weakened.     Crepitant 
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rdles  or  small,  moist  rales  are  also  present ;  but  large,  bubbling  rales 
were  not  present  at  any  time  in  tlio  two  cases  which  I  kept  under 
careful  clinical  observation. 

In  chronic  infiannnatory  processes  following  congestion  in  the 
lesser  circulation  the  symptoms  are  different.  The  disease  develops 
very  gradually,  beginning  usually  as  a  bronchial  catarrh  which  must  be 
ascribed  to  the  same  cause,  the  stagnation  of  the  blood.  Two  im- 
portant factors  that  influence  in  a  given  case  the  alteration  of  the 
alveolar  capillaries,  and  of  the  alveolar  epithelium  and  the  subsequent 
exudation,  are  the  duration  of  the  process  producing  the  congestion, 
which  is  greatest  in  the  presence  of  cardiac  lesions  and  of  pericardial 
adhesions,  and  the  j'outhful  age  of  the  indi^iduals  affected. 

An  important  symptom  is  the  appearance  of  "cardiac-lesion  cells." 
The}''  have  already  been  declared  b}^  Virchow  to  be  transformed 
alveolar  epithelia  w^hich  contain  one  or  several  yellow,  yellowish- 
red,  or  brownish-red  granules  of  varying  sizes.  He  also  refers  to 
their  occurrence  in  cardiac  affections,  especially  in  mitral  stenosis, 
and  considers  the  appearance  of  these  cells  as  a  consequence  of  the 
damming  back  of  the  blood  into  the  pulmonary  veins.  Friedreich 
also  clearly  explains  that  the  mechanical  engorgement  and  disten- 
tion of  the  pulmonary  vessels,  which  are  brought  about  by  valvular 
affections,  predispose  to  an  edematous  infiltration  of  the  pulmonary 
tissue  which  sometimes  develops  slowly,  at  other  times  very  acutely, 
and  to  capillary  and  larger  hemorrhages  into  the  pulmonary  tissue. 
Thus  it  happens  that  the  hematin  liberated  by  the  capillary  extrava- 
sations, which  take  place  repeatedly  and  affect  extensive  areas  of 
the  lungs,  enters  the  cells  of  the  alveolar  epithelium,  where  it  becomes 
inspissated  and  forms  yellow,  brown,  or  black  granules ;  the  alveolar 
cells  thus  become  converted  into  pigment-cells  and  give  the  pulmon- 
ary parenchyma  a  peculiar  brown  or  reddish-brow^n  color. 

Hoffmann  has  very  exlraustively  investigated  the  occurrence  of 
the  cardiac-lesion  cells  in  consequence  of  stagnation  of  the  blood  in 
cardiac  affections,  and  especially  emphasizes  the  importance  of  this 
finding  for  the  diagnosis.  In  two  cases  of  hemoptysis  in  phthisical 
subjects  and  in  15  cases  of  pneumonia  no  cardiac-lesion  cells  could 
be  found  in  spite  of  repeated  examinations ;  in  14  cases  of  congestive 
conditions  in  consequence  of  affections  of  the  heart  they  could  be 
demonstrated  more  or  less  plentifully  13  times ;  they  were  always 
quite  eAadent  and  could  be  demonstrated  without  difficulty.  AMiy 
these  cells  which  are  produced  in  such  large  numbers  in  the  lung  of 
heart  disease  are  not  found  in  the  frequent  discharges  of  blood  in 
pneumonia  and  phthisis,  is  explained  b}^  him  as  follows:  In  the 
former  cases  the  blood  gets  to  the  surface  at  once,  is  subject  to  the 
influences  of  the  air,  the  secretion  of  mucus,  and  the  shocks  of  cough; 
and  therefore  has  no  opportunity  to  undergo  the  different  stages 
of  transformation.  In  heart  disease,  on  the  other  hand,  the  red 
blood-corpuscles,  partly  by  diapedesis,  partly  by  capillary  hemor- 
rhages, enter  the  pulmonary  tissue,  are  deposited  under  the  protec- 
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tion  of  the  epithelial  cells,  and  thus  there  is  a  possibility  of  pigment- 
formation  as  in  old  hemorrhages  within  the  tissues  of  the  bod}'. 

Sommerbrodt  does  not  believe  in  this  explanation;  he  claims  to 
have  proved  that  alveolar  epitheha  contain  such  pigments,  if  blood  is 
infused  experimentalh''  into  the  lungs  through  the  trachea.  Lenharz, 
on  the  other  hand,  considers  the  overwhelming  maj  ority  of  brown  pig- 
ment cells  to  be  more  or  less  altered  leucocytes  containing  blood- 
corpuscles.  I,  for  my  part,  maintain  here,  as  in  regard  to  the 
entrance  of  coal  pigments,  the  exclusive  participation  of  the  alveolar 
epithehum.  The  cells  which  are  contained  in  the  sputum  and  in 
anatomic  specimens,  and  which  are  filled  with  brown  pigment,  are  of 
so  considerable  a  size  that  this  alone  precludes  their  identity  with 
white  blood-corpuscles.  There  is  nothing  to  support  the  presumption 
that  a  gradual  transformation  of  white  blood-corpuscles  into  pig- 
ment-holding cells  of  such  size  can  take  place  in  the  alveoli,  much 
less  the  possibihty  of  a  place  of  formation  outside  of  the  alveoli. 

If  cardiac-lesion  cells  are  mixed  with  the  sputum  in  larger  quanti- 
ties, the  latter  assumes  a  very  pecuhar  appearance.  It  can  be  best 
compared  ^\ith  frog  spawn;  only  with  the  difference  that  the  single 
dots  in  the  gelatinous  groimd-mass  are  not  black,  but  brownish- 
yellow. 

Other  objective  signs  are  not  necessarily  associated  with  the  pres- 
ence of  cardiac-lesion  cells.  It  is  true  that  the  condition  cannot  be  due 
exclusively  to  dilatation  of  the  alveolar  capillaries ;  some  blood  must 
escape  into  the  alveoli,  and  in  some  places  leucocytes  also  may  be  pres- 
ent, but  the  exudation  is  not  sufficient  to  produce  any  notable  change 
in  the  percutory  signs.  Bamberger,  who  made  an  accurate  study  of 
the  clinical  conditions  in  this  process,  states  that  in  such  cases  the 
percussion  note  over  the  entire  thorax  is  cUstinctly  less  resonant  than 
normal,  while  the  breath-sounds  continue  to  be  vesicular,  but  with,  a 
slight  catarrhal  element.  In  two  cases,  that  of  a  httle  girl  five  and  a 
half  years  old,  and  the  above-mentioned  case  of  a  man  nineteen  years 
old,  I  myself  observed  complete  dulness  ■\^dth  catarrhal  sounds  over 
the  left  upper  lobe. 

DIAGNOSIS  AND  PROGNOSIS. 

In  the  secondary'  form  of  chronic  pneumonia,  such  as  results  from 
desquamative  pneumonia  associated  wdth  tuberculous  infiltration  of 
the  puhnonar}^  apices  (see  page  637),  or  follows  other  focal  diseases, 
the  diagnosis  is  possible  only  when  the  primary  focus  is  small  and  the 
surrounding  chronic  inflammation  extensive.  Except  imder  these 
conditions  the  diagnosis  is  of  no  particular  importance.  The  subse- 
quent course  and  the  duration  of  the  disease,  however,  cannot  well  be 
predicted  without  a  knowledge  of  the  diagnosis.  For,  although 
complete  recovery  may  not  take  place,  the  expectation  of  life  is  greater 
in  chronic  pneumonia  than  it  is  when  destructive  processes  are  present 
in  the  lungs.     It  is  from  the  latter,  therefore,  that  chronic  pneumonia 
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must  be  chiefly  distinguished.  In  Ihis  case  it  is  primarily  to  be  con- 
sidered that  in  chronic  pneumonia  all  sounds  are  absent  in  auscultation 
and  percussion  which  are  characteristic  for  material  disintegrations  of 
the  pulmonary  tissue,  and  only  dulness  of  mostly  moderate  degree  and 
catarrhal  manifestations  exist.  It  is  also  possible  that  tubercle 
bacilli  are  absent  even  with  frequent  examination  of  the  sputa  and  in 
spite  of  the  presence  of  tuberculous  foci  in  the  apices,  if  these  are,  so  to 
say,  encapsulated  by  the  chronic  pneumonia  and,  in  proportion  to  the 
latter,  only  occupy  a  small  part  of  the  upper  lobe. 

Primary  chronic  pneumonia,  if  it  sets  in  acutely  \\\\]\  symptoms 
conforming  to  croupous  pneumonia,  as  has  been  the  case  in  the  ob- 
servations of  Marchand  and  Fraenkel,  cannot,  until  later  in  the  course 
of  the  disease,  be  cUstinguished  from  other  processes  that  sometimes 
accompany  acute  pneumonia.  These  are:  pleural,  interlobar,  and 
mediastinal  empyema,  and  abscess  of  the  limgs. 

The  most  frequent  termination,  empyema,  may  be  considered  first. 
It  will  not  be  necessary  here  to  discuss  the  diagnostic  signs  nor  the 
question  of  exploratory  puncture.  At  the  time  when  the  onset  of 
empyema  is  to  be  considered,  there  is  generally  no  question  of  the 
inflammation  having  passed  into  the  chronic  stage,  because  the  char- 
acteristic signs  of  this  process  do  not  appear  plainly  imtil  during  the 
further  course  of  the  disease. 

After  affections  which  originate  in  the  pleura  have  been  excluded 
the  occurrence  of  abscess  formations  \nthin  the  pneumonically 
affected  lobe  should  be  considered  in  the  diagnosis.  Only  the  ex- 
amination of  the  sputa  for  elastic  fibers  can  here  be  of  value.  They 
are  sure  to  be  found  if  only  looked  for. 

I  have  to  leave  it  undecided  how  much  difference  exists  be- 
tween pneumonia  vaih.  delaj'ed  resolution — as  described  by  Le3'den — 
and  chronic  pneumonia,  and  whether  there  are  sufficient  diagnostic 
signs  to  make  the  distinction  possible.  At  present  all  anatomic 
criteria  are  wanting  for  the  discrimination  of  the  two  processes ;  even 
the  case  described  by  Leyden  which  ended  fatally,  and  which  he 
regards  as  the  '^ anatomic  prototype  of  delayed  resolution,"  is  un- 
doubtedly a  case  of  chronic  pneumonia.  The  right  lung  w^as  in  a 
state  of  firm  red  hepatization  with  a  granulated  cut  surface ;  the 
alveoli  contained  httle  air.  Microscopically  the  alveoli  appeared 
''mostly  filled  with  coarse,  fibrinous,  net-like  plugs,"  while  in  others 
the  contents  w'ere  less  compact,  and  contained  an  abundance  of  pus- 
cells  and  alveolar  cells,  the  latter  sometimes  in  a  state  of  fatty  de- 
generation and  of  disintegration. 

TMien  chronic  pnemiionia  is  due  to  stagnation  of  blood  in  the  lesser 
circulation,  and  the  upper  lobes  are  involved,  it  must  be  distinguished 
chiefly  from  tuberculoas  infiltration,  which  is  more  frequently  asso- 
ciated ^^■ith  cardiac  lesions  than  is  commonly  supposed.  The  diagno- 
sis from  acute  pneumonic  processes  need  not  be  considered,  because 
the  pulmonary  changes  that  follow  congestion  in  the  course  of  the 
lesser  circulation  never  develop  acutely. 
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Regarding  chronic  consolidations,  partly  the  presence  of  valvular 
disease,  partly  that  of  tubercle  bacilli,  will  bring  enlightenment,  but 
no  absolute  decision,  because  a  tuberculous  infiltration  may  exist  in 
cardiac  valvular  disease. 

It  follows  from  the  above  observations  that  the  prognosis  in  all 
forms  of  chronic  pneumonia  must  be  regarded  as  unfavorable  so  far  as 
complete  restoration  to  health  is  concerned ;  but  life  may  be  prolonged 
for  a  considerable  time,  in  spite  of  extensive  contraction  of  the  tissue, 
even  if  the  entire  half  of  a  lung  is  involved.  The  acute  disease,  how- 
ever, with  an  onset  like  genuine  pneumonia,  may  terminate  in  death 
within  a  few  weeks,  especially  if  the  process  spreads  from  one  lobe  to 
the  other. 

TREATMENT* 

We  are  able  to  combat  the  disease  as  such  only  with  hygienic 
measures.  If  it  manifests  itself  after  the  termination  of  the  acute 
stage,  or  has  developed  gradually,  the  first  requisite  is  air  which  is 
pure  and  free  from  dust,  hence  a  sojourn  in  a  wooded  country  is  to  be 
advised ;  the  patient  should  avoid  the  influence  of  sudden  changes  of 
temperature,  and  give  up  every  kind  of  physical  labor.  In  regard  to 
symptoms,  it  is  to  be  remarked  that  the  cough  should  be  checked  or 
at  least  relieved  as  much  as  possible,  in  order  to  prevent  the  disturb- 
ances of  circulation  connected  with  it.  This  is  best  done  by  means  of 
morphin  or  Dover's  powder.  Against  abundant  expectoration  of 
blood  it  is  best  to  use  lead  acetate.  In  the  presence  of  valvular 
defects  digitalis  is  the  best  remedy  to  reduce  too  high  a  pulse  fre- 
quency and  aU  the  consequences  connected  with  it. 


CARCINOMA   OF   THE    LUNGS. 

PATHOLOGIC  ANATOMY, 

Bayle  had  included  carcinoma  of  the  lungs  among  the  six  kinds  of 
pulmonary  phthisis  which  he  described.  Laennec,  however,  regarded 
it  as  a  special  disease,  and  designated  it  encephaloid  on  account  of 
the  consistency  and  the  appearance  of  the  lung.  The  macroscopic 
condition  has  been  exemplarily  described  by  him  as  follows:  ''The 
brain-like  mass,  at  the  height  of  its  development,  is  homogeneous, 
milk-white,  and  resembles  the  medullary  substance  of  the  brain.  In 
places  it  is  rose-colored,  and,  in  thin  slices,  transparent.  The  tissue 
is  mostly  less  resistant  than  brain-substance.  It  is  readily  torn  and 
broken  with  the  finger.  If  the  neoplasm  is  very  large,  one  sees  on  its 
surface  a  moderately  large  number  of  blood-vessels  the  twigs  of  which 
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penetrate  the  diseased  tissue.  As  the  vascular  walls  are  very  thin 
and  delicate,  they  tear  easily;  this  causes  extravasations  of  blood, 
which  may  be  found  within  the  tunior-niass  in  the  form  of  large 
clots.  During  the  further  course  the  carcinomatous  mass  undergoes 
softening." 

The  classification  of  pulmonary  carcinoma  into  three  kinds,  as 
recommended  by  Lacnnec,  does  not  require  any  further  discussion. 
The  classification  pro])()8ed  by  Stokes  has  also  been  discarded.  The 
disease,  according  to  his  statement,  occurs  in  two  forms :  In  the  first 
as  a  degeneration  of  the  lung;  the  latter  being  transformed  into  a 
carcinomatous  mass  without  the  formation  of  a  tumor.  In  the 
secontl  form  the  scirrhous  or  encephaloid  mass  forms  a  tumor  which 
primarily  is  outside  of  the  lungs,  but  finally  causes  displacement  of 
the  organs. 

Roldtansky's  classification  is  worthier  of  consideration.  Cancer 
of  the  lungs  may  occur:  (1)  In  the  form  of  spherical,  isolated  masses, 
Mirying  in  size  from  that  of  a  hemp-seed  to  that  of  a  man's  fist;  these 
masses  are  inclosed  in  a  delicate  cellular  envelope,  while  the  substance 
of  the  tumor  may  resemble  a  mixture  of  jelly  and  bacon,  a  mixture  of 
bacon  and  bone-marrow,  or,  finally,  the  medullary  substance  of  the 
brain.  The  smTounding  pulmonary  tissue  is  displaced  and,  in  com- 
mon with  the  tumor  itself,  in  a  state  of  compression.  This  form  is 
very  rarely  primar}^;  other  carcinomatous  growths,  usually  a  number 
of  them,  being  present  at  the  same  time  in  several  organs  of  the  bod3^ 

(2)  As  a  special  form  of  tubercle  or  nodule,  about  the  size  of  a  millet- 
seed  or  a  hemp-seed,  in  association  with  cancer  in  some  other  organ. 

(3)  In  very  rare  instances  the  carcinomatous  mass  infiltrates  the  pul- 
monary cells  and  becomes  diffuse ;  it  is  then  the  product  of  a  pneu- 
monic process  which,  chiefly  under  the  influence  of  a  dyscrasia  in- 
duced by  the  extirpation  of  a  cancer,  manifests  the  external  charac- 
teristics and  elementar}^  structure  of  carcinoma.  There  appears  to  be 
a  hepatization  of  the  lung  mth  carcinomatous  material. 

This  classification  leads  us  immediately  to  the  as  3"et  unsolved 
question  of  the  localization  of  carcinoma  of  the  lungs,  or  to  the  ques- 
tion :  In  what  histologic  parts  of  the  lungs  does  the  carcinomatous 
affection  originate? 

In  the  first  place,  it  is  certain  that  carcinoma  of  the  lungs  may  be 
secondary  to  carcinoma  in  distant  organs;  for  instance,  in  the  ova- 
ries, pancreas,  or  liver.  This  is  principally  the  case  if  some  of  the 
cancer  nodes  which  are  present  in  the  above  organs  undergo  soften- 
ing. Then  small  particles  of  the  tumor  may  get  into  the  finer  tmgs 
of  the  pulmonary  arteries  by  wa}''  of  the  veins  or  the  lymph-vessels 
through  the  right  heart,  grow  through  the  vascular  wall  T^dth  or  ^Aith- 
out  infarction  in  the  sections  supplied  by  these  vessels,  and  form 
nodes  of  different  sizes. 

Like  a  great  many  authors,  the  names  of  which  have  been  given 
by  von  Recklinghausen,  I  had  the  opportunity  of  observing  a  typical 
case  of  carcinoma  of   the  lung  from  embolism  of   a  pulmonary  ar- 
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tery.  This  case  deserves  mention,  particularly  because  the  entire 
neoplasm  did  not  extend  beyond  the  adventitia  of  the  vessel  which 
contained  the  carcinomatous  embolus.  The  latter  consisted  of  a 
conglomeration  of  globularly  arranged  nests  of  concentrically  strati- 
fied cancer  cells ;  a  few  nests  of  cells  in  every  respect  identical  pene- 
trated the  vascular  wall  as  far  as  the  adventitia.  The  width  of  the 
blood-vessel  at  the  site  of  the  embolus  was  about  equal  to  the  thick- 
ness of  a  heavy  knitting-needle.  The  pulmonary  section  which 
corresponded  to  the  distribution  of  the  vessel  was  as  large  as  half  a 
plum  and  the  seat  of  an  infarct.  The  carcinomatous  embolus  had 
originated  in  a  carcinoma  of  the  gall-bladder  which  was  as  large  as  a 
fist  and  was  mostly  softened. 

The  second  way  in  which  carcinomatous  degeneration  of  the  pul- 
monary tissue  may  be  brought  about  is  by  continuity.  Then  the  pri- 
mary seat  of  the  carcinoma  is  the  mucous  membrane  of  the  esophagus 
or  that  of  the  large  bronchi.  As  growth  continues,  large  nodes  form- 
ing a  uniform  tumor-mass,  which  may  reach  the  size  of  half  a  pul- 
monary lobe  and  more,  then  develop  in  the  pulmonary  tissue.  Passler 
has  communicated  quite  a  number  of  cases  of  this  class  in  his  very 
careful  paper  on  primary  carcinoma  of  the  lungs  which  he  based  on 
70  cases  collected  from  the  literature  and  4  observations  of  his  own. 
Ebstein  also  described  one  case  very  minutely,  and  I.anghans,  from 
the  histologic  examination  of  his  case  of  primary  cancer  of  the  trachea 
and  bronchi,  came  to  the  conclusion  that  the  mucous  glands  were  the 
starting-point  of  the  entire  carcinomatous  formation. 

In  the  third  form  of  so-called  primary  carcinoma  of  the  lungs  the 
greatest  difficulties  and  differences  of  opinion  exist  in  relation  to  the 
determination  of  its  origin. 

Primarj^  carcinoma  of  the  lung  is  a  diffuse  carcinomatous  affection 
of  at  least  an  entire  pulmonary  lobe,  besides  which  nothing  but  a  few 
diseased  mediastinal  glands  of  insignificant  size  are  found.  The  few 
observations  which  have  been  made  up  to  the  present  time  do  not 
permit  of  any  doubt  that  such  primary  carcinomas  actually  occur, 
and  that  they  originate,  not  in  the  bronchial  mucous  membrane,  but 
in  the  pulmonary  tissue. 

After  Rokitansky,  who  has  described  the  manner  of  origin  of  this 
form  very  characteristically,  Perl,  by  reason  of  his  investigation  of  a 
case  which,  it  is  true,  was  not  a  strictly  primary  pulmonary  carci- 
noma, according  to  his  description,  but  started  in  the  choroid,  was 
the  first  to  assert  that  primary  carcinoma  originates  from  the  epi- 
thelium of  the  pulmonary  alveoli.  In  this  case,  besides  numerous 
nodules  on  the  pleura  and  in  the  lungs,  the  anterior  right  lower  lobe 
of  the  lungs  was  almost  entirely  transformed  into  an  airless  bluish- 
gray  tissue,  partly  very  flabby,  partly  permeated  by  firmer  infiltra- 
tions. In  the  tissue,  close  together,  were  the  thick-walled  bronchi, 
filled  with  abundant  tough,  gelatinous,  gray  secretion.  The  micro- 
scopic examination  revealed  in  the  center  of  the  infiltration  masses 
of  typical  epithelial  cells,  partly  concentrically  stratified,  and  be- 
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tween  them  also  broader  connective-tissue  trabecular  formed  by 
homogeneous  fibers  and  at  some  places  containing  small  round 
nuclei.  "The  supposition  of  a  direct  transformation  of  the  pulmo- 
nary alveoli  into  carcinomatous  alveoli;  of  the  cells  which  in  catarrh 
fill  the  alveoli  into  carcinomatous  cells,  has  much  in  its  favor." 

Without  very  decidedly  defentling  the  alveolar  origin  of  primary 
pulmonary  carcinoma,  Cornil  and  llanvier  have  also  maintained  that 
in  this  affection  the  aheoli  are  filled  with  large,  circular,  or,  through 
mutual  pressure,  polygonal  cells,  and  that  the  alveolar  walls  mostly 
remain  intact  or  are  but  slightly  thickened  by  small  round  cells  be- 
tween the  fibers.  There  is  consequently  no  newly  formed  stroma  in 
pulmonary  carcinoma;  the  normal  framework  of  the  tissue  stands  in 
its  place. 

Malassez,  after  examining  a  case  of  primar}-  carcinoma  of  the 
lung,  positively  declares  the  origin  to  be  epithelial.  At  those  places 
where  the  first  changes  were  visible  there  was  an  epithelial  neoplasm 
on  the  inner  surface  of  the  alveoU  of  the  lungs.  The  cells  were 
decidedly  polymorphous.  Sometimes  they  formed  a  layer  of  flat  cells ; 
at  other  times  se^'eral  layers  of  cylindric  cells ;  now  and  then  they 
were  stalked  and  contained  several  large  nuclei  in  the  ^'oluminous 
portion  wliich  projected  into  the  alveoli  after  the  manner  of  vegeta- 
tions. "WTienever  the  alveolus  was  completely  filled  with  cells,  it 
looked  exactly  like  a  carcinomatous  alveolus.  Furthermore,  in  the 
finest  twigs  of  the  bronchi  and  in  the  peribronchial  connective  tissue 
newly  formed  epithelial  cells  were  also  found  which  communicated 
with  those  of  the  alveoli.  Continuations  of  the  epithelial  elements 
into  the  lymph-passages  were  also  visible. 

Griinwald  gives  a  very  detailed  microscopic  description  of  his  case 
of  primary  squamous  carcinoma.  On  the  strength  of  it  he  comes  to 
the  conclusion  that  the  malignant  tumor  originated  in  the  alveolar 
epithelium  because:  (1)  In  sufficiently  preserved  alveoli  a  continuous 
connection  between  normal  alveolar  epithelium  and  cancer-cells  could 
be  demonstrated;  (2)  the  cancer-cells  throughout  normal  pulmonar}- 
epithelia;  (3)  the  best  preserved  and  therefore  youngest  cells  were 
found  on  the  alveolar  wall,  indicating  that  the  latter  is  the  starting- 
point  ;  and  (4)  the  connective  tissue  which  contained  the  vestiges  of 
the  original  normal  condition,  namely,  particles  of  coal-dust,  in  an 
excellent  state  of  preservation  in  spite  of  the  beginning  tumor  forma- 
tion, could  not  be  the  som'ce  of  the  proliferative  process. 

Boix  has  also  described  a  case  of  primary  carcinoma  in  which  he 
regards  the  alveolar  epithelium  as  the  starting-point  of  the  neoplasm. 
He  says  distinctly  that  he  does  not  care  to  decide  the  question  whether 
the  cancer  stroma  is  formed  exclusively  from  the  pulmonar}'  tissue 
itself.  For,  although  the  framework  of  the  peripheral  sections  was 
delicate  and  plain  enough  to  indicate  that  the  pulmonary  alveoli  were 
normal,  in  the  center  of  the  tumor  there  existed  without  doubt  a  plen- 
tiful new-formation  of  connective-tissue  trabeculae  under  which  the 
epithelial  cells  had  almost  disappeared. 
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These  communications  should  suffice  to  prove  that  the  alveolar 
space,  and  a  transformation,  if  not  a  substitution  of  the  alveolar 
epithelium,  may  be  regarded  as  the  origin  of  primary  cancer.  It  does 
not  appear  to  me  as  indicated,  in  consideration  of  the  object  which  I 
had  in  \dew  with  this  work,  to  enter  upon  further  investigations  in 
regard  to  the  origin  of  primary  carcinoma  of  the  lungs,  especially 
the  participation  of  the  lymph- vessels  (SchotteHus).  I  content  myself 
with  citing  the  resume  given  by  Siegert,  which  is  based  on  the  ample 
literary  and  his  own  material  and  reads  as  follows : 

Primary  epithelial  cancer  may  develop:  (1)  From  the  alveolar 
epithelium;  (2)  from  the  epithelium  of  the  bronchial  mucous  mem- 
brane ;  (3)  from  the  epithelium  of  the  bronchial  mucous  glands. 

Primary  endothelial  cancer  ma}^  develop:  (1)  From  the  endothe- 
lium of  the  superficial  pleural  lymph- vessels ;  (2)  from  the  endothe- 
lium of  the  deep  pulmonary  lymph- vessels. 

Specially  to  be  mentioned  is  the  occurrence  of  carcinoma  in 
tuberculous  portions  of  the  pulmonary  tissue.  Friedlander  found  a 
cancer  of  more  than  hazelnut  size  on  the  wall  of  a  tuberculous  cavitj' 
in  the  lower  part  of  the  left  upper  lobe  of  a  tuberculous  lung 
continuations  of  which  protruded  into  the  left  main  bronchus.  He 
refers  the  origin  to  a  new-formation  of  stratified  pavement  epithelium 
which  develops  on  ulcerated  areas. 

Hildebrand,  Siegert,  and  Ribbert  made  similar  observations.  The 
latter  concluded  that  there  is  a  special  disposition  of  the  cicatricial 
tissue  to  epithelial  proliferation  from  the  fact  that  the  tumor  develops 
in  chronically  inflamed  pulmonary  tissue. 

Bayle  has  already  demonstrated  the  association  of  tuberculosis  and 
carcinoma  in  the  lungs.  Among  31  cases  of  carcinoma,  described  by 
Wolff,  23  were  complicated  by  tuberculosis.  Among  10  cases  of 
primary  cancer  of  the  lungs,  on  which  he  performed  the  autops}^  in 
the  Friedrichshain  Hospital,  Schwalbe  was  able  to  demonstrate  the 
coexistence  of  tuberculosis  in  the  same  lung  in  3  cases.  Tubercle 
bacilli  were  found  in  each  case. 

After  stating  the  histologic  origin  of  pulmonary  carcinoma,  it 
remains  to  say,  regarding  the  gross  pathology,  that  the  disease  gen- 
erally spreads  from  the  hilum  of  the  lungs  or  attacks  the  greater 
part  of  one  pulmonary  lobe,  or  even  an  entire  lobe,  more  rarely  all 
the  lobes  of  one  side.  In  such  cases  the  other  lung  almost  always 
remains  free.  If  the  upper  lobe  is  attacked,  the  disease  seems  to 
spread  last  to  the  apex,  so  that,  at  the  autopsy,  the  latter  may 
sometimes  be  found  free  from  carcinomatous  masses  and  containing 
air  (Reinhardj. 

Omng  to  the  gradual  spread  of  the  neoplasm  from  the  hilum  of  the 
lung,  the  disease,  as  Reinhard  has  pointed  out  after  a  thorough  statis- 
tical investigation,  advances  in  most  cases  along  the  bronchial 
branches,  rarely  along  the  pulmonary  blood-vessels.  In  the  former 
case,  smaller  branches  of  the  bronchi  frequently  become  constricted ; 
even  fairly  large  bronchi  may  terminate  blindly  in  the  tumor-mass. 
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If  the  disease  is  diffuse  and  imoh-es  a  large  part  of  an  entire  lobe, 
the  central  portion  often  undergoes  softening,  the  process  being 
favored  by  the  presence  of  secretions  and  pathogenic  materials  in 
bronchi  that  have  become  impervious.  This  may  be  followed  by 
extravasations  of  blood  and  henioi'rhages. 

Almost  always  the  mediastinal  glands  will  be  found  to  be  consid- 
erably swolkni.  They  are  of  essential  importance  for  the  formation 
of  the  clinical  picture.  Rarely  one  or  several  of  the  supraclavicular 
glands  are  affected,  generally  only,  if  the  seat  of  the  carcinoma  is  in 
the  upper  lobe.  Then  they  are  conspicuous  by  their  remarkable  size. 
Still  more  rarely  the  lymph-glands  of  the  axillary  space  will  also  be 
affected. 

The  plem'a  is  sometimes  affected  by  pureh'  inflammatory  pro- 
cesses which  lead  to  effusions  mostly  of  a  hemorrhagic  or  purulent 
nature. 

ETIOLOGY. 

"\Miether  the  remote  cause  of  pulmonary  carcinoma,  as  well  as 
that  of  carcinoma  in  general,  depends  upon  local  conditions  (antago- 
nism of  the  tissues,  pre-existing  nuclei),  or  whether  it  is  to  be 
attributed  to  invasion  of  the  tissue  by  parasitic  formations,  an 
important  immediate  cause  of  the  pulmonary  carcinoma  I  take  to 
be  the  effect  of  severe  trauma,  which,  however,  does  not  produce 
laceration  of  the  pulmonary  tissue,  but  only  molecular  disturbances 
of  an  unknown  character.  At  least  I  cannot  regard  it  as  merel}^ 
accidental  that  in  the  four  cases  of  primar}^  pulmonarj-  carcinoma, 
which  I  had  the  opportunity  of  seeing,  grave  trauma  had  preceded. 
In  one  case  the  woman  had  fallen  from  a  ladder  on  the  right  side  of 
her  breast  while  cleaning  ^^indows,  and,  since  then,  had  continually 
complained  of  pains  in  the  right  side  of  her  breast.  Sixteen  months 
later  she  died,  thirty-six  years  old,  of  carcinoma  of  the  entire  right 
lung,  as  was  demonstrated  at  the  autopsy.  The  second  case  was  that 
of  a  man,  forty-six  3^ears  of  age,  who,  with  others,  was  lifting  a 
hea\y  beam,  when,  through  a  misunderstanding,  the  others  let  go, 
and  the  full  weight  of  the  beam  rested  on  his  shoulder  alone.  Two 
years  later  he  died  of  diffuse  carcinoma  of  the  left  upper  lobe. 

Georgi  has  also  described  a  case  of  medullary  carcinoma  of  the  left 
lung,  the  origin  of  which  he  traces  to  trauma.  A  piece  of  iron  weigh- 
ing about  eight  pounds  broke  when  hammered  and  W' as  thrown  against 
the  front  and  left  side  of  the  chest  of  a  blacksmith  sixty  years  of 
age.  He  died  a  year  later.  Georgi  explains  the  fact  that  the  forma- 
tion of  tumor  took  place  above  the  spot  where  the  man  had  been  hit 
— i.  e.,  in  the  upper  lobe — by  assuming  that  just  at  the  affected  spot  the 
lung  was  compressed,  and  the  air  and  blood  were  driven  out;  while 
above  this  place,  a  strong  congestion  or  slight  lacerations  of  vessels 
took  place,  so  that  there  a  lasting  injury  was  inflicted  and  the 
strongest  inflammator}'  reaction  caused,  which  in  its  further  course 
offered  favorable  conditions  for  the  development  of  the  neoplasm. 
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Lowenthal  demonstrated  a  primary  carcinoma  in  the  left  lung  of 
a  man  thirty-two  years  of  age  about  eight  months  after  a  ' '  kick ' ' 
against  his  chest. 

It  is  also  worth  mentioning  that  pulmonary  carcinoma  occurs  more 
frequently  in  men  than  in  women.  Out  of  22  cases  collected  by  Hasse, 
only  5  were  women,  17  men;  of  Reinhard's  27  cases,  11  were  women, 
16  men. 

Remarkable  is  also  the  occurrence  at  a  comparatively  early  age. 
Of  the  above  22  cases  of  Hasse,  9  occurred  between  twenty  and 
twenty-nine  j^ears  of  age,  8  between  thirty  and  thirty-nine,  2  between 
forty  and  forty-nine,  2  between  fifty  and  fifty-nine,  and  1  between 
seventy  and  seventy-nine.  "Consequently  the  greatest  disposition 
is  shown  during  the  prime  of  life." 

Reinhard  observes,  opposed  to  these  statements,  that,  according 
to  his  compilations  from  the  books  of  the  Dresden  Hospital,  out  of 
70  cases  only  15  were  under  forty  years  of  age,  while  55  were  over. 
But  it  seems  that  his  figures  are  not  quite  reliable,  as  a  later  com- 
pilation by  Fuchs  from  the  records  of  autopsies  held  at  Munich, 
according  to  the  statement  of  Griinwald,  shows  that  these  tumors 
differ  materially  from  cancers  in  other  parts  of  the  body.  Out  of  60 
cases,  11  were  between  twenty-one  and  thirt}^;  10  between  thirty-one 
and  forty;  12  between  forty-one  and  fifty;  "therefore  over  one-third 
of  all  cases  occurred  at  an  age  which  is  generally  considered  immune 
from  carcinoma." 

SYMPTOMS. 

The  clinical  manifestations  of  pulmonary  carcinoma  are  extremely 
dissimilar,  in  keeping  with  the  variety  of  the  described  pathologic 
processes.  To  be  able  to  give  an  approximately  accurate  picture  I 
consider  it  necessary  to  distinguish — 

1.  Primary  carcinoma,  originating  in  the  pulmonary  tissue, — 
or,  more  correctly,  in  the  alveoli, — occupying  a  more  or  less  extended 
part  of  a  pulmonary  lobe,  or  an  entire  lobe,  or  even  an  entire  lung. 

2.  Carcinoma  originating  in  a  larger  bronchus,  at  the  onset 
mostly  occupying  those  portions  of  the  pulmonary  substance  which  are 
in  the  neighborhood  of  the  hilum  and  spreading  from  there  to  the 
periphery. 

3.  Secondary  carcinoma,  originating  in  remote  organs,  or,  more 
correctly,  isolated  carcinomatous  nodes  of  different  sizes  appearing 
in  the  lungs. 

The  first-named  form  is  principally  characterized  by  a  number  of 
physical  manifestations  which  I  cannot  describe  better  than  by  quot- 
ing Reinhard : 

"Among  the  primary  objective  symptoms  that  are  observed  on 
examining  the  patient  the  demonstrable  alterations  in  the  thorax 
and  in  the  lung  first  arrest  the  attention.  After  the  disease  has 
lasted  some  little  time,  the  thorax  on  inspection  presents  a  noticeable 
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as3'mmetry  of  its  two  halves,  as  regards  either  its  dimensions  or  the 
degree  of  curvature.  Sometimes  a  change  of  the  three  dimensions, 
and  with  this  of  the  thoracic  circumference  of  the  affected  side,  is 
most  prominent;  then,  again,  the  dimensions  on  both  sides  are  equal, 
but  in  viewing  the  anterior  wall  of  the  thorax  it  is  noticeable  that  the 
two  halves  show  differences  of  curvature.  This  depends  more  or  less 
upon  the  parts  of  the  lungs  in  which  the  carcinomatous  growth  pre- 
tlominates.  If  the  principal  seat  of  the  disease  is  located  in  the  lower 
parts  of  either  lung, — i.  e.,  in  the  lower  and  middle  lobe, — there  will 
be,  as  in  pneumonia  and  pleural  exudations,  deviations  in  the 
circumference  of  these  parts;  if,  however,  an  u])per  lobe  is  the 
principal  seat  of  the  new-growth,  an  alteration  of  the  thoracic  arch 
will  be  noticed  in  this  part.  In  what  way  this  deviation  from  the 
normal  takes  place  depends  upon  the  manner  of  extension  and  the 
proportions  of  growth  of  the  tumor,  and  upon  other  anatomic  con- 
ditions. If  proliferation  is  very  conspicuous,  an  increase  manifesting 
itself  in  considerable  extension  and  in  obliteration  of  the  intercostal 
spaces  of  the  affected  side  is  the  necessary  consequence.  If,  on  the 
other  hand,  the  interstitial  inflammation,  which  progresses  pari  passu 
with  the  grov\i;h  of  the  neoplasm,  and  is  accompanied  by  shrinking 
of  the  tissue  and  the  formation  of  hard  callosities  that  undergo 
cicatricial  contraction,  predominates,  these  structural  changes  find 
their  clinical  expression  in  a  negative  modification  of  the  normal 
curve,  or,  in  other  words,  in  retraction  of  the  thoracic  wall.  Accord- 
ingly, the  statement  will  be  found  in  some  cases  that  the  affected  side 
of  the  thorax  is  widened  or  narrowed  or  finally  retracted;  but  any  of 
these  de^4ations  may  be  wanting.  Exact  information  about  these 
conditions  is  gained  by  repeated  measurements  and  comparisons  of 
the  cUseased  \nth  the  health}'-  side  of  the  thorax.  A  decreased  ex- 
pansibihty  of  the  affected  pulmonary  parts  is  determined  partly  by 
inspection,  partly  by  application  of  the  hand  during  deep  inspiration. " 
If  in  primary  carcinoma  only  the  lower  lobe  is  affected,  every 
characteristic  symptom  may  be  absent,  according  to  my  experience, 
and  the  impression  may  be  created  at  the  first  moment  that  one  has 
to  deal  with  a  simple  pleural  exudation.  The  objective  symptoms 
are  remarkably  like  those  of  pleuritis.  Exploratory  puncture  will, 
of  course,  be  negative,  and,  upon  close  examination,  the  dulness  on 
the  anterior  thorax  reaches  higher  than  in  an  uncomplicated  pleu- 
ritic exudation.  The  following  observation,  in  which  the  anamnesis 
did  not  give  any  support  for  the  recognition  of  the  disease,  will  best 
.tend  to  prove  this : 

Mill-owner  B.,  sixty-five  years  of  age,  two  years  before  his  last  disease 
was  suffering  from  a  disease  of  the  bladder,  which  was  cured  in  a  short 
while.  At  the  end  of  October,  1885,  after  hunting,  he  was  attacked  by 
asthmatic  symptoms.  Two  weeks  later  there  was  dulness  in  the  right 
side,  corresponding  approximately  to  the  middle  and  lower  lobe;  at  the 
same  place  weakened  respiration ;  no  pectoral  fremitus.  The  percussion 
note   over  the  upper  lobe  was  very  variable, — i.  e.,  sometimes  more. 
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at  other  times  less  loud, — the  respiration  weak  but  purely  vesicular. 
The  patient  was  pale,  but  well  nourished.  The  temperature  did  not  rise 
above  38.2°  C.  (100.8°  F.)  in  the  evening,  the  pulse  was  very  frequent. 
Asthma  did  not,  however,  appear  during  the  course  of  the  disease  when 
the  patient  was  in  bed.  The  sputa  were  not  very  abundant,  dark,  tough, 
mucopurulent,  and  rusty.  Although  the  dulness  on  the  anterior  thorax 
reached  higher  and  was  more  intense  than  on  the  posterior  side,  the 
possibility  of  an  empyema  was  thought  of ;  but  aspiration  with  the 
Pravaz  syringe  only  yielded  blood.  Two  weeks  after  the  onset  of  the 
disease,  with  gradual  decline  of  strength,  death  occurred.  The  autopsy 
showed  a  diffuse  carcinoma  (medullary  sarcoma)  of  the  lower  lobe  and  a 
part  of  the  middle  lobe,  carcinomatously  degenerated  mediastinal  glands, 
and  a  stone  in  the  bladder  the  size  of  a  pigeon-egg. 

The  possibility  of  mistaking  this  condition  for  pleuritis  is  compre- 
hensible if  a  patient  comes  under  treatment  under  circumstances  or  at 
a  time  as  described  in  the  following  observation : 

-  Agent  W.  H.,  fifty-eight  years  of  age,  has  suffered  since  early  in  1886 
from  cough  and  asthma.  As  he  thought  that  his  first  physician  had  not 
examined  him  sufficiently  after  the  disease  had  existed  for  a  year  and  three 
months,  he  went  to  another  one  who  caused  him  to  go  to  a  hospital  at  once, 
because  an  immediate  evacuation  of  his  left-sided  pleural  effusion  was 
necessary. 

The  patient  is  weak  in  structure,  slightly  pale,  weight  55  kg.  His 
father  died  of  cancer  of  the  stomach,  at  the  age  of  sixty-five.  Except 
for  the  disease  which  brought  him  to  the  hospital,  he  has  always  been 
healthy.  The  examination  shows  a  dulness  OA^er  the  left  posterior  side 
of  the  thorax  from  the  middle  of  the  scapula  downward;  over  this 
part  respiratory  sounds  and  pectoral  fremitus  are  not  present.  In  the 
line  of  the  left  axilla  the  dulness  reaches  almost  as  high  as  posteriorly. 
Only  anteriorly  above  the  heart  loud,  full  sounds  are  present.  The  case 
was  taken  to  be  one  of  simple  serous  effusion  and  salicylic  acid  was 
prescribed.  As  this  proved  to  be  without  any  effect,  the  dulness  even 
advanced  upward,  and  the  asthma  increased,  an  aspiration  was  performed 
three  days  later,  on  March  18th,  and  2300  c.c.  of  a  serous  fluid  with  a 
slight  tinge  of  blood  w^as  discharged.  After  this  the  dyspnea  decreased, 
but  the  dulness  continued  over  the  left  lower  lobe.  During  the  next  days 
it  advanced  still  higher  and  the  dyspnea  increased  again.  On  March 
24th,  suddenly  edema  of  the  lungs  set  in  with  fatal  termination. 

The  autopsy  showed:  Medium-sized,  poorly  developed  body  with 
slightly  pale  yellow  skin,  livid  lips,  weak,  pale  muscular  structure,  and 
very  scanty  cushions  of  fat.  The  pericardium  contains  about  two  table- 
spoonfuls  of  bloody-serous  fluid.  The  heart  is  of  normal  size,  the  muscu- 
lar structure  is  brownish-yellow,  pale,  flabby;  all  valves  are  intact.  The 
left  pleural  cavity  contains  a  liter  of  bloody-serous  fluid.  The  lower  lobe 
of  the  left  lung  consists  of  a  completely  airless,  dense  white  mass  in  which 
only  the  largest  bronchi  can  be  distinguished.  The  middle  lobe  is  softened 
and  transformed  into  a  greasy,  yellow,  almost  purulent  looking  mass. 
The  upper  lobe  is  small  and  contains  but  very  little  air.  The  right  pleural 
cavity  is  empty,  the  right  lung  very  edematous  and  hyperemic,  otherwise 
without  change. 
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The  spleen  is  of  normal  size,  firjn  on  section,  of  brownish-red  appear- 
ance. 

Both  kidneys  are  very  hyperemic,  otherwise  normal.  The  liver  is  of 
normal  size.  On  the  surface  as  well  as  on  the  cut  surface  a  great  number 
of  firm,  whitish  nodes  ranjrinp;  in  size  from  a  millet-seed  to  a  hazelnut 
arc  present.  On  the  mucous  membrane  of  the  small  intestine  swollen  soli- 
tary follicles  are  visible. 

As  can  be  said  afterward,  in  this  case  the  hereditary  disposition, 
the  area  of  dulness  over  the  left  lung,  reaching  almost  as  high  in 
the  axillary  line  as  posteriorh'^,  the  slightly  bloody  appearance  of 
the  aspirated  fluid,  and  especially  if,  in  view^  of  these  suspicious 
signs,  the  posterior  thorax  had  been  examined  immediately  after  the 
evacuation  of  2300  c.c,  the  persistence  of  the  dulness  might  have 
suggested  the  diagnosis  of  carcinoma. 

In  the  second  class  of  cancers — i.  e.,  those  which  originate  in  the 
bronchi — a  greater  number  of  symptoms  are  observed,  principally 
because  these  growths  produce  narrowing  of  the  air-passages,  and  may 
be  accompanied  by  glandular  sw^ellings,  especially  enlargement  of  the 
mediastinal  glands  which  often  attain  a  considerable  size. 

Either  stenosis  of  the  air-passages  is  caused  by  carcinomatous 
proliferation  within  the  substance  of  the  mucous  membrane,  or  the 
trachea  and  bronchi  may  be  surrounded  by  carcinomatous  masses,  so 
that  the  tubes  are  compressed  from  without.  Clinically  this  leads  to 
whistling,  long-drawn-out  respiration,  both  phases  being  equally 
labored.  In  the  case  of  a  patient  wiio  had  been  admitted  for  a  large, 
right-sided  empyema  which  was  evacuated  by  operative  means,  I 
once  had  the  opportunit}"  of  making  the  diagnosis  of  pulmonary 
cancer,  and  my  diagnosis  was  largely  based  on  this  very  inspiratory 
and  expiratory  stridor. 

The  case  was  that  of  a  man  forty-six  years  of  age,  who  said  that 
during  the  eight  months  preceding  his  admittance  to  the  hospital  on  May 
7,  1892,  he  had  had  pleuropneumonia,  and  had  suffered  from  great  diffi- 
culty in  breathing  for  the  last  four  months.  On  the  day  named  three 
liters  of  thick  pus,  mixed  with,  abundant  large  fibrin  coagula,  were  evacu- 
ated from  the  right  pleural  cavity  by  resection  of  ribs.  Only  when  after 
this  operation  high-graded  stridor  and  inspiratory  and  expiratory,'  dyspnea 
remained,  the  diagnosis  of  carcinomatous  affection  of  the  right  lung  could 
be  made  on  account  of  the  other  symptoms  present — namely,  enlarged 
supraclavicular  glands,  the  finding  of  a  tumor  as  large  as  an  apple  in 
the  lower  section  of  the  left  lobe  of  the  liver,  occasional  rusty  sputa,  and 
slight  paresis  of  the  right  vocal  cord.  Fever  had  never  been  present. 
Twenty-six  days  after  the  operation  death  followed.  At  the  autopsy  a 
more  than  fist-sized  medullar}'  carcinoma  was  found  in  the  mediastinum 
which  was  near  the  pericardium;  the  right  lung,  which  had  been  com- 
pressed, was  collapsed,  airless,  and  contained  numerous  carcinomatous 
nodes.  The  mucous  membrane  of  the  lowest  part  of  the  trachea  and  of 
the  right  bronchus  contained  flat  nodes,  and  the  lumen  of  these  ducts 
was  much  stenosed.  The  tumor  in  the  left  lobe  of  the  liver,  which  had 
been  observed  during  life,  likewise  proved  to  be  a  medullary  carcinoma. 
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From  the  same  cause,  stenosis  of  the  trachea  and  both  main 
bronchi,  is  to  be  explained  the  decrease  or  cessation  of  the  very  loud, 
harsh,  bronchial  respiration  which  under  normal  circumstances  is 
audible  over  the  trachea  immediately  above  the  manubrium  during 
the  entire  duration  of  inspiration  and  expiration.  Of  4  cases,  in 
which  I  had  the  opportunity  to  observe  this  phenomenon,^*  2  were 
mediastinal  carcinomata  which  had  grown  into  the  trachea  exactly  at 
the  bifurcation  and  gradually  closed  the  entrance  into  both  bronchi. 

I  explained  the  change  of  the  normal  sound  over  the  trachea  as 
follows:  The  production,  under  normal  circumstances,  of  bronchial 
respiration  by  the  air  passing  from  the  narrow  glottis  into  the  wide 
trachea  is  due  to  the  formation  of  eddies  beyond  the  stenosed  place 
— i.  e.,  beyond  the  glottis.  But  this  requires  a  certain  velocity  of  the 
air-current,  which  under  normal  circumstances  is  secured  by  the 
almost  uniform  width  of  the  entire  trachea.  If  the  latter,  however,  is 
narrowed  in  one  place,  so  that  its  lumen  is  only  as  wide  as  the  glot- 
tis or  less,  the  eddies  of  air  must  become  less  in  the  passage  from  the 
glottis  into  the  trachea,  and  consequently  the  normal  bronchial  res- 
piration undergoes  the  described  modification  which  is  valuable  for 
the  diagnosis  of  tracheal  stenosis. 

Of  course,  it  still  remains  to  be  demonstrated  in  what  cases  and 
in  what  kinds  of  stenosis  of  the  large  air-passages  this  change  of  the 
bronchial  respiration  takes  place.  In  a  case  of  Jacoby  of  aortic 
aneurysm  with  syphilitic  tracheo-bronchostenosis,  of  which  all  the 
symptoms  were  present,  and  which  was  also  indicated  by  the  laryngo- 
scope plainly  showing  visible  elevated  curvature  of  the  tracheal  wall, 
the  respiratory  sounds  over  the  trachea  were  perfectly  normal.  He 
considers  it  not  impossible  that  the  respiratory  sounds  over  the  tra- 
chea of  his  patient  continued,  because  there  existed  not  a  constriction 
of  one  place  in  the  trachea,  but  a  duct-like  stricture  continuing 
into  the  bronchus. 

Furthermore,  symptoms  due  to  pressure  on  the  nerves  and  vessels 
in  the  mediastinum  are  to  be  considered.  Pressure  on  the  recurrent 
laryngeal  nerve  must  lead  to  paresis  of  the  A^ocal  cord,  in  the  esopha- 
gus, and  to  difficulties  in  deglutition;  an  obstruction  of  the  venous 
reflux  to  the  heart  may  be  followed  either  by  bloating  of  the  supra- 
clavicular parts  or  dilatation  of  the  subcutaneous  veins  over  the 
upper  parts  of  the  thorax,  or  edema  of  one  arm. 

In  the  two  cases  of  primary  carcinoma  of  the  lungs  described  by 
Kasem  Beck  an  intense  enlargement  of  the  cutaneous  veins  had  set  in 
only  on  the  side  corresponding  to  the  diseased  lung.  If  glandular 
enlargements  also  take  place  in  the  supraclavicular  parts,  they  never 
reach  any  considerable  size. 

Besides  all  these  symptoms,  a  more  or  less  extensive  area  of  dul- 
ness  over  the  lungs,  mostly  over  the  upper  lobes,  must  be  present. 
The  dulness  may  alternate  or  be  associated  with  a  great  variety  of 
percutory  phenomena.  Thus,  Woillez  mentions  "  tympanisme  thor- 
acique"  as  a  not  exactly  characteristic  but  important  symptom  of 
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pulmonary  cancer.  It  is  a  tympanitic  sound  which,  when  a  tumor 
is  present  in  the  puhnonary  tissue,  sometimes  precedes  the  dulness 
depending  upon  it,  and  which  is  produced  by  the  pulmonary  paren- 
chyma over  and  next  to  the  tumor  being  still  })er\'ious  to  air,  but 
relaxed  ami  not  able  to  assume  its  usual  tension.  Griinwald  de- 
scribes a  very  remarkable  change  of  the  physical  signs  in  his  case. 
Sometimes  the  dulness  was  replaced  by  a  tympanitic  note  with 
bi-onchial  respiratory  sounds,  at  other  times  this  change  occurred  only 
in  the  dorsal  {)osition,  sometimes  the  extent  of  the  dulness  decreased, 
at  other  times  it  increased.  Ebstein  lays  stress  upon  the  importance 
of  conspicuously  regular,  rapidly  changing  zones  of  dulness. 

The  complete  obstruction  atelectasis  of  the  right  lung,  as  described 
b}''  Korner,  deserves  to  be  mentioned  as  a  rare  consequence  of  a  bron- 
chial carcinoma. 

The  least  significant  symptoms  are  present  in  carcinoma  secon- 
dary to  carcinoma  of  remote  organs,  because  they  rarely  reach  con- 
siderable size.  The  carcinomatous  cells  are,  as  mentioned,  undoubt- 
edly transferred  b}'  means  of  the  vascular  system.  Mostly  they  get 
into  the  lesser  circulation,  and  from  here  like  emboH  into  the 
branches  of  the  pulmonary  artery. 

The  character  of  the  sputum  is  the  only  symptom  that  is  practically 
the  same  in  all  the  various  modifications  of  the  process,  depending  on 
origin,  seat,  and  size  of  the  tumor.  The  greater  the  extent  of  the  car- 
cinoma, the  more  readily  will  the  peculiarities  of  the  sputum  be  ob- 
served. In  addition  to  the  occasional  admixture  of  blood,  which  in 
itself  presents  nothing  characteristic,  even  when  it  resembles  rasp- 
berry or  currant  jelly,  the  sputa  of  these  patients  contain  certain 
cellular  structures  which,  according  to  Hampeln,  who  was  the  first  to 
mention  them,  are  a  sure  sign  of  the  presence  of  cancer. 

These  structures  are  unpigmented,  polymorphous,  polygonal  cells, 
varjdng  greatly  in  size,  with  distinctly  outlined  nuclei  and  equally 
distinct  nucleoli.  They  may  be  agminated  or  solitary,  and  are  some- 
times of  gigantic  size.  He  believes  himself  justified  in  concluding 
that  "these  structures,  which  do  not  occur  under  any  other  circum- 
stances, are  produced  by  a  neoplasm, "  on  the  ground  that  the  normal 
poh'gonal  epithelial  cells  of  the  pulmonary  alveoli,  ' '  mipigmented ' ' 
and  unchanged  as  to  shape,  if  they  occur  in  the  sputum  at  all,  are 
found  only  in  isolated  examples.  The  presence  of  these  cells,  how- 
ever, tells  us  nothing  in  regard  to  the  seat  of  the  cancer;  above  all, 
they  do  not  negative  the  existence  of  a  bronchial  carcinoma. 

Betschart  reports  a  similar  finding  in  a  case  of  pulmonary  carci- 
noma. In  fresh  sputa  large,  circular  cells  were  found,  Mng  close 
together,  with  one  to  four  nuclei,  each  of  which  contained  one  to 
four  nucleoli.  The  shape  of  these  cells  was  round,  oblong  or  polygo- 
nal with  rounded  corners;  some  were  of  remarkable  size.  Their 
protoplasm  was  finely  granular;  the  granulation  in  the  surrounding 
of  the  nucleus  was  slightly  denser  than  in  the  peripheral  zone,  which 
made  the  latter  appear  paler. 
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Ehrich  reports  the  finding  of  tumor  particles  in  the  sputum.  A 
man  fifty-one  years  of  age,  about  a  year  after  the  onset  of  the  disease, 
expectorated,  besides  blood,  villous  masses  which,  according  to  Mar- 
chand's  investigation,  consisted  chiefly  of  numerous  polymorphous 
cells,  which  were  often  arranged  in  large  clumps,  but  sometimes 
showed  a  kind  of  concentric  stratification.  At  one  place  a  group  of 
polyhedral  cellular  forms  was  found  with  very  large  bloated  nuclei. 

Kronig  succeeded,  by  puncture  with  a  cannula  the  diameter  of 
which  was  a  little  larger  than  that  of  an  ordinary  Pravaz  syringe,  in 
drawing  out  a  piece  of  yellowish-white  substance,  the  microscopic 
examination  of  which  showed  a  conglomeration  of  lymph-corpuscles 
with  very  large  nuclei.  They  were  embedded  in  a  very  fine  reticulum, 
and  at  some  places  surrounded  by  bundles  of  elastic  fibers  from  which 
the  presence  of  a  malignant  new-formation  could  be  concluded.  The 
autopsy  showed  a  carcinomatous  sarcoma. 

Of  other  characteristic  symptoms  of  pulmonary  carcinoma,  and 
carcinoma  in  general,  remain  to  be  mentioned  marasmus  and  inter- 
mittent fever.  Both  manifestations  have  been  exhaustively  dis- 
cussed by  Hampeln. 

In  relation  to  the  former,  he  remarks  that  every  visceral  carcinoma 
manifests  itself  either  in  the  form  of  marasmus  which  appears  when 
poverty,  want,  misery,  and  disease  complicate  old  age,  or  by  the  signs 
of  profound  anemia.  But  these  types  are  not  possessed  of  anything 
specific. 

It  is  surely  correct  that  anemia  may  be  caused  by  carcinoma,  but 
according  to  my  experience,  it  can  be  of  service  for  the  recognition  of 
carcinoma ^at  most  in  the  very  last  stages. 

Regarding  the  intermittent  fever,  so  far  as  it  is  to  be  made  of  im- 
portance for  the  recognition  of  pulmonary  carcinoma,  Ebstein  remarks 
correctly  that  it  is  much  more  likely  to  indicate  tuberculosis,  even 
if  no  tubercle  bacilli  are  present  in  the  sputum ;  for  the  temperature 
not  very  rarely  presents  this  type  in  this  comparatively  more  frequent 
affection. 


DIAGNOSIS, 

In  the  diagnosis,  as  in  the  symptomatology,  the  problem  must  be 
viewed  from  a  different  standpoint  according  as  we  are  dealing  with 
diffuse,  parenchymatous  carcinoma  of  the  lower  lobe  or  of  an  entire 
lung,  or  with  a  new-growth  originating  in  the  upper  lobe  or  in  the 
bronchi.  In  regard  to  the  former,  the  error  of  mistaking  it  for  a  simple 
pleurisy  must  be  especially  guarded  against.  The  mistake  is  quite 
pardonable  and  may  easily  be  made  in  the  early  stages  of  the  disease, 
before  any  marked  symptoms  of  cachexia  have  developed.  The  his- 
tory may  fail  to  give  any  clue  whatever,  as  in  the  case  described  above, 
on  page  715,  in  which  the  patient  attributed  his  illness  to  a  hunting 
expedition,  during  which  he  thought  he  had  caught  cold. 

When  making  a  physical  examination,  it  is  to  be  borne  in  mind 


CARCINOMA  OF  THE  LUNGS.  721 

that  a  dulness  over  the  lower  lobe  due  to  carcinoma  extends  higher 
than  dulness  due  to  a  pleural  (effusion.  The  question  must  ho,  decided 
by  an  exploratory  puncture  which  gives  a  negative  result,  or,  if  a  large 
needle  is  used,  sometimes  brings  forth  particles  of  tumor.  The  diag- 
nosis becomes  still  more  difficult  if  a  pleural  effusion  sufficient  to  ex- 
plain the  existing  symptoms  is  present.  At  the  same  time  the  fact 
that  the  fluid  is  mostly  not  purely  serous,  but  mixed  with  blood,  as  in 
the  case  mentioned  on  page  71G,  is  significant.  A  considerable  admix- 
ture of  blood  nearly  always  indicates  the  presence  of  a  carcinomatous 
or  tuberculous  process  in  the  pleura  or  in  the  lungs,  and  accordingly  all 
further  diagnostic  points  have  to  be  considered.  If  in  spite  of  proper 
me(Ucation  no  resorption  takes  place,  and  a  second  thoracocentesis  is 
indispensable,  it  will  be  necessary  to  determine,  immediately  after 
evacuation  of  the  fluid,  whether  the  dulness  has  entirely  disappeared, 
which  in  strong  patients  may  be  done  in  the  sitting,  in  weak  patients  in 
the  lateral  position;  a  persistence  of  the  dulness  after  abundant  dis- 
charge offers  the  best  explanation  of  a  doubtful  case. 

The  diagnosis  of  diffuse  sarcoma  of  the  pulmonary  lobe  I  may 
discuss  in  connection  with  the  following  case,  which  took  a  rare  course : 

The  laborer,  G.  St.,  was  admitted  to  the  hospital  on  Februar}^  12, 1896. 
In  June,  1894,  his  right  thigh  had  been  amputated  on  account  of  a  bone 
tumor,  about  the  nature  of  which  nothing  further  could  be  learned.  Up 
to  ten  weeks  ago  he  was  perfectly  healthy.  Then  hemoptysis  set  in,  which 
since  then  recurred  frequently.  During  this  time  he  also  suffered  much 
from  night-sweats.. 

Condition  on  February  13,  1896 :  Patient  is  small  of  stature,  pale,  but 
in  moderately  good  condition.  He  has  slight  fever;  the  urine  contains  no 
albumin.  The  upper  third  of  the  right  thigh  ends  in  an  amputation  stump. 
The  abdomen  is  soft,  liver  and  spleen  are  of  normal  size.  The  heart  is  not 
enlarged,  the  heart  sounds  are  clear.  The  percussion  sound  over  the  ante- 
rior lung  is  full  and  deep,  the  respiration  vesicular.  Right  posterior,  from 
the  spine  of  the  scapula  down,  there  is  dulness,  no  respiratory  sounds  are 
audible;  the  pectoral  fremitus  has  disappeared.  Exploratory  puncture 
brings  blood-colored  pus. 

Februar}^  15,  1896 :  After  costotomy  ^  liter  of  pus  mixed  with  blood 
is  discharged  from  the  right  thoracic  cavity.  In  the  evening  the  patient 
is  much  relieved.  The  sputum  is  sanguinolent,  contains  no  tubercle 
baciUi. 

February  17,  1896:  The  secretion  during  the  daily  change  of  dressing 
is  insignificant.  Right  interscapular  dulness  on  percussion,  and  loud 
bronchial  respiration.  Over  both  pulmonary  apices  the  sound  is  full 
and  deep,  the  respiration  vesicular.  The  previously  severe  cough  has 
abated. 

February  27,  1896:  Yesterday  there  was  more  irritation,  causing 
cough.  The  temperature  rose  to  39.2°  C.  (102.6°  F.),  the  pulse  was  132. 
To-day  toward  morning  he  perspired  very  much,  so  that  he  had  to  change 
his  linen. 

March  30,  1896:  With  very  little  fever,  insignificant  secretion  from 
the  puncture  wound,  occasional  blood  streaks  in  the  sputum,  frequent 
severe  perspiration  in  the  morning,  a  piece  about  2  cm.  length  was  re- 
46 
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sected  from  the  vertebral  end  of  the  rib  which  touches  the  wound,  on  ac- 
count of  the  carious  condition  of  its  inner  surface. 

April  24,  1896 :  The  secretion  from  the  puncture  wound  has  neverthe- 
less continued,  even  increased  during  the  last  days.  It  was  discovered 
that  the  caries  of  the  affected  rib  extends  further  to  its  central  part; 
therefore,  under  chloroform  narcosis,  a  piece  10  cm.  long  was  resected. 
At  the  bottom  of  the  wound  decayed  pulmonary  tissue  is  visible.  The 
wound  was  packed  with  iodoform  gauze. 

May  5,  1896:  The  wound  is  narrowing;  there  is  no  secretion.  Right 
posterior,  from  the  spina  scapula  down,  dulness  and  absence  of  respira- 
tory sounds;  sometimes  dry,  barking  cough;  often  mucous,  slightly  san- 
guinolent  expectoration. 

June  1,  1896:  The  wound  has  closed  entirely.  The  subjective  condi- 
tion is  good,  but  the  dulness  from  the  spine  of  the  scapula  down,  the  ab- 
sence of  respiratory  sounds,  and  the  diminution  of  the  pectoral  fremitus 
continue. 

June  19,  1896:  The  sputa  have  not  been  bloody  during  the  last  days; 
the  wound  has  completely  cicatrized.  The  condition  is  the  same  as  on 
June  1st.     At  his  request  the  patient  is  discharged  as  cured. 

On  June  28th  he  has  to  be  readmitted  because  dyspnea,  insomnia, 
barking  cough,  rusty  sputum,  and  diarrhea  have  set  in.  The  percus- 
sion sound  over  the  right  thoracic  side  is  dull  anteriorly  as  well  as  poste- 
riorly ;  respiration  and  pectoral  fremitus  are  absent.  The  sputum  shows 
admixture  of  blood;  the  cough  is  short,  barking.  The  heart  is  normal. 
The  abdominal  walls  are  slightly  tense;  the  liver  extends  about  5  cm. 
below  the  costal  margin;  the  spleen  is  normal.  No  fever  exists;  the 
urine  is  free  from  albumin. 

July  2,  1896:  The  patient  has  whistling  inspiration.  The  liver  con- 
stantly extends  5  cm.  below  the  costal  margin.  Pressure  over  the  liver 
■does  not  produce  pain.  On  the  right  side  over  the  fossa  supraspinata  the 
percussion  sound  is  empty  and  high  in  pitch;  no  respiratory  sounds  are 
audible.  Dulness  is  present  down  to  the  base  of  the  lung.  The  respiratory 
isounds  here  are  also  suspended ;  only  in  the  interscapular  space,  on  the 
right,  very  low  respiration  can  be  heard.  On  the  right  side  in  front 
.and  over  the  side  of  the  chest  dulness  everywhere;  the  respiratory 
murmur  is  inaudible.  The  impulse  of  the  heart  can  be  seen  and  felt  to 
the  left,  between  the  fifth  and  seventh  intercostal  spaces  to  the  middle 
axillary  line.  Above,  the  heart  dulness  reaches  as  far  as  the  upper  bor- 
der of  the  fourth  rib.  The  right  forearm  and  the  right  hand  are  ede- 
matous; the  circumference  of  the  former  at  the  widest  place  is  25  cm., 
that  of  the  left  forearm  21.5  cm.  The  sputa  are  grayish-black,  mixed 
with  blood. 

July  4,  1896 :  The  edema  in  arm  and  hand  has  increased,  the  face  is 
also  edematous.  Low,  remote  bronchial  respiration  is  heard  over  the  right 
anterior  thorax.  In  the  evening,  with  high-graded  dyspnea  and  gradual 
diminution  of  the  pulse,  death  occurs  at  9  o'clock. 

The  autopsy  was  performed  on  July  6th.  The  left  lower  extremity, 
the  right  arm,  and  the  face  are  edematous.  The  right  thorax  is  in  all 
dimensions  wider  than  the  left.  After  opening  the  abdominal  cavity 
one  sees  the  liver  extending  about  6  cm.  below  the  costal  curvature. 
After  removal  of  the  sternum  and  the  costal  cartilages  the  right  lung 
practically  presses  forward.     The  heart  is  displaced  far  to  the  left. 

The  pericardium  contains  a  small  quantity  of  cloudy  serous  fluid.    The 


CARCINOMA  OF  THE  LUNGS.  723 

heart  is  moderately  larp;e,  the  muscular  structure  coarse,  pale,  of  normal 
thickness;  in  the  cavities  of  the  heart  are  ample  cruor  masses  and  larda- 
ceous  coagulations.  The  valves  are  all  intact.  The  weight  of  the  entire 
heart  is  312  gm. 

The  right  lung  is  adherent  to  the  thoracic  wall.  Its  weight  is  2400  gm. 
The  tissue  is  completely  airless.  Only  in  the  apex  of  the  upper  lobe  the 
structure  can  be  recognized;  otherwise  upper  and  middle  lobes  consist  of 
a  uniform,  whitish  mass  which  in  some  places  presents  }'ellow  and  3'el- 
lo\\ish-red  spots,  at  other  places  contains  sf)ftened  areas.  The  lo\\(n-  lobe, 
on  the  cut  surface  has  a  imiformly  yellowish  appearance,  which  is  inter- 
rupted by  some  gray  hyaline  markings.  In  the  posterior  lower  part  the 
appearance  is  more  uniformly  hemorrhagic.  The  principal  vein  of  the 
lower  lobe  and  a  great  number  of  its  twigs  are  thrombotic.  The  left 
lung  is  nowhere  adherent  to  the  thoracic  wall,  contains  much  air,  and  is 
but  little  edematous. 

The  spleen  is  15  cm.  long,  8  cm.  broad,  4  cm.  thick,  its  tissue  firm, 
pale  brown  on  the  cut  surface ;  its  weight  is  190  gm. 

The  left  kidney  is  difficult  to  remove  from  its  capsule;  11  cm.  long, 
4  cm.  broad,  3.2  cm.  thick;  its  consistency  is  firm;  the  cortex  shows 
normal  conditions  on  the  cut  surface.  The  right  kidney — 12  cm.  long 
5.5  cm.  broad,  3  cm.  thick — does  not  show  any  abnormalities.  The  two 
organs  together  weigh  320  gm.  The  liver  is  much  enlarged  and  weighs 
2035  gm.     The  cut  surface  shows  the  typical  picture  of  nutmeg-liver. 

The  mucous  membrane  of  the  stomach  is  swollen;  the  mucous  mem- 
brane of  the  intestine  is  pale. 

The  microscopic  examination  of  the  diseased  lung  showed  that  the 
main  mass  of  the  tumor  consisted  of  closely  packed  layers  of  round  cells. 
In  many  places  they  were  intact;  i.  e.,  in  applying  the  three-color  stain 
the  blue-colored  nuclei  showed  distinctly  in  the  brown  protoplasm.  In 
some  places  the  nuclei  were  surrounded  by  a  pale,  blue  circle,  while  the 
central  larger  part  showed  darker  tints.  But,  besides,  other  parts  were 
found  where  no  nuclei  could  be  distinguished  in  the  cells;  the  latter, 
then,  represented  nothing  but  brown,  circular,  clearly  defined  struc- 
tureless formations.  At  such  places  frequently  many  wide  blood-ves- 
sels with  delicate  walls  were  present.  The  entire  mass  was  interspersed 
with  long  and  broad  tracts  of  connective  tissue,  containing  also  elastic 
fibers,  and  intersected  by  oblong  ducts  of  varjdng  width  which,  accord- 
ing to  the  direction  of  the  section,  proved  to  be  empty  circular  spaces. 
Their  walls  were  thin  and  structureless. 

Finally,  it  remains  to  be  mentioned  that  in  many  places  circular 
formations  were  visible  which  after  staining  assumed  a  golden  appear- 
ance. These  formations  often  showed  fine  wavy  processes.  (Compare 
Plate  6,  Fig.  12.) 

The  above  case  demonstrates  the  remarkable  clinical  congruit}'  of 
diffuse  pulmonary  sarcoma,  if  it  originates  in  the  lower  lobe,  with 
diffuse  pneumono-carcinoma.  The  essential  difTerences  are  found  in 
the  youthful  age  and  in  the  existence  of  a  primary  neoplasm  in  a  per- 
ipheral part  of  the  body,  in  this  case  in  the  thigh.  Whether  in  the 
future  a  careful  examination  of  the  sputa  will  render  it  possible  to 
demonstrate  the  differences  must  be  left  undecided  for  the  present. 
In  either  case  the  tumor  may  be  hemorrhagic. 
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As  is  proved  by  this  case,  the  comphcations  are  essentially  the 
same  whether  the  diffuse  affection  of  the  lungs  be  sarcomatous  or 
carcinomatous.  Hemorrhagic  or  purulent  pleuritis  is  the  most  im- 
portant complication  to  be  considered.  In  the  case  in  question  puru- 
lent pleuritis  was  complicated  by  caries  of  the  ribs  which  could  only 
be  removed  by  the  resection  of  a  piece  of  rib  10  cm.  long.  That 
against  expectation  the  wound  closed  completely  over  the  sarcoma- 
tously  degenerated  lungs,  with  the  ragged  appearance  of  that  part 
■which  was  visible  through  the  resection  wound,  I  am  inclined  to 
ascribe  to  a  great  extent  to  the  influence  of  the  iodoform  gauze.  I 
do  not  venture  to  explain  the  finding  of  the  circular  formations  with 
fine,  wavy  processes  illustrated  on  Plate  6,  figure  12,  although  the 
curved  shape  of  the  spurs  appears  to  indicate  an  organic  growth  which 
may  be  in  an  etiologic  relation  to  the  neoplasm. 

Carcinoma  of  the  upper  lobe,  and  carcinoma  originating  in  the 
bronchial  mucous  membrane — which,  as  has  been  mentioned,  are 
almost  without  exception  accompanied  by  a  variable  degree  of  swell- 
ing of  the  mediastinal  glands — must  be  differentiated,  on  the  one 
hand,  from  tuberculous  processes,  and,  on  the  other  hand,  from 
tumors  or  aneurysms  in  the  mediastinum.  Regarding  the  former 
point,  Herard  and  Cornil  say:  "Cancer  of  the  lungs,  the  general 
seat  of  which  is  the  base  or  the  middle  of  lungs,  sometimes  occupies 
the  apex,  and,  if  it  has  not  softened,  may  then  be  mistaken  for  com- 
mencing tuberculous  infiltration.  But  in  cancer  of  the  lungs  the  dul- 
ness  is  more  considerable,  the  dyspnea  and  the  subclavicular  pains  are 
more  intense;  at  the  same  time  there  are  symptoms  of  central  com- 
pression, as  is  shown  by  the  gradual  suspension  of  respiration  on  the 
affected  side;  the  expectoration  may  be  absent  or  insignificant;  if  it  is 
more  abundant,  it  does  not  present  anything  characteristic,  or  it  con- 
sists of  pure  blood  or  of  gelatinous  masses  similar  to  currant  jelly. 
Occasionally  a  supraclavicular  gland  may  be  demonstrated." 

These  diagnostic  remarks  I  can  supplement  from  my  own  ex- 
perience. The  presence  of  large  hard  glands  in  the  fossa  supra- 
clavicularis  in  diagnostic  relation  indicates  a  carcinomatous  affec- 
tion. In  tuberculosis  of  the  upper  lobes  the  glands  are  relatively 
quite  small ;  if  they  are  enlarged  at  all,  they  are  soft  and  tend  to  break 
down. 

Extensive  dilatation  of  the  veins  over  the  upper  anterior  portions 
of  the  thorax  are  also  in  favor  of  carcinoma  and  against  tuberculosis, 
but  not  against  other  tumors  of  the  mediastinum. 

With  regard  to  the  differential  diagnosis  from  aneurysm  and  tu- 
mors which  have  developed  in  the  mediastinum  exclusively,  it  is  to 
be  remembered  that  all  the  before-mentioned  symptoms,  as  far  as  they 
depend  upon  compression  of  the  structures  in  the  mediastinum  (ves- 
sels, nerves,  esophagus),  may  exist  in  these  conditions,  and  that  in 
aneurysm  vascular  murmurs  (bruit),  pulsations  in  abnormal  places, 
delay  of  one  radial  pulse,  may  also  be  present.  Absence  of  dulness 
over  the  lungs,  especially  over  the  upper  lobe,  and  the  absence  of  all 
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changes  in  the  sputa  characteristic  of  carcinoma  of  the  lungs,  are  the 
only  ;iv;iilal)l('  diagnostic  jjoints  under  tlioso  circunistancos. 

[Malignant  growths  in  the  lungs  may  be  diagnosed  by  the  sputum. 
Betschardt  found  large  round  cells  arranged  in  bands,  with  one  or 
more  nuclei,  in  a  suspected  case,  and  upon  these  findings  made  a 
correct  diagnosis. 

The  following  case  presented  difficulties  that  are  exceptional. 
The  patient,  a  male  aged  forty-nine,  after  unusually  hard  work  during 
the  winter,  to  which  he  attributed  some  fatigue,  was  seized  with  an 
acute  pleuro-pulmonary  attack.  Three  weeks  afterward  there  were 
physical  signs  of  localized  effusion  at  the  right  base,  subcutaneous 
edema  over  the  low^er  zones  of  the  right  thorax,  moderate  fever  (101° 
F.  in  the  evening),  a  leucocytosis  of  14,000,  and  exhausting  sweats. 
An  exploratory  operation  disclosed  a  hard  mass  in  the  center  of  the 
lower  lobe  with  infiltration  of  the  remainder,  which  was  taken  to  be 
a  fibroid  mass.  The  leucocytosis  and  fever  continued.  The  liver 
was  enlarged  and  the  seat  of  a  large  smooth  nonfluctuating  mass. 
This  proved  to  be  a  cancer  of  the  liver,  and  the  autopsy  later  disclosed 
the  primary  growth  in  the  right  lung.  There  had  not  been  any  hemor- 
rhage.— Ed.] 

TREATMENT. 

As  all  endeavors  looking  toward  the  cure  of  cancer  have  so  far 
proved  unsuccessful,  there  is  nothing  to  be  said  about  the  treatment 
of  pulmonary  carcinoma.  Nevertheless,  there  is  scarcely  any  other 
disease  in  which  the  physician's  efforts  are  more  indispensable.  Not 
Qnly  the  symptoms,  such  as  dyspnea,  cough,  hemoptysis,  but  also 
complications,  especially  pleurisy  and  empyema,  imperatively  de- 
mand his  speedy  intervention.  The  physician  may  here  have  an 
opportunity  to  prove  both  his  knowledge  and  his  humanity. 
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PATHOGENESIS    AND    PATHOLOGIC    ANATOMY, 

I  EELiEVE  that  I  shall  introduce  the  discussion  of  the  above 
pathologic  conditions  best  by  asking  the  following  questions : 

Can  infarct  of  the  lungs  exist  without  embolism  and  without 
thrombosis? 

Is  it  possible  for  an  infarct  of  the  lungs  to  be  the  direct  and  imme- 
diate consequence  of  embolism? 

Is  it  possible  for  an  infarct  of  the  lungs  to  be  produced  by  local 
thrombosis  in  a  previously  normal  lung? 
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Laennec  has  given  an  exemplary  description  of  what  an  infarct  of 
the  lung  really  is.  Its  seat,  its  size,  its  appearance,  have  been  cor- 
rectly described  by  him.  According  to  him,  the  condition  manifests 
itself  as  a  consolidation  which  is  always  partial  and  rarely  occupies  a 
large  portion  of  the  lungs;  it  generally  occupies  one  to  four  cubic 
inches.  It  is  always  distinctly  circumscribed ;  the  engorgement  is  just 
as  considerable  where  the  consolidation  ends  as  in  the  center.  The 
surrounding  pulmonary  tissue  is  generally  sound  and  crepitant,  and 
does  not  show  any  resemblance  to  the  consolidation  in  pneumonia, 
which  gradually  decreases  toward  the  peripher}^  The  tissue  sur- 
rounding these  hemoptoic  engorgements  is  even  frequently  very  pale, 
rarely  pink,  sometimes  also  red  and  infiltrated,  or  only  colored  by  a 
small  quantity  of  very  red  blood;  but  even  in  such  cases  there  is  a 
well-defined  rectilinear  demarcation  between  this  hemorrhagic  infiltra- 
tion and  the  dense  engorgement.  Laennec  attributed  the  process  to  a 
hemoptoic  occlusion  {engorgement  hcemoptoique) .  The  veins  of  the 
diseased  parts  he  sometimes  found  filled  with  coagulated,  half-dried 
blood,  ''a  kind  of  infarct."  He  applied  the  term  "pulmonary  apo- 
plexy" to  the  disease  as  a  whole. 

Rokitansky  has  confirmed  Laennec 's  observations.  He  empha- 
sizes especially  that  the  hemorrhagic  infarct  need  not  be  followed 
by  hemoptysis.  He  says,  further,  that  the  apoplexy  often  coincides 
with  a  state  of  active  dilatation  of  the  right  heart.  He  also  exhaus- 
tively describes  how  the  disease  may  terminate  in  recovery,  the 
infarct  shrinking  to  a  cellulo-fibrous  white  or  black  tissue. 

This  pulmonary  alteration  was  placed  in  an  entirely  new  light  by 
the  theory  of  pulmonary  embolism  which  was  originated  by  Virchow. 
In  regard  to  the  relation  between  the  condition  of  the  blood-vessel  and 
that  of  the  pulmonary  parenchyma,  he  points  out  the  necessity  of 
distinguishing  between  primary  and  secondary  clot-formation  in  the 
pulmonary  artery.  In  one  case  occlusion  of  the  vessel  precedes  the 
change  in  the  parenchyma  and  is  independent  of  it ;  while  in  the  other 
the  occlusion  is  the  cause  of  the  parenchymatous  alteration.  The 
obliteration  of  single  branches  of  the  pulmonary  artery  in  tuberculosis, 
the  occlusion  of  these  vessels  so  often  observed  in  cases  of  extensive 
pneumonia,  and  other  similar  conditions,  distinctly  point  to  a  sec- 
ondary coagulation  of  a  column  of  blood  arrested  by  some  mechanical 
obstacle.  The  primary  occurrence  of  older  clots  (fibrin  plugs), 
formed  a  long  time  before  death,  in  the  pulmonary  artery,  where  it 
can  be  demonstrated  that  the  obstruction  of  the  artery  precedes  the 
changes  in  the  parenchyma  or  takes  place  independently  of  them,  is 
always  secondary  as  regards  the  site  of  the  clot;  i.  e.,  these  plugs 
originate  in  some  part  of  the  vascular  system  situated  back  of  the 
lungs,  in  the  veins  or  in  the  right  heart,  and  are  carried  into  the  pul- 
monary arterj^  by  the  blood-current  (^^^,  page  224). 

The  extent  of  the  subsequent  local  disturbances  in  the  lungs  de- 
pends partly  upon  the  occlusion  itself,  but  chiefly  upon  the  character 
of  the  occluding  body.     An  experiment  on  a  dog  in  which  three  rubber 
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plugs  wore  used  cis  embolic  material,  the  animal  being  killed  after 
three  months,  showed  that  the  affected  part,  the  left  lower  lobe,  was 
perfectly  intact,  although  the  sujiplying  branches  of  the  pulmonary 
artery  were  made  absolutely  impassable  by  the  rubber  plugs.  The 
nutrition  of  the  lungs  had  been  sufficiently  kept  up  by  the  much 
dilated  bronchial  artery  and  by  the  intercostal  arteries  connnunicating 
with  it.  Material  injected  into  the  aorta  entered  the  pulmonary  lobe 
through  these  vessels  (^^^  page  295). 

The  thrombi  which  form  within  the  lungs  by  secondary  coagula- 
tion around  the  embolic  plugs  may  either  become  organized  into  a 
vascular,  cellular  connective  tissue,  in  which  case  the  colorless  blood- 
corpuscles  are  converted  into  connective-tissue  corpuscles,  or  break 
down  into  detritus,  either  by  simple  softening  or  by  putrid  deli- 
quescence. Simple  or  putrid  detritus  formation  was  found  in  most 
experiments  in  which  elder-marrow  and  organic  substances  w^ere 
used  as  embolic  material. 

Atrophy  of  the  pulmonary  tissue,  pneumonia,  pulmonary  gan- 
grene, and  hemorrhagic  infarct  are  discussed  as  possible  consequences 
of  embolism. 

These  investigations  found  a  valuable  confirmation  in  the  numer- 
oas  experiments  and  clinical  observations  of  Cohn  and  Panuni.  Their 
investigations  also  prove,  among  other  things,  that  the  non-appear- 
ance of  infarct  after  occlusion  of  an  arterial  branch  depends  on  the 
properties  of  the.  embolus.  An  important  observation  by  Panum 
shows  that  immediate  occlusion  of  the  pulmonary  artery  by  large  and 
small  plugs,  like  balls  of  wax,  for  instance,  wMch  do  not  materially 
irritate  the  pulmonary  tissue  either  mechanically  or  chemically,  has 
no  other  effect  than  the  encapsulation  of  the  plug  at  the  place  where 
it  becomes  arrested,  and  does  not  give  rise  to  any  other  nutritive 
disturbances  in  the  pulmonary  tissue.  On  the  other  hand,  a  perfectly 
fresh  clot  of  healthy  blood  may,  if  it  forms  an  embolus  in  the  pulmo- 
nary artery,  produce  typical  lobular  processes  or  pulmonary  infarcts 
in  the  same  individual  from  whom  the  blood-clot  is  derived.  But  it 
is  only  imder  special  circumstances  that  they  have  this  local  effect; 
the  majority  of  them  shrink  and  dissolve  without  producing  any  mate- 
rial change  in  the  neighborhood  of  the  place  where  they  are  situated. 

Cohnheim  bases  his  investigations  of  embolic  processes  in  the  lungs 
on  the  dendritic  di\'ision  of  the  pulmonary  artery  and  on  the  absence 
of  anastomoses  except  between  the  last  arterial  twigs,  that  is,  wdthin 
the  lobular  septa.  Therefore  if  an  embolus  gets  into  a  twig  of 
a  certain  caliber,  a  hemorrhagic  infarct  is  produced  behind  the 
embolus.  The  formation  of  the  latter  he  attributes,  on  the  strength 
of  his  experiments  on  a  frog's  tongue,  to  a  retrograde  movement  of  the 
blood  in  the  valveless  veins  which  belong  to  the  occluded  artery.  This 
leads  to  engorgement  of  the  vessels,  and  later  on, — after  some  hours, 
in  consequence  of  the  changes  that  have  meanwhile  occurred  in 
the  vessels  of  the  embolized  district,  especially  the  capillaries,  in 
consequence  of   the  interruption  of  the   regular    blood-supply, — to 
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the  extravasation  of  the  blood  into  the  tissue,  in  other  words,  the  in- 
farct. 

Cohnheim  contends  that  this  is  the  only  possible  explanation  of  the 
fact  that  the  infarcts  arise  some  time  later  instead  of  immediately 
after  the  embolism  of  the  artery.  This  fact  was  bound  to  appear 
enigmatic,  as  long  as  it  was  explained  by  the  collateral  arterial 
flow,  since  the  force  of  the  blood-current  must  necessarily  be  greatest 
immediately  after  the  occlusion,  and  any  danger  from  that  quarter 
must  diminish  as  the  process  continues.  His  interpretation,  he 
claims,  also  explains  the  fact  that  in  a  hemorrhagic  pulmonary 
infarct  the  arterial  embolus  does  not  by  any  means  occupy  exactly 
the  apex  of  the  reddish-black  wedge,  or  infarct,  but  is  always  found 
slightly  to  one  side  of  the  apex,  because  the  territory  occupied  by  the 
infarct  corresponds  directly  to  the  territor}^  of  the  pulmonary  vein, 
and  only  indirectly  to  the  distribution  of  the  artery;  for  the  two 
systems  do  not  run  close  together  in  the  lungs,  their  branches  being 
alwa}'S  separated  by  pulmonary  tissue. 

In  regard  to  the  formation  of  abscesses  in  consequence  of  em- 
bolism, Cohnheim  points  out  that  infarcts  are  alwaj^s  situated  at  the 
periphery  and  have  an  approximately  conical  shape,  so  that  the  base 
of  the  infarct  is  situated  at  the  periphery  of  the  lung, — i.  e.,  in  the 
plem'a, — and  the  apex  is  directed  toward  the  hilum ;  whereas  abscesses 
are  not  at  all  hmited  in  their  locahzation  to  the  periphery,  but  occur 
anywhere  in  the  lungs,  ei^en  quite  near  the  hilum,  and  very  frequently 
at  a  distance  of  one  or  two  centimeters  from  the  pleura.  Further- 
more, abscesses  are  always  practically  spherical,  so  that  even  those 
whicii  extend  to  the  periphery  do  not  have  their  largest  diameter  at 
that  point,  but  touch  the  pleura  only  with  a  comparatively  small 
segment  of  their  convex  surface.  An  infarct  is  the  result  of  the  occlu- 
sion of  an  end-artery.  An  abscess  results  when  a  vessel  other  than  an 
end-artery  becomes  occluded  by  an  infected  plug.  It  is  because  the 
vascular  arrangement  of  the  lungs  is  such  that  an  embolus  which  has 
entered  the  pulmonary  artery  is  just  as  likely  to  reach  an  end-artery 
as  one  possessing  anastomoses  further  on,  that  this  organ  is  particu- 
larly adapted  for  the  typical  development  of  either  mode  (page  413)  of 
termination  above  described. 

Cohnheim 's  explanation  of  the  processes  in  hemorrhagic  infarct 
was  destined  soon  to  be  shaken  to  its  foundation  by  further  investiga- 
tions of  the  Avascular  relations  in  the  lungs.  Kiittner  proved  that  the 
vascular  territory  of  the  pulmonary  artery  is  by  no  means  as  isolated 
as  was  contended,  and  that  the  separate  tmgs  communicate  exten- 
sively with  one  another,  although  only  by  means  of  capillaries ;  while 
ample  relations  exist  between  the  territory  of  the  pulmonary  artery 
and  that  of  bronchial  arteries,  a  fact  which  is  the  more  significant  as 
the  twigs  of  the  latter  are  mutually  connected  by  arterial  branches. 
He  did  not  succeed,  however,  in  proving  anatomically  the  existence  of 
preformed  communications  other  than  by  capillaries  between  the 
branches  of  the  pulmonary  artery.     Additional  connections  can,  how- 
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ever,  undoubtedly  be  established,  and  render  feasible  an  abundant 
flow  of  blood  from  one  vascular  district  into  the  other,  if  the  anatomic 
configuration  of  the  vascular  tract  of  the  ])ulnionary  artery,  its  rela- 
tions to  the  vascular  area  of  the  bronchial  artery,  and  the  results  of 
(experimental  investigations  are  taken  into  consideration.  The  most 
important  result  of  these  investigations  is  that  cinnabar  injected  into 
the  blood  of  animals  after  ligation  of  the  pulmonary  artery  is  found 
not  onh'  in  the  branches  of  the  bronchial  arter}'-,  but  also  in  the 
branches,  as  well  as  in  the  trunk  of  the  ligated  pulmonary  arter}^,  in  the 
capillaries  of  the  alveolar  walls,  and  in  the  pulmonar}'  veins. 

After  ligation  of  the  common  trunk  of  the  pulmonary  artery  of  the 
left  lung  the  intrapulmonary  trunk  of  this  vessel,  as  well  as  its  larger 
branches,  were  found  to  be  filled  with  a  coagulum  of  blood  and  fibrin, 
and  in  the  lungs  proper  marked  congestion  and  even  hemorrhagic 
infarcts  were  produced  in  a  short  time. 

Litten  positively  contradicts  Cohnheim's  assumption  that  the 
infarct  is  brought  about  by  a  backward  flow  of  the  blood  in  the  venous 
district  corresponding  to  the  infarcted  artery.  He  maintains  that  the 
backward  venous  flow  after  ligation  of  the  pulmonary  artery  is  not 
by  any  means  essential  to  the  production  of  an  infarct ;  for  he  found 
that  when  both  the  pulmonary  artery  and  the  veins  w^ere  tied,  pre- 
cluding the  possibility  of  a  venous  engorgement,  a  typical  infarction 
constantly  followed.  But  this  hyperemia  and  infarction  do  not 
occur  if,  in  addition  to  the  pulmonary  artery,  the  bronchial  artery 
and  those  arteries  which  are  outside  of  the  lungs,  but  communicate 
with  the  bronchial  artery  (arterise  tracheo-oesophagese,  pericardi'aco- 
phreniciG,  pleurse-mediastinales),  are  at  the  same  time  excluded  from 
the  circulation.  If  the  lungs  are  thus  deprived  of  their  entire  arterial 
supply,  and  their  sole  vital  connection  \yith.  the  remaining  organism  is 
through  the  veins,  infarction  does  not  follow,  whereas  it  does  occur 
immediately  if,  with  open  veins  and  ligated  pulmonary  artery,  the  flow 
of  blood  through  the  collateral  arteries  into  the  lungs  is  not  interfered 
with. 

Litten  concludes  from  these  facts  that  a  venous  reflux  cannot  set 
in  as  long  as  the  circulation  in  the  pulmonary  capillaries  is  maintained 
by  collateral  arterial  branches.  If  a  hyperemia  of  the  lungs,  which 
may  go  on  to  hemorrhagic  infarction,  is  a  consequence  of  the  ligation 
of  the  pulmonary  artery,  it  is  more  correctly  explained  as  follows: 
Under  ph^'siologic  conditions — i.  e.,  with  unimpeded  circulation — the 
entire  resistance  to  the  blood-current  in  the  capillaries  of  the  lungs  is 
OA'ercome  by  the  blood-pressure  in  the  pulmonary  arter}',  which,  in 
keeping  with  the  greater  width  of  the  capillary  lumina,  is  much  less 
than  the  pressure  in  the  arteries  of  the  greater  circulation.  If  the 
artery  suddenly  becomes  impassable,  the  pressure  in  the  collateral 
arterioles,  ■  which  are  derived  partly  from  the  bronchial  artery  and 
partly  from  the  above-mentioned  arteries  outside  of  the  lungs,  is 
strong  enough  to  prevent  a  reflux  of  the  venous  current,  but  not  suffi- 
cient to  overcome  the  total  resistance  in  the  lungs  and  to  force  the 
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blood  through  the  capillaries  into  the  left  auricle.  Thus  accumula- 
tion and  stagnation  of  blood  in  the  capillaries  and  smaller  veins  are 
brought  about ;  the  latter  become  abnormally  distended  and  are  thus 
in  the  same  condition  as  if  the  vein  into  which  they  empty  were  con- 
stricted. The  result  of  this  condition  is  at  first  hyperemia  and  later 
diapedesis. 

The  statements  of  Litten.  being  based  on  facts,  are  such  as  to  cast 
a  doubt  on  the  correctness  of  Cohnheim's  explanation  of  the  mechan- 
ism of  hemorrhagic  infarcts ;  they  actually  do  away  with  the  neces- 
sity for  assuming  a  backward  flow  in  the  venous  branches  accompany- 
ing the  occluded  artery.  This  assumption  appears  a  priori  somewhat 
forced.  Considering  the  extremely  small  resistance,  which  under 
normal  conditions  is  offered  to  the  return  flow  of  venous  blood  through 
the  pulmonary  vein  to  the  left  auricle,  it  is  difficult  to  understand 
how  a  backward  flow  into  the  part  affected  by  an  embolus,  resulting 
in  a  copious  extravasation,  can  be  brought  about. 

Before  the  discussion  of  the  manner  of  production  of  an  infarct 
can  be  carried  any  further,  the  question  whether  the  pulmonary 
infarct  is  without  exception  the  consequence  of  embolism  of  the 
pulmonary  artery  or  one  of  its  twdgs  must  be  decided.  The  most 
careful  author  on  this  subject,  Luzzatto,  in  his  great  work  on 
embolism  of  the  pulmonary  artery,  arrived  at  the  conclusion  that 
hemorrhagic  infarct  in  the  lungs  depends  without  exception  on 
embolism  of  the  pulmonary  artery.  He  contends  that  the  following 
facts  are  conclusive:  (1)  In  almost  all  dissections  of  hemoptoic  in- 
farcts a  coagulation  of  embolic  origin  is  found  in  the  respective  arterial 
twdg;  (2)  a  similar  kind  of  infarct  can  be  produced  experimentally; 
(3)  it  is  scarcely  comprehensible  how  else  a  lesion  could  be  produced 
which  is  exclusively  limited  to  a  vascular  area  belonging  to  a  single 
arterial  twig.  In  thrombosis,  which  develops  slowly,  compensation 
may  readily  be  brought  about  by  the  collateral  circulation;  and  it  is 
hardly  conceivable  that  the  effects  of  stasis  should  be  limited  to  a  de- 
finite portion  of  the  pulmonary  tissue  supplied  by  a  single  arterial 
twig. 

This  argument,  however,  does  not  appear  to  me  to  explain  the  fact 
that  infarcts  are  comparatively  frequent  in  valvular  disease  of  the 
heart,  as  well  as  in  affections  of  the  myocardium,  although,  in  spite  of 
careful  search,  it  is  not  rarely  impossible  to  discover  either  in  the  right 
heart  or  in  the  peripheral  veins  an}^  changes  that  might  demonstrate 
the  embolic  character  of  the  infarct.  The  majority  of  authors,  there- 
fore, believe  that  infarcts  may  occur  without  embolism,  especially  in 
the  presence  of  valvular  lesions  and  protracted  conditions  of  myocar- 
dial weakness. 

Even  at  present,  however,  two  different  \'iews  are  held  in  regard  to 
the  occurrence  of  infarcts  without  preceding  embolism.  According  to 
one  view,  the  infarct  is  produced  by  a  laceration  of  vessels,  as  Laennec 
and  Rokitansky  long  ago  contended.  Friedreich  attributes  the  pro- 
duction of  hemorrhagic  infarct  in  heart  disease  to  the  laceration  of 
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larger  vascular  l)raiiclu's,  aiul,  with  Dittrich,  considers  fatty  degenera- 
tion of  the  walls  of  the  iiulnionary  vessels,  which  frequently  occurs  in 
conseciuence  of  increased  })ressure  in  the  lesser  circulation,  a  favorable 
condition  for  this  rupture.  Rindfleisch  even  says  that  the  infarcts 
which  occur  in  consequence  of  embolism  of  larger  branches  of  the  pul- 
monary artery  differ  from  those  depending  ujjon  laceration  of  a  large 
vessel,  in  so  far  as  in  the  former  the  transition  from  the  infarcted 
parenchyma  to  the  surrounding  normal  tissue  is  very  gradual,  pre- 
senting every  phase  from  a  hemorrhagic  hyperemia  to  simple  hyper- 
emia, while  in  the  latter  the  infarcted  portion  represents  a  firm,  uni- 
formly dense,  dark  blood-red  wedge,  abruptly  separated  from  the 
healthy  tissue.  This  kind  of  hemorrhagic  wedge,  according  to  Rind- 
fleisch, is  not  brought  about  by  embolism,  but  by  rupture  of  a  large 
vessel,  and  is  mostly  found  in  individuals  suffering  from  heart  disease. 
The  increase  of  the  lateral  pressure  in  the  lesser  circulation  must  be 
regarded  as  the  predisposing  cause.  In  this  respect  the  infarct  repre- 
sents a  quantitative  excess  of  those  capillary  hemorrhages  which  occur 
in  brown  indm-ations.  The  immediate  cause  which  principally  deter- 
mines the  location  of  a  vascular  rupture,  is  probably  to  be  sought  in 
fatty  degeneration  of  the  medium-sized  and  smaller  branches  of  the 
pulmonary  artery ;  while  a  passing  congestion  in  the  lungs  represents 
the  exciting  cause  -which  brings  about  a  colhsion  between  the  dimin- 
ished resistance  of  the  vessels  and  the  increased  demand  upon  them. 
Ziegler  also  favored  the  opinion  that  when  the  heart  action  is  weak,  or 
valvular  defects  are  present  in  the  left  heart,  causing  stagnation  of 
blood  in  the  pulmonary  vessels,  the  affected  vascular  area  becomes 
filled  wdth  stagnating  blood,  so  that  extravasations  take  place  w^hich 
lead  to  the  formation  of  a  hemorrhagic  infarct — i.  e.,  to  a  firm  infiltra- 
tion of  the  pulmonary  tissue  wdth  coagulating  blood. 

According  to  my  experience,  the  assumption  is  not  tenable  that 
infarcts  are  the  result  of  extravasation  in  consequence  of  laceration  of 
vessels.  In  the  first  place,  there  is  no  positive  proof,  and  the  theory 
fails  to  explain  satisfactorily  the  sharp  limitation,  the  characteristic 
form,  and  uniform  density  of  the  infarct,  in  both  the  periphery  and 
at  the  center.  Furthermore,  the  shape  of  all  infarcts  is  the  same, 
whether  their  embolic  nature  can  be  demonstrated  or  not.  Finally,  it 
is  to  be  observed  that  in  those  conditions  which,  without  presenting 
any  evidence  of  previous  embolism,  are  follow^ed  by  infarction — that 
is  to  say,  in  heart  disease — the  occurrence  of  profuse  pulmonary  hem- 
orrhage is  extremely  rare  (I  am  almost  inclined  to  say  unknown)  in 
comparison  with"  the  frequency  of  infarcts,  notwithstanding  numerous 
clinical  and  anatomic  observations  have  been  reported — another 
argument  that  the  transition  from  hemorrhage  to  infarction  is  improb- 
able. On  the  contrary,  experience  shows  that  the  infarct  appears 
first  and  is  followed,  at  the  earliest,  after  several  hours  by  the  expec- 
toration of  blood. 

Besides  pulmonary  hemorrhage,  which  is  not  tenable  as  a  cause  of 
infarct-formation,  local  thrombosis  has  been  considered  as  an  etiologic 
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factor.  The  effect  of  thrombosis,  it  was  said,  must  be  the  same  as  that 
of  an  embolus  derived  from  a  distant  portion  of  the  circulation ;  hence 
demarcation,  form,  and  consistency  of  the  infarct  must  be  the  same ; 
but  there  was  no  proof  to  show  that  such  a  process  takes  place. 

Lately  Grawitz  very  emphatically  maintained  that  local  thrombus 
formation  in  pulmonary  vessels  is  by  far  the  most  important  factor  in 
the  production  of  pulmonary  infarct.  He  bases  his  opinion  on  the 
fact  that  hemorrhagic  infarct  is  never  met  in  a  normal  portion  of  the 
lungs,  severe  circulatory  disturbances  being  apparently  necessary  to 
prepare  the  way  for  its  formation.  These  disturbances  not  only  in- 
clude red  and  brown  induration  of  the  pulmonary  tissue,  but  also 
certain  sequels  of  bronchitis,  such  as  partial  atelectasis ;  also  vascular 
cicatrices  at  the  sharp  pulmonary  borders,  both  in  the  subpleural  and 
in  the  interlobular  connective  tissue.  He  further  explains  that  three 
different  pathologic  changes  capable  of  promoting  the  formation  of 
parietal  thrombi  are  found  in  the  arteries  of  the  lungs :  namely,  (1) 
Hemorrhage  between  adventitia  and  media,  more  rarely,  between 
media  and  intima.  He  considers  this  to  be  the  most  frequent  cause  of 
thrombosis.  The  hemorrhages  he  ascribes  to  a  vascular  peribron- 
chitis which  leads  to  venous  engorgement  and  rupture  of  the  newly 
formed  bronchial  vessels.  The  blood  forces  the  adventitia  of  the 
neighboring  vessels  apart,  advances  to  the  media,  and  may  in  this 
manner  suspend  the  circulation  in  the  arteries  entirely.  (2)  Pul- 
monary endarteritis  or  fatty  degeneration  of  the  intima  may  lead  to 
thrombosis.  (3)  Chronic  inflammations  of  the  lymph-glands  which 
are  situated  within  the  lungs,  occupy  the  bifurcation  of  the  bronchi, 
and  appear  to  cause  cell  proliferation  in  the  neighboring  arterial  walls, 
are  among  the  possible  causes. 

Grawitz  comes  to  the  conclusion  that  many  hemorrhagic  infarcts 
do  not  contain  any  clots  in  the  supplying  arteries  at  all,  and  that  a 
great  many  of  the  plugs  which  are  found  in  infarcts  are  not  emboli, 
but  thrombi  which  are  either  continuous  with  the  infarct  or  originate 
in  diseased  places  in  the  arterial  wall. 

Willgerodt,  Orth,  and  Fujinami  have  tried  to  disprove  the  asser- 
tion of  Grawitz,  who  accords  such  a  prominent  part  in  the  production 
of  infarcts  to  thrombotic  processes ;  Willgerodt  by  appealing  to  numer- 
ous anatomic  specimens,  the  other  two  by  repeating,  with  certain 
modifications,  former  experimental  attempts  to  produce  embolic  pro- 
cesses. Fujinami  also  states  that  hemorrhagic  infarct  may  be  caused 
by  an  embolus  alone  in  absolutely  healthy  lungs,  ''if  all  the  conditions 
were  complied  with, "  but  that,  at  the  same  time,  other  points  must  be 
taken  into  account.  In  the  first  place,  the  hemorrhagic  infarct  gen- 
erally occurs  in  adults  who  have  suffered  from  chronic  affections 
of  the  lungs  in  consequence  of  which  the  pulmonary  circulation  has 
naturally  become  impaired.  Second,  embolism  goes  hand  in  hand 
with  other  affections  which  have  an  injurious  influence  upon  the  cir- 
culation in  the  lungs  and  undoubtedly  may  take  part  as  auxiliary 
factors  in  the  formation  of  the  hemorrhagic  infarct. 
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It  must  be  especiall>- mentioned  that  lately  Gsell  has  achieved  much 
more  favorable  results  than  former  authors,  by  introducing  paraffin 
into  rabbits  b}'  way  of  the  jugular  vein.  He  succeeded  in  producing, 
without  exception,  in  connection  with  the  paraffin  embolism,  changes 
of  different  gratles  in  the  embolizcd  district  up  to  a  typical  hemor- 
rhagic infarct.  He  believes  that  this  difference  in  the  results  is  due  to 
the  fact  that  others  took  paraffin  of  higher  melting-point  and  worked 
during  colder  weather  than  he  did.  An  embolus  with  soft  paraffin 
such  as  he  used,  principally  during  summer,  caused  not  only  a  simple 
occlusion  of  the  arterial  branch  which  was  entered  by  the  large  plug, 
but  also  obstruction  of  its  finer  twigs.  From  this  he  deduced  that 
the  combination  of  large  and  small  emboli  in  the  same  district  is  bound 
to  ha\-e  graver  consequences  than  the  occlusion  of  a  larger  branch 
alone.  He  considers  the  soft  paraffin  to  be  especially  effective  for 
still  another  reason.  The  plastic  properties  of  the  plugs  allow  them  to 
stretch  and  thus  occlude  a  long  section  of  an  artery  with  lateral  twigs, 
and  this  is  a  potent  factor  in  pre^^'enting  the  establishment  of  an  ade- 
quate collateral  circulation. 

For  my  part,  my  own  clinical  and  anatomic  observations  lead  me 
to  believe  that  the  great  majority  of  pulmonary  infarcts  are  due  to  the 
obstruction  of  smaller  arteries  by  emboli,  which  are  unquestionably 
more  effective — as  will  be  shown  later  on — than  elder-tree  marrow  and 
paraffin,  the  materials  used  generally  for  experimental  obstruction  of 
pulmonar}^  vessels ;  but  I  am  now  in  the  possession  of  positive  findings 
which  prove  that  a  limited  number  of  pulmonary  infarcts,  especially 
of  those  which  occur  in  heart  disease,  must  be  ascribed  to  a  local 
thrombosis. 

In  September,  1897,  Mrs.  E.,  thirty-one  years  of  age,  was  admitted  to 
the  hospital  on  account  of  a  grave  disease  of  the  heart  which  set  in  after 
rheumatism  and  had  existed  for  four  years.  She  died  on  October  18th 
of  the  same  year.  Twenty  days  before  death  she  had  a  slight  stitch  in  her 
left  side  which  soon  passed  off,  and  eight  days  before  death  she  had  an- 
other severe  attack  of  pain  in  the  same  side  which  lasted  scA'eral  days. 
These  pains  were  complicated  by  the  appearance  of  blood  streaks  in  the 
sputum,  and  five  days  before  death  the  sputa  contained  more  abundant 
bright  red  blood.  The  autopsy  showed  a  stenosis  of  the  aortic  valves  and 
an  insufficiency  of  the  mitral  valve ;  in  the  left  lower  lobe  an  infarct  the 
size  of  a  walnut  was  found. 

The  microscopic  examination  of  this  infarct  showed  certain  changes 
which  were  quite  noteworthy  and  help  to  explain  its  origin.  Instead 
of  blood  being  foimd  in  the  alveoli,  as  was  to  be  expected,  a  considera- 
ble number  of  them  contained  swollen  alveolar  epithelium.  Other 
alveoli  contained  swollen  epithelial  cells,  elements  of  more  than  normal 
thickness  without  nuclei,  and,  in  addition,  some  intact  red  blood-cor- 
puscles. Between  all  these  formed  elements  a  crumbling  mass  was 
observed  which,  judging  from  its  color,  might  have  been  produced 
by  the  disintegration  of  red  blood-corpuscles. 
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It  is  remarkable  that  such  a  composition  of  the  infarct  has  so  far 
been  described  by  only  one  author,  Heschl.  He  remarks  that,  in  addi- 
tion to  hemorrhagic  infarcts,  areas  of  lobular  inflammation  are  also 
found,  from  one  to  four  in  number,  and  not  less  than  pea-  nor  more 
than  walnut-sized,  in  which  the  epithelial  cells  are  enlarged,  mostly 
transformed  into  granule  cells,  and  parth^  of  a  3^ellowish-brown  color. 
Pus-corpuscles  may  possibly  be  found  as  well.  He  saw  practically 
the  same  picture  in  many  infarcts,  except  that  the  vessels  were  also 
distended  with  blood.  He  concluded  from  this  that  the  infarct  repre- 
sents the  second,  more  advanced  stage  of  the  lobular  infiltration. 

In  my  case,  however,  not  onh^  the  alveolar  contents,  but  also  the 
blood-vessels  leading  into  the  infarct,  showed  important  peculiarities. 
This  vessel  was  3.2  mm.  wide,  and  even  macroscopically  it  could  be 
seen  that  it  was  filled  with  a  clot.  The  microscopic  examination  of 
cross-sections  of  the  vessel  showed  that  about  two-thirds  of  the  per- 
iphery of  the  clot  was  adherent  to  the  ^'essel-wall,  while  the  remaining 
third  was  free,  leaving  an  empty,  crescent-shaped  space  which  meas- 
lu-ed  0.6  mm.  at  its  widest  place.  At  the  place  where  the  clot  was 
adherent  to  the  vessel-wall  a  single  layer  of  remarkably  large  round 
cells  with  large  nuclei  was  interposed.  Similar  cells  were  found  scat- 
tered in  the  upper  layer  of  the  intima.  Within  the  single  layer  of 
round  cells  some  intact  reel  blood-corpuscles  were  also  found.  All  the 
remaining  solid  contents  consisted  of  nothing  but  red  bloocl-corpus- 
cles,  part  of  which  were  intact,  while  others  w^ere  pale,  but  most  of 
them  had  coalesced  so  that  their  boundaries  were  incUstinguishable. 
They  were  so  close  together  that  only  here  and  there  fine  threads  of 
fibrin  were  visible.  But  that  part  of  the  entire  local  process  which  I 
consider  most  important  I  found  in  the  vessel-wall  itself.  As  will  be 
seen  in  figure  13  on  Plate  7,  the  adventitia  is  enormously  increased  in 
width,  making  up  1.4  of  the  2.6  mm.  which  represent  the  entire  width 
of  the  A'essel-wall.  At  the  same  time,  the  adventitia  consists  almost 
entirely  of  heterogeneous  fragments  without  form  or  structure,  and 
mostly  oblong  in  shape.  But  this  change  was  found  not  only  in  the 
part  shown  in  the  illustration,  which  corresponds  to  the  seat  of  the  oc- 
cluding mass,  but  also  in  finer  arterial  twigs,  the  lumen  of  which  was 
empty.  Everywhere  this  structureless  transformation  occupied  at 
least  half  of  the  entire  tliickness  of  the  vessel. 

Here  we  are  dealing  with  a  change  of  the  adventitia  which  agrees 
with  the  "hyaline  degeneration,"  so  called  b}^  Pvecklinghausen,  and 
with  the  process  which  Xeumann  calls  ''fibrinoid  degeneration." 
Regarding  the  manner  in  which  this  change  is  produced  opinions  still 
differ.  For  my  part,  the  observations  in  this  case,  and  the  transforma- 
tion of  the  connective  tissue  into  oblong,  hyalin-like,  structureless, 
broad  bands,  described  under  Chronic  Pneumonia  (page  694),  lead 
me  to  indorse  Xeumann  s  view,  that  ''the  complete  absorption  of 
the  fibrillary  structure  and  the  formation  of  an  absolutely  homo- 
geneous, structureless,  hyaline  mass  speak  much  more  in  favor  of  a 
change  occurring  in  the  tissue  fibers  proper  than  for  a  simple  satura- 
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tion  of  the  tissue  with  a  coagulating  exudate,"  or,  as  I  should  like  to 
call  it  briefly,  a  swelling  of  the  tissue  elements  which  in  this  case  partake 
of  the  character  of  connective  tissue.  But  this  swelhng  may  also 
affect  other  elements,  for  instance,  the  membrana^  proprite  of  the 
kidneys. 

In  the  variety  of  infarct  here  under  discussion  there  can  scarcely 
be  any  doubt  that  the  fibrinoid  degeneration  of  the  adventitia  takes 
place  before  the  changes  in  the  interior  of  the  vessel,  and  that  conse- 
quently, in  the  absence  of  any  evidence  of  the  embolic  nature  of  the 
process,  and  in  view  of  the  shape  of  the  clot,  which  does  not  quite  fill 
the  lumen  of  the  vessel,  we  are  cleaUng  with  a  local  thrombosis  which 
is  quite  properly  referred  to  the  disease  of  the  adventitia. 

This  connection  is  made  still  more  probable  by  the  fact  that  such 
a  change  in  the  adventitia  is  apparently  inexplicable  on  the  theory  of 
a  primary  process  within  or  on  the  inner  surface  of  the  vessel-wall; 
furthermore,  it  can  be  proved  by  the  chnical  observation  of  this  case 
that  infarction  takes  place  during  the  last  days  of  life,  whereas  a  pro- 
f oimd  fibrinoid  degeneration  would  require  a  longer  time  for  its  devel- 
opment. Finalh',  the  priority  of  the  fibrinoid  degeneration  can  be 
proved  by  the  fact  that  the  smaller  vessels  within  the  infarct  had 
undergone  the  same  alteration  of  the  adventitia,  although  their  lumen 
was  absolutely  empty. 

For  these  reasons  the  fibrinoid  degeneration  of  the  adventitia  of 
smaller  pulmonary  arteries  may  be  considered  to  be  an  important 
etiologic  factor  in  the  production  of  thrombosis,  which,  in  its  turn,  is 
followed  by  the  formation  of  an  infarct. 

Since  this  first  obserV' ation  I  have  seen  only  one  case  of  infarction  in 
the  train  of  an  aneurs^sm  of  the  aorta  in  w^hich  every-  trace  of  an  emboUc 
origin  was  absent.  This  case  was  that  of  a  man,  forty-seven  j^ears  of  age, 
who  had  been  infected  with  syphihs  twenty-five  years  pre^^ously.  He 
had  always  been  healthy  since  then,  and  only  six  months  before  his  admit- 
tance to  the  hospital,  on  July  2,  1898,  was  attacked  by  cough  and  dyspnea. 
The  examination  showed  an  increase  of  the  cardiac  clulness,  a  loud  dias- 
tolic murmur  over  the  heart,  and  shght  retraction  of  the  apex.  Over  the 
right  lower  lobe  dulness,  enfeebled  respiration,  and  rales;  on  the  left  side 
anteriorly,  above  the  heart,  an  empty  high-pitched  note  and  roughened 
breathing  were  present.  Six  days  later  the  sputa  consisted  of  pure  blood, 
and  the  diagnosis  of  "infarct  of  the  lungs"  was  made  in  consequence. 
Six  weeks  after  admittance  death  followed.  The  autops}'  showed:  Con- 
siderable dilatation  of  the  chambers  of  the  heart,  no  affection  of  the  valves, 
and  aneurs'smal  dilatation  of  the  ascending  aorta  in  consequence  of  high- 
grade  atheroma.  "ViTiile  the  circumference  of  the  aorta  just  above  the 
valves  amounted  to  7.-3  cm.,  the  measurement  of  the  ascending  aorta  at 
its  widest  place  was  10.5  cm.  In  the  anterior  middle  portion  of  the  left 
upper  lobe  a  consolidated  area  as  large  as  a  hen's  egg  was  found,  which,  on 
the  cut  surface,  had  a  rosy  appearance,  and  in  a  few  places  presented  a 
yello^nsh  discoloration  (brown  induration).  The  right  pleural  cavity 
contained  900  c.c.  of  reddish  bloody  fluid.  At  the  anterior  edge  of  the 
upper  lobe,  immediately  below  the  surface,  was  a  hazelnut-sized  focus 
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which  consisted  of  a  hard,  sohd  piece  of  flesh-colored  substance  which  was 
completely  separated  from  the  surrounding  pulmonary  tissue.  It  there- 
fore occupied  a  cavity  the  walls  of  which  were  smooth  and  covered  with  a 
layer  of  pus.  In  addition,  the  posterior  lower  edge  of  the  right  lower  lobe 
contained  another  wedge-shaped  focus,  half  as  large  as  a  plum,  which  had 
a  mottled,  blackish  and  grayish-red  appearance. 

I  was  able  to  demonstrate  the  same  fibrinoid  degeneration  of  the 
adventitia  as  in  the  previously  mentioned  case,  both  in  the  older  in- 
farct, which  was  completely  separate  from  the  surrounding  tissue,  and 
in  the  recent  one.  The  alveoli  were  almost  filled  with  red,  more  or 
less  plainly  recognizable  blood-corpuscles,  among  which  only  a  few 
isolated  cells  of  alveolar  epithelium  were  visible. 

However,  it  must  be  left  to  future  exhaustive  investigations  to 
decide  whether  protracted  affections  of  the  heart  or  stasis  in  the  lesser 
circulation,  which  may  be  due  to  other  causes,  such  as  aneurysm,  for 
instance,  in  their  future  course  regularly  lead  to  fibrinoid  degenera- 
tion of  the  adventitia,  which  itself  may  be  considered  the  cause  of 
local  thrombosis  and  indirectly  of  infarction;  and  whether  this  de- 
generation occurs  some  time  before  the  formation  of  the  thrombus, 
i.  e.,  independently,  in  lungs  which  have  become  permanently  injured 
by  the  stagnation  of  blood  due  to  such  disturbances. 

Supported  by  the  cited  cases  and  the  results  of  my  own  investi- 
gations, I  may  now  answer  the  questions  which  were  asked  at  the 
beginning  of  this  section  as  follows : 

There  is  no  infarct  of  the  lungs  without  embolism  or  without  throm- 
bosis. It  is  to  be  considered  unproved  that  in  a  normal  pulmonary 
tissue,  or  even  in  one  which  is  pathologically  changed  by  blood  stag- 
nation, simple  rupture  of  a  vessel  may  lead  to  the  formation  of  an 
infarct.  At  least  the  existence  of  atheroma,  which  is  said  to  precede 
such  a  laceration,  in  blood-vessels  of  small  caliber,  such  as  are  affected 
in  infarcts,  would  have  to  be  much  more  positively  demonstrated  than 
has  hitherto  been  the  case.  Furthermore,  the  hemorrhage  which 
would  take  place  into  the  surrounding  tissue  at  the  seat  of  rupture 
would  not  have  the  characteristic  wedge-shape  of  an  infarct  and  would 
involve  a  participation  of  the  pulmonary  tissue  surrounding  the  in- 
farct.    But  such  participation  is  wanting. 

In  accordance  with  the  majority  of  the  authors  named,  I  consider 
most  pulmonary  infarcts  to  be  the  result  of  embolism.  Clinical  ob- 
servation even  warrants  the  assertion  that  they  are  an  immediate, 
direct  consequence  of  embolism,  and  that  the  pulmonary  tissue  may 
have  been  perfectly  intact  up  to  the  moment  of  occlusion  of  the  respec- 
tive vessel  by  the  embolus.  When  a  robust  butcher,  thirty-seven 
years  of  age,  whom  I  have  known  for  years  as  absolutely  healthy, 
contracts  a  thrombosis  of  the  veins  of  the  leg,  proved  by  edema  of 
the  foot,  after  an  inflammation  of  the  knee-joint  following  a  severe 
contusion  of  a  mus  articularis  that  had  been  caught  between  the  articu- 
lar surfaces  of  the  knee-joint,  and  eleven  days  after  the  contusion  an 
infarct  characterized  by  hemoptysis,  intense  pain,  and  dulness  over  a 
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circumscribed  area  of  the  luiif^s  dex'elops,  then  there  can  be  no  doubt 
that  an  enibokis  from  the  thrombosed  vein  in  the  leg  has  entered  a 
puhnonary  artery,  and  that  the  affected  pulmonary  tissue  was  pre- 
viously intact.     I  have  minutely  described  this  case  elsewhere. 

In  the  case  of  a  previously  healthy  man,  thirt3'-four  years  of  age, 
who  was  attacked  by  parat}'phlitis,  later  developed  thrombosis  of  the 
right  femoral  vein,  and  finally  had  a  pulmonary  infarct  with  hemopty- 
sis, I  have  no  doubt  whatever  of  the  previous  soundness  of  the  lungs, 
particularly  as  I  had  the  opportunity  of  observing  this  man  for  four- 
teen years  after  he  recovered  from  the  paratj^phlitis  and  its  conse- 
quences, both  in  social  and  in  professional  intercourse,  and  could  never 
demonstrate  a  symptom  of  disease  in  him.  Whether,  however,  the 
fatal  attack  of.  gangrene  of  the  lungs  which  occurred  after  the  lapse  of 
so  many  3'ears  had  an}'  embolic  connection  with  the  previous  para- 
typhlitis could  not  be  decided,  because  autopsy  was  not  permitted. 

Wlien  a  woman  fifty-six  years  of  age  is  attacked  by  a  pulmonary  in- 
farct with  hemoptysis,  after  having  been  admitted  to  the  hospital  for  a 
large  carcinoma  of  the  gall-bladder ;  when  at  the  autopsy  in  otherwise 
normal  lungs  the  presence  of  the  same  is  demonstrated  and  a  particle 
of  carcinomatous  tissue  of  the  proper  size — recognized  as  such  with 
the  aid  of  the  following  microscopic  examination — forms  the  embolus 
in  the  respective  artery,  there  is  no  more  doubt  possible  of  a  direct  and 
immediate  connection  between  embolus  and  infarct. 

The  experiments  with  animals,  it  is  true,  appear  to  contradict  such 
a  supposition.  The  introduction  of  bland  emboli — for  instance,  balls 
of  elder-tree  marrow,  and  paraffin — was  not  followed  by  infarction. 
But,  apart  from  the  fact  that  Gsell  obtained  better  results  than  his 
predecessors,  it  has  to  be  taken  into  consideration  that  a  venous  throm- 
bus which  gets  into  the  lungs,  even  if  it  does  not  carry  any  infectious 
bacterial  matter,  contains  other  substances  which  have  a  greater  influ- 
ence upon  the  formation  of  infarcts  than  experimentally  introduced 
balls  of  elder-tree  marrow  and  of  paraffin.  The  possibility  that  the 
thrombus  originating  in  peripheral  veins  contains  substances  which 
exert  an  unfavorable  influence  upon  the  peripheral  parts  of  the  em- 
bolized  pulmonar}^  vessel  cannot  be  excluded.  Klebs,  by  increasing 
the  coagulabilit}^  of  the  blood  (injection  of  fibrin  ferment)  in  connec- 
tion with  experimentally  produced  embolic  occlusion  of  the  vessels, 
succeeded  in  producing  infarction  which  he  attributed  to  the  pro- 
gressing thrombosis  in  the  periphery  of  the  embolus. 

The  third  question.  Is  it  possible  that  in  the  normal  parenchyma 
of  the  lungs  an  infarct  occurs  in  consequence  of  local  thrombosis  ?  1 
have  to  answer  in  the  affirmative  after  the  above  communications. 
But  I  cannot  confirm  the  greater  frequency  of  the  thrombotic,  as  com- 
pared with,  the  embolic  infarct  which  is  upheld  b}^  Grawitz.  Accord- 
ing to  my  experience,  I  can  rather  express  the  opposite  opinion.  I 
must  also  leave  it  undecided  how  much  pathogenetic  importance  for 
local  thrombosis  is  to  be  ascribed  to  the  behavior  of  the  pulmonary 
tissue,  as  described  by  Grawitz.  I  have  not  made  an}-  investigations 
47 
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on  this  point.     Willgerodt  and  Fujinami  have  contradicted  his  ex- 
planations in  some  material  points. 

On  the  other  hand,  I  can  pronounce  the  fibrinoid  degeneration  of 
the  adventitia  of  medium-sized  arteries  to  be  a  cause  of  local  throm- 
bosis. But  the  consequences  of  this  local  thrombosis  for  the  corre- 
sponding vascular  district  will  coincide  with  the  typical  consequences 
of  an  embolism  onl}^  when  the  thrombosis  rapidly  leads  to  complete 
occlusion  of  the  vessel.  Wherever  this  is  not  the  case,  an  extravasa- 
tion may  not  be  the  direct  consequence.  The  tissue  may  instead 
experience  mere  inflammatory  changes ;  at  first  a  swelling  and  cloud- 
ing of  the  alveolar  epithelium  sets  in,  as  in  the  case  described  on  page 
733.  Of  course,  a  similar  process  may  be  consecutive  to  an  embolus 
that  only  partially  occludes  the  vessel,  which  then  gradually  be- 
comes occluded  by  the  deposition  of  coagulating  blood. 

The  explanation  of  -the  mode  of  production  of  infarct,  which 
was  interrupted  on  page  730,  may  now  be  resumed.  The  former 
assumption  that  infarct  is  a  consequence  of  arterial  hyperemia  and 
hemorrhage  was  only  a  makeshift.  The  sharp  demarcation  of  the 
infarct  from  the  almost  normal  surrounding  tissue,  the  absence  of 
such  inflammatory  changes  in  the  later  course  of  the  process,  the  per- 
fectly uniform  infiltration  of  the  tissue  with  blood  mthin  the  affected 
vascular  district,  preclude  a  comparison  of  the  process  mth  one  which 
takes  place  around  a  piece  of  tissue  deprived  of  its  blood-supply  from 
the  beginning;  i.  e.,  necrotic  tissue. 

For  a  time,  Cohnheim's  theory  that  the  origin  of  the  infarct,  espe- 
cially the  extravasation  of  blood  into  the  territory  corresponding  to 
the  occluded  artery,  is  due  to  the  backward  flow  in  the  veins,  found 
many  followers.  But  the  experimental  foundation  for  this  explana- 
tion was  shaken  so  completely  b}^  investigations  of  Litten  and  Kiitt- 
ner  that  the  structure  erected  on  the  same  could  not  hold. 

On  the  strength  of  the  investigations  reported  by  Litten,  Kiittner, 
and  Klebs,  I  feel  inclined  to  attribute  the  origin  of  the  infarct  within 
the  embolized  or  thrombosed  vascular  district  to  a  hemorrhage  from 
the  local  capillaries  into  the  tissue,  especially  the  alveoli.  In  the  first 
place,  the  remarkable  uniformity  of  the  anatonfic  appearance  of  the 
entire  infarct  on  section,  even  the  granular  surface  which  is  described 
by  some  authors,  indicates  the  capillary  origin  of  the  blood.  But  a 
far  more  important  point  of  support  is  offered  by  the  fact,  confirmed  by 
all  investigators,  that  extensive  communications  exist  among  the 
capillary  vessels  of  the  pulmonary  arteries,  and  that  the  capillaries  of 
the  bronchial  arteries  are  in  manifold  communication  with  those  of  the 
pulmonary  arteries.  I  could  plainly  convince  myself  of  the  connec- 
tion between  the  capillaries  of  the  bronchial  arteries  and  those  of  the 
pulmonary  arteries  at  the  junctions  of  the  finest  bronchioles  with  the 
alveoli  while  inspecting  preparations  of  influenza-pneumonias  which, 
stained  with  the  Biondi-Heidenhain  mixture,  give  pictures  as  good  as 
are  obtained  by  artificial  injection. 

On  this  positive  basis  we  may  assume  that  the  capillaries  in  the 
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district  supplied  by  the  embolized  or  thrombosed  artery  suffer  some 
injury  which  is  caused  partly  by  the  anemia  and  partly  by  chemical 
processes  induced  b}'  the  occluding  coagulum.  In  consequence  of 
this  injury  the  capillaries  in  the  affected  district  are  not  able  to  trans- 
mit the  blood  which  flows  into  them  from  the  communicating  healthy 
capillaries;  they  tear,  and  thereby  the  uniform  infarction,  or  the 
extravasation  of  blood  into  the  alveoli,  and  furthermore  the  expec- 
toration of  blood,  are  accomplished.  Not  without  importance  for  this 
process  is  the  fact  also  that  by  the  absence  of  the  arterial  filling  of  the 
entire  embolized  district  a  decrease  in  the  tension  of  the  entire  tissue 
is  produced  from  the  very  beginning  which  assists  the  lacerating  ten- 
dency of  the  tissue. 

With  regard  to  the  seat  of  the  infarct,  the  frequency  of  its  occur- 
rence at  the  periphery  of  the  lungs,  especially  in  the  lower  posterior 
edge,  must  be  emphasized.  The  base  of  the  infarct,  which  is  usually 
wedge-shaped,  is  then  found  immediately  under  the  pleura.  One 
part  of  its  base  faces  the  costal,  the  other  the  diaphragmatic  surface. 
But  it  may  happen  that  the  infarct  is  spheroidal,  and  part  of  its  convex 
surface  bulges  toward  the  costal,  the  other  part  toward  the  diaphrag- 
matic surface  of  the  pleura,  so  that  just  the  edge  of  the  lower  lobe 
remains  intact.  Infarcts  situated  in  the  interior  of  the  lungs  are  also 
spheroidal  in  shape.  Their  occurrence  in  man  has  been  proved  be- 
yond doubt.  Here  Cohnheim's  dictum,  based  on  experiment,  that 
''the  seat  of  the  infarcts  is  alwa3^s  peripheral, "  does  not  apply. 

Emboli  usually  get  into  the  lower  lobes,  and  unless  special  causes 
change  their  direction  are  more  frequent  in  the  right  than  in  the  left 
lung,  as  the  blood-current  is  stronger  on  that  side.  This  is  con- 
firmed by  all  statistics  (Gerhardt).  The  following  are  considered  to 
be  the  conditions  for  embolism  and  infarction  on  the  left  side:  (1) 
Weakening  of  the  current  in  the  right  pulmonary  artery  by  previous 
multiple  or  large  emboli  on  the  right  side,  or  by  right-sided  thrombosis 
of  the  pulmonary  vein  (Penzoldt) ;  (2)  weakening  of  the  current  by 
shrinking  of  the  right  lung,  compression  by  pleural  exudates,  and  simi- 
lar causes  (Gerhardt) ;  (3)  increased  flow  of  blood  into  the  left  pul- 
monary artery  in  consequence  of  stronger  respiratory  movements  of 
the  left  side  when  the  indi^ddual  lies  on  the  right  side  (Penzoldt). 

The  pathologic  termination  of  infarct,  if  the  process  lasts  long 
enough,  manifests  itself  in  atrophy  of  the  affected  part  and  trans- 
formation into  a  fibrous  mass.  The  processes  which  lead  to  this  condi- 
tion consist  at  first  in  disintegration  of  the  red  blood-corpuscles  which 
are  deposited  in  the  alveoli  in  a  granular  and  crumbling  mass.  But 
some  red  blood-corpuscles  continue  in  the  alveoli  for  some  time, 
although  they  are  discernible  as  such  only  b}"  their  form  and  size, 
the  pigment  having  disappeared.  The  capillaries  of  the  alveolar  walls 
very  soori  disappear  from  \dew,  probably  because  they  become  empty 
and  collapse.  The  alveolar  walls  proper  appear  widened;  their  struc- 
ture cannot  be  distinguished  through  the  deposited  granular  masses. 
Sometimes  varying  quantities  of  alveolar  epithelial  cells  are  found  in 
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the  alveoli,  but  their  nuclei  have  entirely  disappeared.     Sometimes 
fibrin  threads  are  seen,  but  rarely  in  any  considerable  quantity. 

Another  termination  of  the  infarct  is  by  complete  separation  from 
the  surrounding  healthy  pulmonary  tissue,  as  has  been  described  in  the 
case  reported  on  page  735.  The  differences  between  this  process  and 
embolic  abscess  consist  in  the  uniformly  firm  consistency  and  blood- 
red  color  of  the  infarct  which  is  cast  off  as  a  whole.  We  shall  more 
explicitly  dwell  upon  these  processes  in  the  sections  dealing  with 
abscess  and  gangrene  of  the  lungs. 


ETIOLOGY* 

After  proving  in  the  preceding  investigation  of  the  pathogenesis  of 
the  disease  that  infarct  of  the  lungs  is  only  the  consequence  of  occlu- 
sion of  the  vessel  which  supplies  the  infarcted  part,  and  that  the  occlu- 
sion may  be  caused  either  by  an  embolus  or  by  a  local  thrombosis,  it 
will  suffice  in  treating  of  the  etiology  to  discuss  the  origin  of  the  em- 
holus  and  the  cause  of  the  local  thrombosis.  Consequently  two  etio- 
logic  groups  are  to  be  distinguished  from  the  beginning. 

To  the  first  group  belong  all  sohd  bodies  which  are  formed  by 
pathologic  processes  in  any  portion  of  the  venous  system  of  the  body, 
in  the  right  auricle,  in  the  right  ventricle,  in  the  trunk  and  in  the  main 
branches  of  the  pulmonary  artery ;  or  penetrate  into  the  lumen  of  these 
channels  and  spaces  which  otherwise  only  carry  liquid  blood.  The 
former  embrace  coagula  originating  from  pathologic  changes  in  the 
intima  of  the  veins  of  the  greater  circulation,  in  the  endocardium  of 
the  right  heart,  or  in  the  intima  of  the  pulmonary  artery ;  the  latter 
include  neoplasms  that  have  pushed  through  the  vessel-wall  into  the 
lumen,  or  into  the. cavity  of  the  right  heart,  and  tumor  particles  that 
have  been  carried  into  the  lungs  by  the  venous  blood-current.  Par- 
ticles of  carcinoma  and  sarcoma  are  the  commonest  of  these  pathologic 
products. 

If  I  may  name  the  processes  which  lead  to  pulmonary  embolism 
according  to  the  frequency  of  their  occurrence,  the  formation  of 
thrombi  within  the  venous  system  must  be  named  in  the  first  place, 
and  at  the  head  of  the  list  is  thrombosis  of  the  veins  of  the  leg.  It 
occurs  most  frequently  in  the  course  of  protracted  febrile  diseases 
that  are  accompanied  by  considerable  anemia.  According  to  my 
experience,  it  is  not  much  less  rare  as  a  consequence  of  trauma,  i.  e., 
the  laceration  of  some  of  the  fibers  of  the  muscles  of  the  calf.  Un- 
doubtedly in  consequence  of  this  laceration  an  inflammation  of 
smaller  veins  sets  in,  and  thus  brings  about  very  favorable  conditions 
for  the  deposition  of  blood  on  the  intima.  In  the  thrombosis  which 
follows  a  fracture,  the  accompanying  laceration  of  muscles  is 
probably  chiefly  responsible  for  the  origin  of  the  thrombosis.  The 
above-mentioned  case,  in  which  inflammation  of  the  knee-joint  fol- 
lowed a  contusion  of  a  mus  articularis  in  a  robust  butcher,  also  belongs 
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to  the  realm  of  trauniatic  phlebitis  with  thrombosis.  Thrombosis 
may  also  occur  in  chlorolic  individuals.  In  a  recent  work  on  throm- 
bosis in  chlorotics  Schweitzer  has  demonstated  that  in  51  cases  of 
thrombosis  the  thrombus  was  situated  33  times  in  the  veins  of  the  leg. 

Next  in  the  order  of  frequency  are  those  emboli  which  originate 
in  thrombosis  of  a  vein  after  gynecologic  operation,  or  in  thrombosis 
of  a  vein  in  the  neighborhood  of  the  puerperal  uterus.  The  latter 
cause  would  be  observed  much  more  frequentl}^  were  it  not  for  the 
fact  that  many  of  the  emboli  originating  in  this  way  carry  infectious 
material  and  produce,  instead  of  simple  pulmonary  infarcts,  pyemic 
or  gangrenous  foci. 

Thrombosis  with  consecutive  pulmonary  embolism  as  a  conse- 
quence of  surgical  operations  may  now  be  regarded  as  a  rare  accident ; 
a  few  isolated  cases  of  thrombosis  mth  consecutive  emboUsm  after 
paratyphlitis  have  been  reported. 

If  an  embolus  of  thrombotic  origin  gets  into  the  lungs  from  other 
venous  regions,  principally  from  the  sinuses  of  the  brain,  it  mostly 
contains  infectious  material;  hence  in  this  case  also  simple  infarcts 
rarely  occur,  oftener  purulent  or  gangrenous  processes  in  the  lungs. 

Among  other  sources  of  emboli  are  to  be  considered  the  inner  sur- 
face of  the  right  heart,  and  that  of  the  pulmonary  artery  with  its  main 
branches.  From  the  latter  also  the  thrombus  has  to  be  carried  for 
some  distance  before  it  is  able  to  lead  to  an  occlusion  of  vessels. 

Embolism  due  to  small  particles  derived  from  tumors  that  have 
grown  into  the  vascular  channel  represents  an  absolutely  analogous 
process  so  far  as  the  formation  of  the  pulmonary  infarct  is  concerned. 
Only  the  tumor  elements  of  the  embolus  increase  at  the  point  where 
it  becomes  arrested,  and  they  grow  through  the  vessel-wall,  while  the 
changes  in  the  infarct  take  their  own  course  as  described  above. " 

In  regard  to  the  second  group,  it  appears  that  the  occurrence  of 
thrombotic  processes  in  the  pulmonary  arteries  presupposes  some  weak- 
ness on  the  part  of  the  heart,  such  as  vah»ailar  endocarditis,  myocar- 
ditis, pericarditis,  and  atheroma  of  the  aorta.  At  least  I  have  ob- 
served the  fibrinoid  degeneration  of  the  adventitia  of  the  smaller 
pulmonary  vessels,  which  I  maintain  is  the  direct  cause  of  throm- 
bosis, only  after  such  affections. 

It  remains  to  be  said  in  regard  to  the  etiology  that,  while  every 
infarct  is  the  consequence  of  embolism  or  local  thrombosis,  every 
embohsm  and  every  thrombosis  need  not  necessarily  have  an  infarct 
in  its  train.  This  has  special  reference  to  very  large  emboli.  They 
may  occlude  the  main  trunk  or  one  of  its  lateral  tT\igs,  and  cause  death 
so  rapidly  that  there  is  no  opportunity  for  an  infarct  to  form.  Such 
observations  have  been  made  most  frequently  in  gynecologic  and  ob- 
stetric practice.  Wyder,  Mahler,  and  others  hare  reported  a  great 
number  of  such  cases.  Vice  versa,  embolisms  may  occur  in  which  no 
infarct  is  formed  on  account  of  the  smallness  of  the  emboli.  At  least 
such  a  supposition  is  founded  on  clinical  observations,  as  will  be  ex- 
plained later  on.     But  I  would  not  venture  to  decide  whether  emboli 
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of  medium  size,  which  only  obstruct  smaller  pulmonary  arteries,  with- 
out exception  produce  an  infarct  in  human  beings,  or  whether  some 
other  conditions  may  not  prevent  the  formation  of  an  infarct  in  some 
cases.  I  only  wish  to  express  the  supposition  that  in  human  beings 
every  embolus  of  medium  size  possesses  the  chemical  properties  neces- 
sary to  produce  an  infarct. 

In  local  thrombosis  of  a  small  pulmonary  artery  the  occurrence  of 
an  infarct  depends  principally  upon  the  rapidity  and  the  completeness 
of  the  obstruction  of  the  A^essel  by  the  thrombus.  The  fact  above 
referred  to,  that  from  the  beginning,  pneumonic  changes,  instead  of 
an  extravasation  of  blood,  take  place  in  the  portion  of  lung  supplied 
by  the  occluded  artery,  may  have  some  connection  with  the  gradual 
occlusion  of  the  vessel. 


SYMPTOMS  AND  DIAGNOSIS. 

For  the  detailed  description  of  the  symptoms  I  shall  adhere  to  the 
above  classification  of  the  emboli  into  very  large,  medium-sized,  and 
very  small  ones.  The  symptoms  which  are  caused  by  local  thrombosis 
essentially  correspond  to  those  which  are  brought  about  by  emboli  of 
medium  size.  Large  emboli  which  remain  fast  in  one  of  the  two  main 
branches  of  the  pulmonary  artery,  or  in  a  large  accessory  branch,  very 
rapidly  cause  grave  clinical  manifestations  mthout  leading  to  the  for- 
mation of  an  infarct.  The  following  description  of  the  secondary 
manifestations  of  large  emboli  is  given  by  Marfan ;  according  to  my  ex- 
perience, I  can  fully  indorse  the  same : 

Death  may  ensue  so  suddenly  in  the  gravest  cases  of  obstruction  of 
the  pulmonary  artery  by  a  very  large  embolus  that  the  patient  is  not 
able  to  make  any  statement ;  but  in  most  instances  the  affection  com- 
mences mth  severe  oppression  and  precordial  distress,  the  patient  is 
barely  able  to  utter  the  words,  "I  choke,  I  die,''  drops,  and  is  dead. 
It  has  not  been  fully  ascertained  how  in  such  cases  the  cessation  of  the 
heart's  action  occurs.  The  sudden  non-appearance  of  blood  in  the 
vascular  system  of  an  entire  lung  is  undoubtedly  of  fundamental  im- 
portance; the  occurrence  of  a  reflex  paralysis,  which  may  be  in  some 
way  connected  "\^dth  it,  must  remain  a  hj'pothesis  for  the  present. 

In  other  cases  death  is  not  caused  by  syncope,  but  by  asphyxia. 
The  patient  lives  for  a  few  hours  or  days.  Such  an  attack  always  sets 
in  suddenly.  The  patient  has  a  violent  sensation  of  suffocation,  as 
though  his  thorax  were  constricted;  the  face,  which  at  first  is  pale, 
speedily  becomes  cyanotic,  the  eyes  actually  protrude  from  their 
orbits,  the  pupils  dilate,  the  jugular  veins  swell,  the  respiration  is 
acclerated,  the  heart  action  becomes  tumultuous  and  irregular.  At 
the  same  time  the  patient  complains  of  a  continuous,  severe,  painful 
feeling  of  oppression ;  the  want  of  breath  is  very  great  but  cannot  be 
satisfied;  because  although  air  enters  the  alveoli,  the  demand  for  oxy- 
gen cannot  be  satisfied  because  the  required  blood-supply  is  wanting. 
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Sometimes  one  observes  torticollis,  even  general  convulsions  with 
frothing  at  the  mouth,  as  in  epilepsy.  Death  nui}^  follow  in  one  to 
two  hours,  sometimes  earlier.  The  pulse,  which  at  first  is  ver}^  much 
excited,  becomes  feeble  and  intermittent;  the  patient  has  chills,  his 
extremities  become  cold,  the  skin  and  the  mucous  membranes  turn 
bluish.  In  other  cases  the  fatal  issue  does  not  occur  until  after  a 
day  or  two.  The  first  oppression  subsides  and  the  patient  rests  more 
easily,  but  soon  a  fresh  attack  of  dyspnea  and  oppression  sets  in, 
which  may  be  repeated  several  times  with  remissions,  until  in  one  of 
these  attacks  life  is  extinguished.  Consciousness  is  generally  pre- 
served, although  sometimes  delirium,  vertigo,  or  convulsions  may 
occur. 

In  some  rare  cases  complete  recover}^  may  follow  in  spite  of  the 
described  manifestations  of  intense  asphyxia.  But  in  most  cases  of 
that  kind  the  diagnosis  cannot  be  considered  to  be  absolutely  certain. 
I  nmst  leave  it  undecided  whether  this  assertion  does  not  apply  to  the 
following  observation,  which  was  made  by  me  jointly  with  my  col- 
league W. :  A  woman  tw^enty-seven  years  of  age,  five  times  multipara, 
then  in  the  second  month  of  her  sixth  gestation,  after  lifting  a  heavy 
weight,  on  May  17,  1898,  was  attacked  by  a  grave  hemorrhage  which 
w^as  soon  complicated  by  labor-like  pains.  After  manual  clearing  out 
of  the  uterus  the  hemorrhage  ceased  and  all  troubles  disappeared; 
only,  in  consequence  of  the  preceding  severe  loss  of  blood,  the  slightly 
anemic,  feeble  woman  felt  very  weak  and  faint.  On  June  1st  (she 
had  kept  her  bed  without  interruption)  she  was  attacked  by  slight 
angina.  During  the  night  of  June  4th  suddenly  high-graded  dj^spnea 
with  cyanosis  and  severe  oppression  set  in,  the  cause  of  which  was 
ascribed  to  embolism,  although  nothing  abnormal  could  be  demon- 
strated by  percussion  or  auscultation.  After  an  injection  of  2  eg. 
(^  grain)  of  morphin  at  1.30  a.  m.  the  patient's  condition  improved 
materially  in  the  early  morning,  and  toward  evening  all  symptoms  of 
dj'spnea  has  disappeared.  Gradual  improvement  followed;  at  the 
end  of  June  she  was  perfectly  well,  and  has  continued  to  be  so  until 
now,  the  end  of  September  (1898). 

Recovery,  as  in  this  case,  without  the  consecutive  formation  of  an 
infarct,  can  be  explained  only  on  the  supposition  that  the  embolus  has 
become  arrested  at  the  bifurcation  of  the  pulmonary  artery  or  at  the 
point  where  one  of  its  main  branches  is  given  off,  and  is  astride  of  this 
bifurcation ;  so  that  only  the  first  shock  calls  forth  the  severe  symp- 
toms, w^hile  from  the  beginning  sufficient  room  is  present  in  the  lumen 
of  the  vessels  to  permit  the  circulation  of  blood,  although  in  a  limited 
measure. 

There  is  practically  onh^  one  process  with  similar  termination  that 
needs  to  be  considered  in  the  differential  diagnosis — namel}",  the  sud- 
den occurrence  of  death  in  individuals  apparently  in  the  best  of  health 
from  atheroma  of  the  coronary  arteries.  The  symptoms  bear  a  great 
resemblance.  The  patients  suddenly  suffer  from  severe  oppression, 
sometimes  also  from  intense  pains  in  the  cardiac  region.     They  have 
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a  presentiment  of  impending  death.  Very  suddenly  conspicuous 
paleness  of  the  face  sets  in;  unconsciousness  follows;  the  pulse  be- 
comes feeble;  and  after  a  few  labored  respirations  the  fatal  issue 
takes  place. 

Such  an  accident  may  occur  without  previous  exertion  on  the 
part  of  the  patient,  or  it  may  occur  after  pulling  off  the  boots  or 
straining  at  stool.  If  the  history  is  carefully  inquired  into,  it  will 
be  found  that  people  who  die  suddenly  in  this  way  have  frequently 
complained  of  pains  in  the  cardiac  region.  The  information  that 
they  have  suddenly  experienced  a  severe  pressure  in  the  cardiac 
region  when  walking,  even  on  a  level  road,  so  that  they  were  forced 
to  stand  still,  is  always  significant.  I  have  noticed  this  symptom 
in  two  men,  between  fifty  and  sixty  years  of  age,  during  the  last  years 
before  their  death.  The  examination  of  the  heart  in  these  cases  was 
absolutely  negative ;  no  enlargement  of  the  heart  dulness,  no  irregu- 
larity of  the  pulse,  no  sign  of  atheroma  of  the  vessels.  Both  died 
suddenly  with  the  S3'-mptoms  described.  The  premonitory  symptoms 
enabled  me  to  make  the  diagnosis,  and  may  do  so  in  all  cases  of  this 
character. 

In  the  same  manner  as  very  large  ones,  very  small  emboli  may 
enter  correspondingh^  small  vessels  without  causing  infarcts.  But 
I  deduce  this  only  from  clinical  observations.  In  two  puerperal 
women,  who  had  always  been  healthy,  during  the  first  days  of  the 
puerperium  severe  pains  suddenly  set  in  which  were  always  located 
under  the  scapula  at  the  level  of  the  spine.  The  suddenness  of  the 
pain,  its  intensity,  and  its  limitation  to  a  small  region  presented  a 
general  picture  which  so  completely  corresponded  to  that  of  other 
emboli  leading  to  infarct  that  I  may  assume  the  same  process.  The 
supposition  is  also  supported  hj  the  predisposition  which  exists 
during  the  puerperium  to  thrombosis  of  periuterine  veins,  and  also 
by  the  favorable  result  which  followed  a  single  injection  of  morphin. 

Emboli  of  medium  size  most  frequently  lead  to  the  formation  of 
infarcts.  They  usually  obstruct  vessels  1  to  3  mm.  in  width.  The 
symptoms  of  embolism  in  such  a  case  are  altogether  absent  or  dis- 
appear very  rapidly.  They  consist  chiefly  in  sudden,  intense  pain 
at  the  point  where  later  on  the  infarct  can  be  demonstrated.  If 
dyspnea  is  also  present,  it  is  usually  due  to  the  pain  caused  by  the 
respiratory  movements.  It  is  rarely  caused  solely  by  the  exclusion 
from  the  circulation  of  the  affected  vascular  district.  ''Then  it  is 
possible  that,  with  repeated  chills,  the  respiratory  frequency  may 
increase  to  60  and  more  per  minute,  and  the  anxious  expression  of  the 
countenance,  the  li^ddity  of  the  skin,  the  cold  perspiration,  complete 
the  image  of  intense  air  hunger"  (Penzoldt). 

Cough  may  be  insignificant  in  obstruction  of  pulmonary  vessels 
by  emboli  originating  in  peripheral  veins.  In  local  thrombosis,  with 
consecutive  infarction,  it  depends  more  upon  the  fundamental  cardiac 
affection,  and  does  not  necessarily  experience  an  increase  with  the 
appearance  of  the  infarct.   But  during  the  further  course  it  may  become 
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materially  aggravated.  This  is  especially  the  case  if  the  onibolus 
carries  infectious  inatorial,  and  a  septic  or  gangrenous  focus  instead 
of  a  simple  infarct  de\'elops. 

Hemoptysis  is  the  characteristic  symptom  of  infarct.  Pure  blood 
is  expectorated  mostly  in  cases  in  which  an  embolus  gets  into  a 
previously  healthy  lung  from  the  peripheral  veins.  As  the  blood 
by  means  of  the  ciliated  epithelium  may  be  transported  as  far  as 
the  trachea  and  larynx,  a  single  hawking  movement  frequently  suffices 
to  expel  it.  Coin-shaped  masses  of  dark  blood  are  then  seen  in  a 
flat  cuspidor.  This  is  not  always  the  case,  however.  More  or  less 
copious  streaks  of  blood  on  the  bronchial  secretion  may  be  all  that 
can  be  seen,  or  the  blood  is  so  intimately  mixed  with  the  bronchial 
secretion  that  the  latter  assumes  a  dark  red,  gelatinous  aspect.  Some- 
times, as  has  been  mentioned  by  Laennec,  expectoration  of  copious 
quantities  of  pure  blood — i.  e.,  hemoptysis — occurs,  and  in  these 
cases  more  or  less  severe  cough  mil  be  present.  The  cough,  at  least 
at  the  onset  of  the  infarction,  is  not  so  much  a  sign  of  the  latter 
process  as  a  symptom  of  bronchial  catarrh  which  had  been  present 
from  the  beginning.  Accordingly,  it  occurs  in  cases  in  which  an 
affection  of  the  heart  is  the  fundamental  cause. 

The  expectoration  of  blood  does  not  set  in  immediately  after 
the  appearance  of  the  embolus.  Gerhardt,  who  observed  spitting 
of  blood  13  times  in  15  cases,  stated  that  it  occurred  once  eight  and 
a  half  hours,  in  two  instances  twenty-four  hours,  after  the  chill  which 
marked  the  beginning  of  the  process  of  embolism ;  and  in  other  cases 
on  the  second  or  third  day  after  the  "  paroxysm  of  suffocation." 

The  purity  of  the  sanguineous  sputum — i.  e.,  the  absence  of  an 
admixture  of  bronchial  secretion — is  an  important  diagnostic  point. 
The  characteristic  properties  of  pneumonic  sputum,  especially  its 
toughness  and  rubiginous  appearance,  are  rarely  or  never  observed 
in  hemorrhagic  infarct.  On  the  other  hand,  in  croupous  pneumonia 
the  sputum  may  be  almost  purely  sanguineous  or  very  watery, 
or  it  may  resemble  prune-juice  and  contain  only  small  quantities 
of  pure  blood,  so  that  it  will  be  very  much  like  that  of  an  infarct. 
In  this  case  the  physical  examination,  which  in  the  case  of  pneu- 
monia will  show  dulness  mostly  extending  over  an  entire  lobe,  and 
the  history  will  protect  against  error. 

In  an  infarct  the  expectoration  of  sanguineous  sputa  lasts  often 
for  some  time,  even  for  several  weeks.  "They  contain  intact  blood- 
corpuscles  for  more  than  a  week.  But  after  one  to  three  weeks 
granules  and  crystals  of  hematoidin  appear  in  the  sputum,  and 
after  a  variable  time,  often  after  one  and  a  half  to  two  weeks,  the 
bloody  sputa  decrease  and  assume  a  brown,  red,  or  blackish-red 
color,  similar  to  that  of  currant  jelly"  (Gerhardt). 

In  most  cases  percussion  yields  trustworthy  information  in  regard 
to  the  seat  of  the  infarct,  especially  when  the  lungs  were  previously 
healthy  and  the  embolus  has  originated  in  thrombosis  of  a  vein. 
The  diagnosis  is  more  uncertain  if  thrombosis  or  embolism  occurs 
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in  the  course  of  a  protracted  stagnation  of  the  blood  in  the  lungs 
consecutive  to  cardiac  disease.  The  stasis  may  previously  have 
modified  the  percussion  note,  for  instance,  by  brown  induration,  and. 
it  therefore  becomes  difficult  to  determine  the  seat  of  the  infarct. 
Dulness  may  exist  if  the  diameter  of  the  infarct  is  but  4  cm., 
especially  if  its  seat  is  peripheral  (Wintrich,  Penzoldt).  In  keeping 
with  the  above-described  seat  of  infarcts  the  dulness  is  usually  found 
in  the  right  lower  and  in  the  middle  lobe.  The  position  of  the  pa- 
tient, however,  is  not  without  influence  upon  the  locality. 

The  auscultatory  signs  are  usually  restricted  to  crepitant  rales 
over  the  dull  area;  bronchial  respiration  occurs  rarely,  "pectoral 
fremitus  is  increased"  (Penzoldt). 

According  to  my  experience,  fever  does  not  occur  in  uncompli- 
cated infarct.  I  fully  indorse  Gerhardt's  words:  "The  temperature 
of  the  body,  as  a  rule,  remains  normal ;  it  may  be  below  the  normal, 
or  show  slight,  irregular  elevations." 

Pleurisy  is  probably  the  only  complication  of  infarct.  It  usually 
amounts  to  no  more  than  a  fibrinous  coating  of  the  base  of  the  per- 
ipheral infarct;  in  some  cases  a  large  serous  exudation  may  take 
place. 

The  appearance  of  pyemic  and  gangrenous  foci  bears  the  same 
relation  to  the  embolus  as  the  production  of  infarct;  i.  e.,  if  the  em- 
bolus contains  the  bacterial  causes  of  pyemia  or  gangrene,  it  must 
produce  two  different  changes  at  the  same  time.  On  the  one  hand, 
by  obstructing  the  artery  it  causes  an  infarct  in  the  peripheral  distri- 
bution of  the  vessel;  and,  on  the  other  hand,  it  allows  the  pathogenic 
bacteria  to  develop. 

The  importance  and  the  value  of  healthy  organic  tissue  in  the 
fight  against  bacteria  are  well  established  by  general  experience, 
and  it  goes  without  saying  that  the  tissue  of  the  infarct  forms  an 
excellent  soil  for  the  multiplication  of  the  bacteria. 

This  division  of  the  effect  of  an  embolus  into  a  local  one,  corre- 
sponding to  the  seat  of  the  embolus  in  the  pulmonary  A^essel,  and  a 
peripheral  one,  embracing  the  territory  of  the  obstructed  vessel,  is 
best  seen  when  the  pulmonary  embolus  is  a  carcinomatous  particle. 

The  growth  of  the  cancer  begins  in  the  embolus  proper;  one  can 
see  how  the  nests  of  cancer  cells  permeate  the  wall  of  the  vessel ;  the 
infarct  is  found  at  the  periphery  of  the  occluded  portion  of  the  vessel, 
and  is  in  every  respect  similar  to  infarcts  originating  from  other 
causes.  But  it  is  not  a  priori  impossible  that,  although  the  embolus 
may  not  contain  anj^  pathogenic  germs  and  therefore  produces  only 
a  simple  infarct,  pathogenic  germs  may  later  on  enter  with  the  in- 
spiratory air-current  and  colonize  in  the  substance  of  the  infarct. 
This  is  no  doubt  a  very  rare  occurrence. 
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PROGNOSIS. 

The  prospects  of  recovery  clejieiul  i)artly  upon  the  size  of  the 
embolus,  antl  partly  upon  the  condition  of  the  lunf2;s  at  the  time 
of  the  occlusion  of  the  vessel.  A  third  fundamental  condition  for 
the  course,  the  presence  of  pathogenic  bacteria  in  the  embolus,  need 
not  be  considered  here,  since  it  has  been  shown  that  the  changes 
which  they  cause  are  independent  of  the  infarct  and  belong  to  the 
realm  of  pyemia  or  that  of  gangrene  of  the  lung. 

Very  large  emboli  which  are  retained  in  a  main  branch  of  the 
pulmonary  artery  may,  as  described,  cause  speedy  death  by  syncope 
or  asphyxia;  termination  in  recovery  is  an  exception. 

While  this  kind  of  embolism  has  no  infarct  in  its  train  on  account 
of  the  rapidity  of  the  fatal  issue,  ^^ry  small  emboli  run  a  favorable 
course  and  do  not  produce  infarction,  because  the  embolized  district 
is  insignificant  in  extent. 

Whenever  a  simple  infarct  develops,  the  prognosis  depends  essen- 
tially upon  the  condition  of  the  lungs.  If  the  latter  have  previously 
been  healthy,  the  prognosis  may  be  regarded  as  entirely  favorable. 

It  is  different,  however,  if  in  consequence  of  cardiac  disease  signs 
of  congestion  are  present  in  the  lungs.  As  soon  as  an  infarct  is  formed, 
either  by  an  embolus  from  the  peripheral  venous  system  or  from  the 
right  heart,  or  by  local  thrombosis,  the  course  depends  chiefly  on 
the  existence  or  non-existence  of  compensation,  or  on  the  possibility 
of  bringing  it  about  by  proper  remedies.  Even  then  the  issue  may 
often  enough  be  favorable. 


PROPHYLAXIS  AND  TREATMENT, 

Many  useful  measm-es  can  be  recommended  for  the  prevention 
of  embolic  processes.  As  we  know  that  emboli  in  the  majority  of 
cases  are  but  detached  pieces  of  thrombi  which  have  developed  in  per- 
ipheral veins,  and  as  such  thrombi  probably  most  frequently  occur  in 
the  veins  of  the  leg,  where  they  can  be  demonstrated  easily,  the  utmost 
should  be  done  to  prevent  particles  of  thrombi  from  detaching.  Even 
if  only  sw^elHng  of  a  leg  occurs  during  an  acute  disease  of  long  duration ; 
or  if  a  circumscribed  painful  swelling  is  present  in  the  gastrocnemius 
muscle  during  such  a  disease,  or  mthout  preceding  disease  after 
spraining  of  the  muscles  of  the  calf;  or,  still  more,  if  on  a  swollen  leg 
the  femoral  vein  can  be  felt  as  a  hard  cord  and  is  painful  upon  slight 
pressure,  absolute  rest  in  bed  should  be  insisted  on  at  once.  Some- 
times it  is  exceedingly  difficult  to  enforce  such  a  prescription.  The 
director  of  an  accident  insurance  company  whom  I  had  compelled  to 
rest  in  bed  quietly  for  several  weeks,  because  he  had  contracted  a 
thrombosis  in  consequence  of  overstretching  the  muscles  of  the  calf, 
did  not  thank  me  until  a  year  later,  when  his  company  had  been  legally 
forced  to  pay  a  considerable  amount  of  insurance  money  to  the  heirs 
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of  a  manufacturer  who  had  also  suffered  from  thrombosis  consecutive 
to  a  distortion  of  the  muscles  of  the  calf,  caused  by  stepping  back- 
ward from  a  pile  of  iron  pipes.  On  account  of  insufficient  care  the 
thrombosis  led  to  fatal  embolism  of  the  lungs. 

It  is  quite  evident  that  massage  of  a  leg  swollen  in  consequence  of 
thrombosis  of  the  veins  may  cause  the  gravest  danger,  because  pieces 
of  the  thrombus  may  thus  become  detached.  It  must  not  be  applied 
under  any  consideration  at  first;  and  should  not  be  practised  for  a 
long  time,  possibly  months  after  the  appearance  of  the  thrombosis, 
when  the  thrombus  has  become  completely  organized  and  massage 
may  be  desirable  to  remove  the  remaining  edema.  I  do  not  consider 
elevation  of  a  swollen  leg  in  thrombosis  of  any  particular  importance ; 
it  would  better  be  omitted,  especially  as  it  is  attended  with  a  great  deal 
of  discomfort  for  the  patient.  Cold  compresses,  however,  changed 
every  hour  or  two  and  covered  with  a  woolen  cloth,  can  be  recom- 
mended, but  they  should  only  be  placed  on  the  anterior  surface  of  the 
leg,  to  avoid  frequent  raising  of  the  same. 

Not  rarely  in  connection  with  the  puerperium  and  gynecologic 
operations  thromboses  of  the  pelvic  veins  occur  which  may  lead  to 
embolism.  According  to  Mahler  and  Wyder,  a  rapid  pulse  out  of 
proportion  to  the  temperature,  which  cannot  be  explained  in  any  other 
manner,  is  indicative  of  the  onset  of  thrombosis.  "  If  a  few  days  after 
a  gynecologic  operation,  when  the  danger  of  sepsis  has  almost  disap- 
peared, and  the  patient  is  relatively  or  absolutely  well,  a  sudden 
increase  of  the  pulse  is  observed  without  any  external  palpable  reason 
and  with  normal  or  nearly  normal  temperature,  the  phenomenon  is  of 
the  greatest  importance  for  the  physician,  because  it  indicates  hidden 
or  visible  thrombosis,  and  if  there  is  also  edema  of  the  lower  extrem- 
ities, which  does  not  always  depend  upon  a  thrombotic  process,  is  almost 
a  certain  sign  that  thrombosis  is  the  cause  of  the  swelling  of  the  leg. " 

In  all  cases  of  this  kind  of  thrombosis  iron  is  indicated,  and  a 
strengthening  diet  can  be  advised  if  the  condition  of  the  stomach  will 
permit  it.  Anemia  of  a  more  or  less  high  degree  is  almost  alwaj^s 
present. 

In  the  gradual  development  of  thrombi  in  the  right  auricle  or  ven- 
tricle, in  which  sometimes  also  a  small  frequent  pulse  occurs,  the  pro- 
phylactic measures  should  be  limited  to  what  the  prevailing  condition 
of  the  heart  demands.  Rest,  regulation  of  the  heart  action  by  digi- 
talis, improvement  of  the  blood  by  preparations  of  iron,  are  required 
in  the  first  place. 

Least  accessible  to  therapeutic  proceedings  are  local  thromboses  of 
smaller  pulmonary  vessels  which  appear  in  connection  with  cardiac 
defects  and  show  fibrinoid  degeneration,  as  described  on  page  734. 
The  same  applies  to  cases  in  which  particles  of  neoplasms,  which  have 
grown  into  the  venous  or  lymphatic  system,  detach  themselves  and 
gain  access  to  the  pulmonary  circulation. 

In  the  treatment  of  infarct  the  application  of  the  various  remedies 
depends  primarily  upon  the  size  of  the  obstructing  plug.     If  the  em- 
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"boli  are  very  large,  and  unconsciousness,  with  or  without  convulsions, 
sets  in  almost  at  the  same  moment  when  the  patient  cries  out  that  he 
has  a  feeling  of  impending  catastrophe,  the  fatal  issue  can  hardly  ever 
be  avoided.  If  immetliate  stoppage  of  the  heart  has  occurred,  neither 
faradization  nor  artificial  respiration  will  be  of  any  a\ail;  but  if  con- 
sciousness remains,  and  if  the  embolism,  by  obstruction  of  a  larger 
vessel,  only  leads  to  manifestations  of  grave  dyspnea,  I  recommend 
with  Gerhardt  the  subcutaneous  administration  of  morphin.  Neither 
cyanosis  nor  small  frequent  pulse  nmst  interfere  with  this  procedure. 
All  severe  symptoms  of  disease  disappear  in  some  cases  entirely,  in 
others  they  are  considerably  alleviated,  and  thus  the  possibility  of  a 
uniform  blood  distribution  is  given  with  a  hope  of  recovery.  The 
subcutaneous  injection  of  morphin  should  not  be  given  in  too  small 
a  dose.  I  recommend  2  eg.  (^-  grain)  for  adults,  even  if  great  weakness 
and  anemia  prevail,  as  in  the  case  described  on  page  743.  Very  favor- 
able and  immediate  results  can  be  secured  by  the  administration  of 
morphin  in  patients  in  whom  small  emboli  cause  severe  pain  which 
increases  the  difficult  respiration  to  dyspnea.  In  the  above  cases  in 
which  such  manifestations  occurred  in  the  puerperium  the  effect  of 
the  injection  was  surprisingly  prompt  and  lasting.  The  patients  re- 
covered at  once,  as  no  infarct  followed  the  embolism. 

Of  course,  even  when  the  embolus  causes  infarct,  and  pains  are  the 
first  symptoms  of  obstruction  of  a  vessel,  at  first  an  anodyne,  prefera- 
bly morphin,  may  be  required.'  But  often  the  pains  are  slight  or 
absent,  and  the  first  sign  of  embolism  or  thrombosis  having  set  in  is  the 
evacuation  of  blood  from  the  infarcted  place.  The  quantity  of  the 
same  is  rarely  large,  but  the  expectoration  of  blood  may  continue  for 
days.  Therapeutically,  hardly  anything  but  lead  acetate  (every 
three  hours,  later  three  times  a  day,  3  to  5  eg. — grain  ^  to  j — with  5  dcg. 
— grains  ^dij — of  sugar  in  powders)  can  be  recommended.  Inhalations 
of  the  solution  of  the  sesquichlorate  of  iron  (hquor  ferri  sesquichlorati) 
or  of  other  styptics  I  do  not  consider  advisable  on  account  of  the  deep 
inspiration  required.  Opiates  or  morphin  against  cough  are  indispen- 
sable. Rest  in  bed,  bland  but  at  the  same  time  nourishing  diet,  care 
for  regular^  easy  evacuation  of  the  bowels,  the  avoidance  of  strong  ab- 
dominal pressure,  together  with  the  remedies  advised,  should  in  most 
cases  be  sufficient  to  accomplish  a  cure.  For,  as  long  as  no 
specific  pathogenic  bacteria  combine  with  the  embolus,  consequently 
as  long  as  neither  abscess  formation  nor  gangrene  set  in  wdth, 
or,  rather,  locally  in  front  of  the  infarct,  complete  recovery  may  be 
counted  on. 

Neither  are  local  thrombi  in  the  pulmonary  tissue  with  secondary 
infarction  in  themselves  dangerous  to  life,  but  onh^  the  affections 
which  are  the  cause  of  thrombosis,  such  as  valvular  lesions  and  aneu- 
rysms of  the  aorta. 

Even  pleural  effusion  will  interfere  but  little  with  the  prospect  of 
recovery.  But  it  is  better  to  leave  the  removal  of  the  exudate  to 
natural  resorption  and  not  to  attempt  its  removal  by  puncture,  at 
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least  not  until  the  amount  of  the  exudate  and  the  dyspnea  depending 
upon  it  urgently  demand  it,  and  then  not  to  such  a  degree  that  the 
positive  pressure  which  exists  in  a  large  exudate  approaches  the  nor- 
mal negative  one,  because  this  may  cause  a  rupture  of  peripherally 
located  infarcts. 


ABSCESS   OF  THE   LUNGS. 

PATHOGENESIS  AND  PATHOLOGIC  ANATOMY. 

Abscess  of  the  lungs,  like  the  corresponding  alteration  in  other 
parts  of  the  body,  means  the  infiltration  of  a  piece  of  tissue  of  variable 
size  with  pus  or  white  blood-corpuscles  followed  by  severance  of  its 
organic  connection  with  the  surrounding  tissue.  The  separation  is 
probably  brought  about  by  the  activity  of  the  white  blood-corpuscles 
alone  without  the  co-operation  of  coagulation  processes  in  the  corre- 
sponding vessels.  However,  abscess  of  the  lungs  frequently  differs 
from  abscess  elsewhere  in  the  body  in  that  the  parts  surrounding  the 
tissue  to  be  expelled  are  usually  normal  in  other  organs,  while  in  the 
lungs  a  large  portion,  sometimes  an  entire  lobe,  may  be  the  seat  of 
some  other  affection,  the  abscess  being  formed  later  within  the  diseased 
part. 

We  therefore  have  to  distinguish  between  abscesses  occurring  in 
inflamed  tissue,  and  those  that  develop  in  previously  healthy  lungs. 

Examples  of  the  first  variety  are  the  abscesses  which  sometimes 
occur  in  genuine  pneumonia  and  those  which  appear  in  the  train  of 
desquamative  pneumonia  (page  638).  The  process  is  easily  ex- 
plained by  the  above-mentioned  definition  of  the  nature  of  abscess 
formation.  If  in  genuine  or  desquamative  pneumonia  the  exudation 
of  leucocytes  at  certain  points  or  in  a  single  circumscribed  area  is  not 
confined  to  the  alveoli,  but  also  affects  the  interalveolar  tissue,  total 
softening  of  the  loosened  tissue,  in  other  words,  an  abscess,  results. 

It  is  evident  that  the  inflammatory  process  which,  although 
originally  more  extensive,  starts  in  the  alveolar  epithelium  and  runs 
its  course  within  the  alveoli,  is  the  predisposing  cause  of  abscess 
formation.  In  general,  croupous  pneumonia  rarely  terminates  in 
abscess;  but,  according  to  the  statistical  investigation  of  Tuffier, 
this  disease  furnishes  a  larger  contingent  of  pulmonary  abscesses 
than  any  other.  Of  49  operated  cases  of  pulmonary  abscess,  23 
could  be  traced  to  fibrinous  pneumonia. 

All  other  forms  of  pulmonary  abscess  have  the  common  property 
of  developing  in  previously  normal  pulmonary  tissue. 

Abscess  in  consequence  of  embolism  should  be  the  first  one  to 
go  into  this  class.     Whether  the  embolus  causes  the  formation  of 


ABSCESS  OF  THE  LUNGS.  751 

an  infarct  or  not  is  a  matter  entircl}^  independent  of  the  forma- 
tion of  abscess.  The  abscess  arises  if  infectious  material  reaches 
the  lungs  with  the  embolus  from  its  place  of  origin,  and  the  ab- 
scess forms  at  the  seat  of  the  embolus,  not  behind  it,  as  does  the 
infarct. 

In  such  a  case  multiple  abscesses  instead  of  a  single  one  are  often 
present  in  the  lungs,  and  with  this  is  combined  the  clinical  picture 
of  p3'emia. 

Less  frequently  abscess  of  the  lungs  is  brought  about  by  the 
aspiration  of  foreign  bodies.  Whenever  these  are  of  a  large  caliber, 
and  stick  fast  in  one  of  the  larger  bronchi,  extensive  ulceration  with 
the  destruction  of  a  large  part  of  a  pulmonary  lobe  is  the  result.  In 
the  case  reported  by  Schild  from  the  Magdeburg-Altstadt  Hospital, 
the  patient  in  trying  to  whistle  on  an  acorn-shell,  which  he  held 
between  two  fingers,  aspirated  the  latter  into  the  respiratory  tract. 
Six  days  later  resection  had  to  be  done  for  left-sided  empyema,  and  { 
Uter  of  pus  was  evacuated.  The  resection  wound  closed  very  soon. 
The  acorn-shell  was  coughed  up  six  weeks  after  the  accident,  and  nine 
months  later  the  patient  was  discharged,  but  with  manifest  destruction 
of  tissue  in  the  lower  half  of  the  left  upper  lobe  and  in  the  lower  lobe. 
Not  until  a  year  and  three  months  after  the  onset  of  the  affection, 
in  spite  of  regularly  repeated  examinations, — the  patient  had  re- 
mained under  my  permanent  observation, — were  tubercle  bacilli 
found  in  the  sputum,  and  six  months  after  this  he  died. 

Abscess  following  the  aspiration  of  fluids  or  of  very  small  cor- 
puscular elements  which  enter  the  alveoli  of  the  lungs  is  rare;  as  in 
such  a  case  gangrene  is  much  more  common,  unless  death  occurs  before 
its  full  development. 

After  injuries  which  affect  the  lungs  in  the  form  of  open  wounds 
through  the  thoracic  wall  (perforating  wounds  of  the  chest)  simple 
abscess  is  formed  but  rarely. 

More  frequent  are  the  perforating  abscesses,  as  they  were  called 
by  Stokes.  He  applies  this  name  to  cases  in  which  pus  accumulates 
outside  of  the  lungs,  later  penetrates  the  pulmonary  tissue,  and  is 
evacuated  through  the  bronchi.  The  starting-point  of  such  abscesses 
may  be  the  outer  wall  of  the  thorax  and  of  the  abdominal  organs, 
an  accumulation  of  pus  in  the  pleural  or  in  the  peritoneal  cavit}^, 
abscess  of  the  liver  (Stokes),  a  carious  vertebra,  suppurative  bronchial 
glands  (Leyden),  echinococci  of  the  liver,  which  will  be  expectorated 
with  the  sputum,  or  even  a  gastric  ulcer,  as  I  have  observed  in  one 
case.* 

Leyden,  following  Traube  and  Cotton,  designates  as  chronic 
abscess  of  the  lungs  that  form  of  simple  necrosis  and  non-purulent 
ulceration  (non-tuberculous)  which  most  generallj^  develops  in  the 
indurated  lungs  of  the  aged.  The  disintegration  which  is  here 
observed  in  the  lungs  simulates  in  a  certain  manner  the  necrotic 
decay  of  indurated  or  slaty  bronchial  glands.  As  the  process  in  the 
pulmonary  tissue  is  quite  similar  to  the  insidious  development  of 
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chronic  abscesses  in  bronchial  glands,  which  may  even  perforate  the 
bronchus,  the  term  chronic  abscess  appears  equally  justifiable  in 
the  case  of  the  lungs.  At  any  rate,  this  name  is  supposed  to  designate 
a  chronic,  simple — i.  e.,  neither  tuberculous  nor  gangrenous — ulcer 
of  the  lungs,  an  ulcerating  cavity  filled  with  pus,  but  not  a  bronchi- 
ectasis, which  has  formed  in  consequence  of  necrotic  decay  of  pul- 
monary tissue,  that  has  been  changM  by  chronic  inflammation,  and 
which  progresses  in  the  same  manner.  But,  according  to  my  opinion, 
it  is  further  necessary  to  investigate  whether  some  of  these  cases 
do  not  represent  a  sequestrum  instead  of  an  abscess.  At  least  I 
should  consider  the  possibility  of  Fraenkel's  specimen,  which  he 
demonstrated  as  chronic  abscess  of  the  lungs,  and  in  which  a  seques- 
trum as  large  as  a  hen's  egg  protruded  into  a  large  cavity  in  the  right 
upper  lobe,  being  really  a  sequestrum,  and  I  would  not  admit  a 
conformity  with  the  pathologic  process  which  occurs  in  abscess  of 
the  lungs,  as  described  at  the  beginning  of  this  section  and  also  on 
page  486.  But  in  every  instance  the  co-operation  of  bacteria 
is  of  essential  importance  for  the  origin  of  abscess  in  the  pul- 
monary tissue,  whether  they  appear  in  infiltrated  pneumonic  parts 
or  in  a  healthy  organ. 

Bacteriology. — Cohn,  in  an  examination  made  with  all  proper 
precautions,  found  the  pneumonia  bacillus  of  Friedlander  in  the  ex- 
pectorated particles  of  tissue  from  a  pulmonary  abscess  which  had 
commenced  under  the  clinical  picture  of  pneumonia  of  the  right  apex 
and  was  cured  later  on,  and  pronounced  it  to  be  the  cause  of  abscess 
formation.  Zenker  found  in  his  case  of  abscess  formation  in  pneu- 
monia Diplococcus  pneumoniae  as  the  sole  cause  of  suppuration.  In 
this  case  he  explains  the  breaking-down  of  a  poorly  nourished  pul- 
monary tissue,  weakened  by  marasmus  and  an  old  influenza  infec- 
tion, into  pus  by  the  existing  intense  emphysema  and  the  presence  of 
enormous  numbers  of  Fraenkel's  Diplococci  pneumoniae,  the  viru- 
lence of  which  was  probably  increased  by  symbiosis  with  the  influ- 
enza bacillus. 

Koranyi  demonstrated  Staphylococcus  pyogenes  aureus  by  plate 
cultures  in  the  blood  of  a  patient,  although  no  pathogenic  bacteria 
could  be  demonstrated  in  the  sputum.  Pain  prevailed  in  several 
joints,  and  infiltrations,  first  of  the  right,  then  of  the  left  lower  lobe 
had  occurred.  On  the  twentieth  day  of  the  affection  150  gm.  of  pus 
were  expectorated;  later,  elastic  fibers  and  shreds  of  parenchyma  up 
to  2  cm.  in  length,  and  hematoidin  crystals  of  various  forms  were 
found  in  the  sputum.     The  woman  recovered. 

Hitzig  attributes  an  abscess  in  the  right  lower  lobe,  in  which  the 
sputum  contained  elastic  fibers,  alveolar  epithelium,  and  crystals  of 
hematoidin  to  the  direct  action  of  the  infiuenza  bacillus.  He  made 
eight  bacteriologic  examinations  of  the  sputum  within  five  weeks, 
and  in  every  instance  he  found  typical  influenza  bacilli,  but  never 
streptococci,  staphylococci,  or  capsulated  diplococci.  The  patient, 
a  woman  fifty-five  years  of  age,  recovered. 
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It  must  bo  cxnic'liulotl  from  these  r(>sults  that  various  kinds  of 
bacteria  may  be  the  cause  of  puhnoiiary  abscess.  It  is  reserved  for 
future  investigators  to  demonstrate  what  variations  in  the  form, 
in  the  anatomic  behavior,  and  in  the  cHnical  courge  of  pulmonar}^ 
abscess  depend  upon  the  different  kinds  of  bacteria. 


SYMPTOMS. 

The  presence  of  an  abscess  of  the  lungs  can  be  positively  assumed 
only  when  elastic  fibers  can  be  demonstrated  in  the  sputum.  Some- 
times shreds  of  tissue  several  centimeters  long  are  found,  as  Traube 
has  shown  (see  page  481).  Otherwise  the  microscopic  appearance  of 
the  sputum  does  not  present  anything  characteristic ;  during  the  greater 
part  of  the  disease  it  corresponds  to  the  affection  which  has  led  to 
the  formation  of  abscess.  If  it  was  a  pneumonia,  however,  the 
sputum  as  a  rule  soon  begins  to  differ  from  that  of  typical  pneumonia; 
according  to  Leyden,  it  is  hemorrhagic  or  blackish;  it  maj^  also  be 
grass  green,  as  found  by  Traube.  Leyden  describes  the  odor  of  the 
pus  on  the  whole  as  musty.  It  may  become  offensively  sweet,  or 
even  fetid,  but  these  changes  are  always  the  precursors  of  gangrene 
or  putrid  disintegration. 

According  to  the  same  author,  the  shreds  of  parenchyma  which 
often  appear  in  the  sputum  contain:  (1)  Fat  crystals,  in  some  parts 
very  numerous,  in  others  altogether  wanting,  in  the  form  of  spherical 
Drusen  of  about  the  size  of  a  pulmonary  epithelial  cell  and  glistening, 
refractive  appearance;  (2)  yellowish-brown  or  brownish-red  par- 
ticles of  pigment  in  varying  quantities;  (3)  crystals  of  hematoidin, 
partly  in  the  shape  of  the  well-known  rhomboid  forms  characteristic 
of  bilirubin  crystals,  partly  as  delicate  bundles  of  fine  needles  which 
radiate  in  one  or  two  directions  and  often  contain  a  rhomboid  crystal 
at  the  center. 

Fever  is  present  in  most  cases  of  abscess  of  the  lungs ;  it  is  mostly 
irregular;  rarely  intermittent,  and,  if  so,  for  a  short  while  only.  If 
the  abscess  is  the  product  of  genuine  pneumonia,  the  latter  may 
terminate  by  crisis  and  very  soon  a  fever  of  varying  duration  may 
follow. 

The  most  frequent  complication  is  pleurisy,  mostly  of  a  purulent 
character.  The  complication  depends  on  the  seat  of  the  abscess ;  if 
it  is  immediately  under  the  pleura,  pleurisy  is  never  absent,  provided 
the  two  pleural  layers  are  not  adherent. 

Senator  has  observed  subcutaneous  emphysema  in  one  case  of 
abscess  of  the  lungs,  after  pneumonia  of  the  left  side.  He  ascribes 
it  to  the  passage  of  air  through  the  external  wall  of  the  abscess,  which 
was  adherent  to  the  costal  pleura,  at  a  point  where  rupture  by  means 
of  very  fine  openings  had  occurred  at  "one  or  several  places."  The 
openings  allowed  air  to  pass,  but  only  infinitesimal  quantities  of  the 
fluid  contents  of  the  ca\'ity. 

48 
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As  the  presence  of  such  minute  openings  was  not  positively  demon- 
strated by  the  autopsy  in  this  case,  the  question  may  be  asked, 
Might  not  the  air,  in  view  of  the  fact  that  the  emphysema  appeared 
first  on  the  left  half  of  the  face,  have  taken  its  course  from  the  abscess 
into  the  mediastinum  and  spread  from  there  toward  the  face?  In  a 
case  of  tuberculosis  I  saw  the  subcutaneous  emphysema  which  fol- 
lowed hemoptysis  appear  first  under  the  clavicle,  extend  from  there 
to  the  neck  and  face,  and  finally  spread  over  the  entire  body.  From 
this  I  concluded  that  a  cavity  had  opened  into  that  part  of  the  medias- 
tinum which  is  not  covered  by  the  pleura,  and  the  air  had  first 
entered  this  cavity.  I  regretted  very  much  that  I  could  not  make 
the  autopsy  in  this  case.  The  patient  was  nineteen  years  of  age  and 
died  after  six  days,  from  an  attack  of  nephritis. 


DIAGNOSIS  AND  PROGNOSIS. 

In  the  diagnosis  the  presence  of  a  tuberculous  cavity  must  first 
of  all  be  included.  The  finding  of  tubercle  bacilli  forms  the  best 
criterion.  The  expectoration  of  large  quantities  of  pus  at  considerable 
intervals  points  rather  to  abscess.  Not  without  value  is  the  knowl- 
edge that  abscesses  occur  most  frequently  in  the  lower  lobes,  tuber- 
culous cavities  generally  in  the  upper  lobes.  According  to  Tuffier, 
80%  of  all  abscesses  are  found  in  the  lower  lobes. 

The  possibility  of  tuberculosis  being  superadded  to  abscess  of  long 
duration  is  proved  by  the  case  described  on  page  751. 

In  bronchiectasis  elastic  fibers  are  absent  from  the  sputum,  but 
otherwise  the  symptoms  may  be  very  similar  to  those  of  abscess. 

Tuffier  correctly  says  that  it  is  very  difficult  to  distinguish  between 
an  encapsulated,  especially  an  interlobar  pleural  exudate  and  a 
closed  abscess;  i.  e.,  one  which  as  yet  has  no  visible  communication 
with  the  bronchi.  To  obtain  a  correct  result  the  causal  conditions 
as  well  as  the  entire  course  of  the  disease  must  be  carefully  studied. 
[In  the  former  bronchial  breathing,  from  condensation  of  lung,  with- 
out rales,  and  absent  fremitus  is  likely  to  obtain. — Ed.] 

The  prognosis  depends  chiefly  on  the  pathogenesis.  It  is  most 
favorable  in  abscesses  which  originate  in  genuine  pneumonia.  Ab- 
scesses caused  by  large  foreign  bodies,  especially  beans,  becoming 
wedged  fast  in  a  bronchus  run  a  grave  and  rapidly  fatal  course. 


TREATMENT. 

The  treatment  of  abscess  of  the  lungs  until  quite  recently  was 
purely  medical,  and  even  now  the  medical  treatment  should  be 
principally  considered  in  the  majority  of  cases.  This  applies,  above 
;all,  to  cases  in  which  an  abscess  has  formed  in  the  course  of  croupous 
pneumonia.     As  has  been  mentioned  on  page  486,  the  abscess  is 
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always  solitary,  and  its  size  ranges  from  3  to  15  cm.  The  most 
appropriate  treatnic^nt,  according  to  ni}''  experience,  consists  in  the 
inhalation  of  carbolic  acid.  A  4  to  5%  solution,  which  in  the  nebu- 
lizer will  be  diluted  about  oni^-half  by  the  admixture  of  steam,  should 
be  inhaled  three  or  four  times  daily.  The  apprehension  that  too  much 
carbolic  acid  may  be  absorbed  is  unfounded,  as  it  is  prevented  by 
watching  for  the  characteristic  dark  color  of  the  urine.  I  have  never 
seen  such  a  change  occur  even  after  using  the  acid  for  weeks.  In 
addition  to  this  procedure,  a  nutritious  diet  and  absolute  rest  in  bed 
are  required. 

In  abscesses  due  to  embolism,  bronchiectasis,  or  the  aspiration  of 
foreign  bodies,  quinin  may  be  used,  in  addition  to  the  inhalation 
of  carbohc  acid,  to  combat  the  fever  which  is  sometimes  accom- 
panied by  chills. 

Apoland  advises  in  pulmonarj^  abscess  to  make  the  patient  lie  in 
a  position  that  assists  the  discharge  of  pus,  although  at  first  the 
cough  is  thereby  aggravated.  The  patient  should  bend  over  every 
two  hours  or  less,  according  to  the  quantity  of  the  discharge. 
Whether  this  method  has  an}^  value  I  do  not  venture  to  decide. 

The  indications  for  surgical  interference  can  scarcely  be  sum- 
marized, but  have  to  be  considered  carefully  in  every  individual 
instance.  Whenever  the  presence  of  a  secondary  eywpyema  is  demon- 
strated it  is  advisable  to  evacuate  the  pus  in  every  case  of  pulmonary 
abscess.  In  a  fatal  case,  in  which  I  had  to  give  an  opinion  on  the 
postmortem  findings  by  order  of  the  court,  an  abscess  as  large  as  a 
plum  and  an  empyema  had  formed  in  consequence  of  a  stab  wound 
which  had  penetrated  the  lungs  below  the  point  of  the  scapula  be- 
tween two  ribs.  In  this  case  an  operation  should  have  been  performed 
and  recovery  might  have  been  possible.  In  the  above  case  of  aspira- 
tion of  an  acorn-shell  an  empyema  had  also  formed,  and  was  evacuated 
by  resection,  but  the  process  of  disintegration  caused  by  the  foreign 
body  remaining  fast  could  not  be  arrested,  and  finally  caused  death 
after  tuberculosis  had  been  superadded. 

In  addition  to  resection  for  the  purpose  of  evacuating  a  com- 
plicating emp3^ema,  which  is  the  principal  indication  for  surgical 
interference,  the  latter  is  advisable  in  cases  of  uncoinplicated  abscess, 
if,  after  its  presence  has  been  positively  determined,  there  is  no  pros- 
pect of  spontaneous  rupture  into  the  air-passages  or  the  general 
condition  and  the  fever  render  an  operation  imperative. 

The  value  of  such  a  procedure  is  proved  by  the  reports  of  Rune- 
berg,  Quincke,  and  Tuffier,  based  on  their  own  observations  and  on 
carefully  collected  statistical  material.  The  last-named  author,  who 
has  collected  the  cases  from  the  literature  up  to  1897,  reports  the 
result  of  operations  in  49  cases  of  pulmonary  abscess,  47  cases  of 
bronchiectasis,  and  11  cases  of  pulmonary  abscess  following  the 
aspiration  of  foreign  bodies. 

Of  the  49  cases,  23  appeared  after  fibrinous  pneumonia,  6  were 
caused  by  septic  embolism  ''in  the  course  of  an  acute  infection";  in 
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5  cases  foreign  bodies  had  been  aspirated,  and  3  were  secondary  to 
suppuration  in  the  neighborhood  (liver,  kidney). 

According  to  the  view  of  these  authors,  which  is  undoubtedly 
correct,  the  evacuation  of  the  abscess  by  puncture  should  be  rejected 
in  favor  of  resection  of  one  or  more  ribs. 

According  to  Tufiier 's  compilation,  the  resection  of  one  rib  furnished 
a  large  enough  field  of  operation  in  19  cases;  resection  of  several  ribs 
was  only  necessary  in  9  cases.  In  most  cases  the  layers  of  the  pleura 
were  adherent;  in  4  cases  there  were  partial  adhesions;  in  9,  the 
pleurae  were  free.  Suture  of  the  pleura  was  done  3  times.  In  four 
other  cases  pneumothorax  set  in  at  the  moment  of  operation;  in  two 
cases  it  was  only  partial  and  was  not  followed  by  grave  consequences ; 
but  in  one  case  it  rendered  the  operation  very  difficult,  and  hastened 
the  death  of  the  debiUtated  patient,  and  in  another  case  made  it 
impossible  to  open  the  abscess.  Five  operations  had  to  be  per- 
formed at  two  sittings,  three  of  them  with  the  aid  of  Quincke's 
method — i.  e.,  the  introduction  of  a  paste  of  chlorid  of  zinc.  In 
another  case  tincture  of  iodin  was  used  to  produce  adhesions.  Neuber 
resected  three  ribs,  tamponed  the  wound,  and  then  waited  five 
days  before  he  performed  pneumotom}^ 

Out  of  43  operations,  33  recoveries  occurred.  In  seven  cases 
the  abscess  was  not  opened ;  only  one  of  these  patients  recovered. 

The  dangers  of  the  operation  are,  according  to  Tufher,  insuffi- 
cient diagnosis  and  the  absence  of  pleural  adhesions. 

The  prognosis  depends  chiefly  on  the  cause  of  the  abscess  and 
the  time  of  operation.  Metastatic  abscesses  offer  a  worse  prognosis 
than  primary  ones.  The  former  show  a  mortality  of  one-third,  the 
latter  of  one-fourth  of  the  cases.  Furthermore,  the  timely  operation 
of  acute  abscess  gives  better  results  than  the  later  operation. 

Little  encouragement  is  given  by  the  results  of  surgical  inter- 
ference in  bronchiectasis,  wdiich  I  include  here  on  account  of  the 
indications,  which  frequently  correspond  with  those  of  the  treat- 
ment of  abscess.  According  to  Tuffier,  out  of  47  cases,  13  died; 
and  of  the  remaining  34,  scarcely  7  recovered  completely.  But 
it  must  be  considered  that  in  almost  all  cases  pneumotomy  and 
drainage  are  followed  by  a  material  diminution  of  the  expectora- 
tion, cessation  of  the  daily  evacuation  of  pus,  and,  above  all,  the 
disappearance  of  the  fetid  odor. 

At  the  same  time,  it  is  peculiarly  difficult  to  select  the  right  mo- 
ment for  surgical  interference  in  bronchiectasis.  Lately  I  had  to 
treat  the  laborer  K.,  forty-four  j^ears  of  age,  in  the  city  hospital 
for  bronchiectasis  in  the  left  lower  lobe.  He  was  put  on  the  pen.sion 
list  by  the  Government  Insurance  Board  on  account  of  cough  and 
dyspnea  five  5^ears  ago.  During  the  first  weeks  of  his  stay  in  the 
hospital  ("July  21  to  September  1,  1898)  he  had  very  high  fever,  with 
great  weakness;  he  was  very  much  reduced,  his  weight  was  45  kg. 
The  expectorated  sputa  were  very  putrid,  but  did  not  contain  any 
tubercle  bacilli.     Sometimes  the  patient  was  somnolent.     I  was  con- 
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sidering  a  surgical  operation,  but  gave  up  the  idea  partly  on  account 
of  the  extreme  weakness,  and  partly  on  account  of  the  results  of  per- 
cussion over  the  left  lower  lobt>,  which  alternated  rapidly  between 
dulness  and  resonance,  showing  that  the  accumulated  pus  was  evacu- 
ated without  difficulty.  I  recommended  only  inhalations  of  carbolic 
acid  and  a  nutritious  diet.  The  former  was  carried  out  three  times 
a  day  for  five  weeks,  when  it  was  discontinued  because  the  putrid 
smell  had  ceased  and  the  discharge  had  diminished.  A  week  later 
the  inhalations  were  resumed  on  account  of  the  reappearance  of  the 
odor  and  kept  up  for  three  weeks.  When  discharged,  the  patient 
felt  much  impro\'ed  and  was  out  of  bed  all  day.  He  had  been  free 
from  fever  for  seven  weeks,  although  the  temperature  was  quite  high 
during  the  first  weeks  of  his  stay.  His  weight  was  62.5  kg.,  an 
increase  of  17^  kg. 

The  results  of  operations  in  pulmonary  abscesses  due  to  the 
aspiration  of  large  foreign  bodies  must  be  considered  very  unfavor- 
able, according  to  Tuffier's  statistics.  It  is  true  the  chances  of 
recovery  in  such  cases  are  not  improved  by  the  omission  of  any 
interference.  Although  in  the  above  case,  as  in  many  others  re- 
ported in  the  literature,  the  aspirated  foreign  body — in  this  case 
an  acorn-shell — was  spontaneous!}^  expelled  after  some  time,  the 
process  of  disintegration  in  the  lungs  had  meanwhile  become  so 
extensive  that  neither  complete  recovery  nor  a  long  duration  of 
life  could  be  expected. 

[A  discussion  on  the  surgery  of  the  lungs  \^dll  be  found  at  the 
end  of  the  article  on  Gangrene. — Ed.] 


GANGRENE  OF  THE  LUNG. 

PATHOGENESIS  AND  PATHOLOGIC  ANATOMY. 

Laennec  has  distinguished  two  varieties  of  gangrene  of  the 
lungs — circumscribed  and  non-circumscribed.  In  the  latter  the  pul- 
monary tissue  is  more  moist  and  more  friable  than  is  normal,  its  con- 
sistency is  like  that  of  pneumonic  tissue  in  the  first  stage  of  edema 
of  the  lungs,  or  in  postmortem  engorgement  with  serum.  The  color 
shows  different  tints,  varying  betw^een  a  dirty  white  or  light  greenish 
and  dark  green  or  almost  black.  Some  parts  are  softened,  disin- 
tegrated into  a  putrid  pulp.  On  section  a  creamy,  turbid,  grayish- 
green  fluid  is  discharged,  which  smells  gangrenous.  The  affection 
occupies  at  least  a  large  part  of  one  lobe,  sometimes  the  greater  part 
of  a  lung.  In  some  places  the  healthy  or  almost  healthy  tissue  of  the 
lungs  merges  gradually  with  the  gangrenous  parts;  in  other  places 
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a  zone  of  primary  inflammatory  engorgement  intervenes ;  rarely  and 
in  some  spots  the  latter  has  advanced  to  hepatization.  In  circum- 
scribed or  essential  gangrene  only  a  small  part  of  the  lungs  is  affected. 
A  portion  of  the  pulmonary  tissue,  irregularly  defined  and  of  varying 
size,  is  then  either  in  a  condition  of  fresh  mortification  or  one  of 
gangrenous  eschar  formation,  which  later  becomes  colliquative; 
finally  a  cavity  remains  after  the  gangrenous  tissue  has  become 
completely  softened  and  cast  off. 

In  gangrenous  eschar  formation  the  mortified  part  presents  a 
black  appearance  with  a  tinge  of  green;  the  tissue  is  more  moist, 
more  compact,  harder  than  that  of  the  lungs,  the  appearance  is 
exactly  like  that  of  an  eschar  on  the  skin  in  consequence  of  corrosion 
by  caustic  potash;  the  diseased  tissue  emits  the  characteristic 
gangrenous  odor.  The  contiguous  portion  of  the  lung  to  a  certain 
distance  shows  the  inflammatory  engorgement  in  the  first  or  second 
stage.  If  the  process  of  decomposition  is  carried  still  further,  a  land 
of  blackish,  greenish,  or  brownish  pulp  is  produced,  which  may 
rupture  into  an  adjacent  bronchus.  The  surrounding  inflamed 
tissue  becomes  consolidated  at  the  border  of  the  mortified  section  or 
forms  a  pseudomembrane.  Occasionally  the  cavity  is  crossed  by 
blood-vessels  of  considerable  size,  or  the  latter  end  abruptly  on  the 
walls  of  the  cavity,  which  may  then  contain  some  coagulated  blood. 

This  description  is  the  most  correct  and  thorough,  according  to 
my  opinion,  that  has  so  far  been  given  of  gangrene  of  the  lungs. 
A  later  description  of  the  causes  of  gangrenous  processes  in  the  lungs 
by  Traube  embraces  only  the  circumscribed  forms  of  Laennec,  leav- 
ing out  the  non-circumscribed  form.  At  least  circumscribed  areas 
only  can  arise  if  the  gangrene,  according  to  his  statement,  originates 
(1)  in  the  vessels,  (2)  in  the  bronchi,  (3)  in  already  existing  cavities 
created  by  destruction  of  the  parenchyma. 

The  origin  of  gangrene  in  the  vessels  Traube  correctly  ascribes 
to  the  presence  of  fibrin  plugs  containing  septic  material  from  other 
parts  of  the  body;  in  other  words,  to  embolic  processes. 

The  origin  of  the  affection  is  explained  as  follows :  In  the  bronchi 
the  sputa  stagnate  in  dilated  or  non-dilated  bronchi  and  are  dis- 
integrated under  the  infiuence  of  high  temperature  and  oxygen. 
This  leads  to  inflammation  of  the  mucous  membrane  of  the  originally 
affected  bronchi,  and  to  fetid  bronchitis  in  the  bronchi  in  which  the 
decomposed  masses  are  deposited ;  the  latter  then  spreads  to  the  sur- 
rounding tissue,  which  also  undergoes  septic  decomposition. 

But  here  it  appears  that  Traube  failed  to  discriminate  sufficiently 
between  putrescence  of  the  bronchial  contents  and  gangrenescence 
of  the  pulmonary  tissue.  Differences  between  these  processes  can, 
however,  be  demonstrated  in  many  cases,  and  may  also  be  utilized 
clinically  for  the  diagnosis  between  putrid  bronchitis  and  gangrene. 
This  will  be  further  discussed  in  connection  with  diagnosis. 

But  I  do  not  mean  to  question  the  mode  of  origin  of  the  gan- 
grenous process  in  the  bronchi,  even  in  such  as  are  sound.     I  myself, 
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in  the  section  on  Asj)ira1i<)ii  I'licuiiionia,  liuve  described  a  case  (page 
624)  in  which  a  gangrenous  (Usintegration  set  in  in  the  inflamed 
areas  which  were  caused  by  aspiration,  and  probably  such  a  result 
would  be  more  frequent  under  these  circumstances  if  the  fatal  termina- 
tion wore  not  so  rapid  in  most  cases  of  aspiration  pneumonia. 

In  such  cases,  as  Hensel  says,  the  gangrenous  germs  themselves 
must  produce  a  necrosis.  "The  putrid  properties  of  the  aspirated 
particles  lend  a  gangrenous  tendency  to  the  catarrhal  pneumonia 
which  they  produce;  i.  e.,  the  contents  of  the  alveoli  are  destroyed  not 
by  a  simple  necrotic,  but  by  a  putrid  process.  The  masses  of  debris 
that  fill  two  adjacent  alveoU,  as  they  increase,  crush  the  vessels  of 
the  intervening  wall;  the  latter  decomposes  and  gangrene  attacks 
the  lung  itself.  The  gangrenous  process  extends  in  two  ways :  other 
places  are  attacked  in  the  same  way  as  the  original  focus,  and  the 
growing  thrombi  in  the  arroded  vessels,  whose  walls  have  been  de- 
strojTd,  continue  to  exclude  new  masses  of  tissue  from  nutrition 
and  predispose  them  to  gangrenous  disintegration." 

Worthy  of  notice  is  a  remark  of  Volkmann  in  emendation  of  Ley- 
den's  statement  (page  390),  that  in  rare  cases  metastatic  gangrene 
of  the  lungs  occurs,  probably  from  small  thrombosed  veins  in  the 
petrous  bone,  in  connection  with  caries  of  the  ear,  and  that,  although 
it  is  impossible  to  demonstrate  the  existence  of  a  thrombosed  vein 
or  of  the  metastatic  abscess,  or  to  discover  any  other  imaginable 
cause,  such  a  causal  connection  must  be  assumed.  He  says:  "I 
have  reason  to  surmise  that  in  these  cases  the  gangrene  of  the  lungs 
often  originates  by  the  direct  passage  of  the  carious  ichor  from  the 
Eustachian  tube  into  the  pharynx  and  trachea,  as  sometimes  occurs 
in  ichorous  carcinoma  of  the  jaw  and  of  the  tongue,  in  pharyngeal 
diphtheria,  or  after  extensive  operations  in  the  ori-nasal  cavit}^ 
I  have  seen  gangrene  follow  twice  in  such  cases  immediately  after  a 
full  dose  of  morphin,  given  to  relieve  the  patient  for  one  night  from 
the  tormenting  cough  which  was  kept  up  b}^  ichor  dripping  on  the 
glottis." 

The  necropneumonia  which  sets  in  after  perforation  of  an  adjacent 
organ  must  be  attributed  to  an  analogous  process — namely,  aspira- 
tion into  the  air-passages.  It  originates  most  frequently  in  car- 
cinoma of  the  esophagus;  but  it  is  possible  that  perforation  may  be 
brought  about  by  foreign  bodies  which  remain  fast  in  the  esophagus, 
or  even  b}^  probing  the  latter. 

The  third  source  of  gangrene  mentioned  by  Traube — namel}^, 
already  existing  cavities  in  the  pulmonary  tissue — ma}',  according 
to  his  opinion,  be  due  to  acute  or  subacute  pneumonia,  hemorrhagic 
infarct,  or  tuberculosis. 

The  relations  between  acute  genuine  pneumonia  and  necropneu- 
monia, according  to  this  opinion,  presuppose  the  formation  of  cavities, 
while  other  authorities  have  assumed  a  direct  transition  from  pneu- 
monia to  gangrene.  On  the  whole,  such  a  transition  does  not  appear 
to  be  frequent.     Grisolle,  in  his  report  of  305  cases  of  pneumonia, 
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which  forms  the  basis  of  his  essay,  found  none  that  was  followed 
by  gangrene;  and,  vice  versa,  in  a  series  of  70  cases  of  necropneu- 
monia,  which  he  found  described  in  different  works,  there  were 
scarcely  5  which,  strictly  speaking,  could  be  taken  to  be  instances 
of  pneumonia  terminating  in  pulmonary  gangrene.  In  almost  all 
cases  gangrene  followed  after  several  days'  illness  in  the  course  of  a 
very  mild  bronchitis  which  was  often  unaccompanied  by  fever. 

Grisolle  remarks,  in  addition,  that  while  gangrene  is  rarely  the 
consequence  of  pneumonia,  pneumonia  is  often  caused  by  gangrene. 
It  can,  in  fact,  be  observed  that  the  intact  pulmonary  tissue  around 
the  gangrenous  area  becomes  inflamed,  and  this  consecutive  inflam- 
mation is  nearly  always  the  main  cause  of  death,  or  at  least  hastens 
the  fatal  termination.  In  the  1501  cases  of  croupous  pneumonia 
on  which  I  have  based  my  work  I  have  not  seen  a  single  case  of  gan- 
grene. 

Traumatism  is  another  cause  of  gangrene  of  the  lungs.  It  may 
be  accompanied  by  perforation  of  the  thoracic  wall,  or  merely  by 
indirect  laceration  or  contusion  of  the  pulmonary  tissue.  Leyden 
reports  several  well-authenticated  cases  of  this  nature.  Schneider 
reports  a  case  of  gangrene  which  set  in  after  a  bullet  wound,  and 
Friedreich  one  occurring  after  a  contusion  by  railroad-car  bumpers. 
Both  these  cases  deserve  to  be  specially  mentioned  because  of  their 
terminating  in  recovery.  Necropneumonia  may  also  occur  in  con- 
nection with  carcinoma  of  the  lungs.  Epstein  has  exhaustively  re- 
ported such  a  case. 

It  follows  from  the  above  discussion  that  two  different  kinds  of 
pulmonary  gangrene  may  be  distinguished :  the  circumscribed  and 
the  diffuse.  The  former  may  begin  in  the  vessels,  when  it  is  of  an 
embolic  character ;  or  commence  in  the  finest  bronchi,  when  it  is  due 
to  aspiration;  or  directly  affect  the  pulmonary  tissue,  as  in  perfora- 
tions from  adjacent  organs.  The  second,  the  diffuse  form,  is  less 
known.  Is  it,  as  is  most  probable,  due  to  a  catarrhal  pneumonia 
the  further  peculiar  course  of  which  is  dependent  upon  the  compli- 
cation by  specific  bacteria?  May  we  in  these  cases  ascribe  the  appear- 
ance of  the  specific  causes  of  the  disease  to  aspiration,  while  in  the 
circumscribed  forms  the  infection  is  conveyed  by  liquid  or  solid 
material? 

According  to  my  experience,  I  feel  inclined  to  answer  these  ques- 
tions in  the  affirmative,  but  do  not  claim  to  render  a  positive  decision. 
I  will  only  mention  that  my  few  cases  of  diffuse  gangrene  were 
invariably  preceded  at  varying  intervals  by  bronchial  catarrh,  which 
suddenly  became  aggravated  and  complicated  by  the  appearance  of 
fever  and  the  expectoration  of  sputa,  the  appearance  and  odor  of 
which  presented  the  characteristics  of  gangrene,  while  absolute 
dulness  and  crepitant  rales  could  be  observed  over  the  lower  section 
of  one  lung.  It  is  of  course  impossible  to  affirm  that  the  specific 
causes  of  the  disease  had  entered  the  lungs  by  inspiration  only, 
unless  the  other  recognized  means  of  importation — embolism,  aspira- 
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tion,  immediate  penetration  into  the  pulmonary  tissue  by  perfora- 
tion— can  be  excluded. 

Judging  from  two  cases  that  came  under  my  obscrA-ation,  it  seems 
to  me  that  only  the  excessive,  long-continued  use  of  brandy  is  of  im- 
portance as  a  predisposing  factor  in  diffuse  gangrene.  In  both  cases 
chronic  bronchial  catarrh  had  been  present  for  some  time ;  one  of  the 
patients  was  a  man  from  the  better  class  of  society. 

A  valuable  proof  of  the  fact  that  pulmonar}'  gangrene  ma}^  occur 
as  a  diffuse  affection  I  consider  Mosing's  report  of  the  epidemic, 
or  rather  endemic,  appearance  of  necropncumonia  in  the  prison  of 
Lemberg  in  1842.  This  report  is  contained  in  the  Austrian  govern- 
ment medical  annals,  which  are  very  difficult  to  obtain,  and  which 
I  only  succeeded  in  securing  by  the  kind  efforts  of  my  publisher,  Mr. 
Alfred  Holder.  The  careful  perusal  of  this  report  entitles  me  to  agree 
with  the  opinion  of  the  author,  that  the  pulmonary  affection  which 
occurred  in  a  great  number  of  cases  was  a  ''specific  inflammation 
with  a  marked  tendency  to  gangrene."  Although  the  characteristic 
signs  of  gangrene  did  not  develop  in  all  the  cases,  and  "the  very 
peculiar  process  which  precedes  gangrene  caused  the  fatal  issue  or 
terminated  in  recovery"  (14  died  out  of  68  affected),  there  can  be 
no  doubt  that  this  inflammation  also  terminated  in  gangrene,  when 
one  reads  that  the  autopsy  of  one  case,  which  clinically  agreed  with 
all  the  others,  showed  that  "the  left  lower  lobe  was  so  rotten  that, 
upon  taking  it  out,  the  finger  of  the  pathologist  suddenly  penetrated 
deep  into  the  substance,  and  a  thick  ichor,  looking  like  coffee  and 
milk,  forced  its  way  out  and  spread  an  odor  hke  that  of  ichor  in 
malignant  tumors.  The  quantity  amounted  to  about  two  pounds, 
but  no  ca\dty  was  found,  because  the  entire  substance  appeared  to 
have  been  converted  into  pulp  and  ichor ;  the  substance  of  the  upper 
lobe  w^as  changed  into  exactly  the  same  kind  of  ichor,  so  that  the 
entire  pulmonary  tissue  could  scarcely  be  recognized."  It  was  also 
stated  that  "some  of  the  patients  died  of  a  hectic  fever  with  suppu- 
ration of  the  lungs  and  infected  the  atmosphere  in  their  neighborhood 
by  their  offensive  breath  and  fetid,  discolored  sputa." 

Finally,  it  may  be  said  that  statistics  of  necropneumonia  accord- 
ing to  age  and  sex  will  be  of  no  value  until  its  different  forms,  carefully 
distinguished,  can  be  used  as  a  basis  for  such  a  calculation. 


ETIOLOGY/ 

TMiile  the  conditions  named  so  far  for  the  appearance  of  circum- 
scribed as  well  as  of  dilTuse  gangrene  of  the  lungs  should  rather  be 
regarded  as  predisposing  factors,  we  may  look  upon  the  action  of 
special  bacteria  as  the  direct  cause  of  the  disease,  according  to  our 
present  views  and  experience.  Leyden  and  Jaife  have  found  several 
different  kinds  of  fungi  in  the  areas  of  pulmonar}^  gangrene.  One 
of  them  they  conceived  to  be  a  descendant  of  Leptothrix  buccalis, 
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and  named  it  Leptothrix  pulmonalis;  another  they  described  as  a 
kind  of  fungus  consisting  of  fine,  delicate,  spiral  threads.* 

Bonome  was  probably  the  first  to  comply  with  the  requirements 
of  a  correct  bacteriologic  investigation  of  the  cause  of  pulmonary 
gangrene.  He  was  able  to  demonstrate,  in  eight  cases  of  gangrene 
of  the  lungs,  Staphylococcus  pyogenes  albus  five  times  and  Staphylo- 
coccus pyogenes  aureus  three  times,  in  pure  culture ;  in  one  case  both 
kinds  appeared  together  in  the  same  necrotic  area.  These  various 
staphylococci  he  believes  to  be  the  causes  of  pulmonary  gangrene. 

Hirschler  and  Terray  found  in  the  sputa  from  three  cases  of  pul- 
monary gangrene  a  kind  of  microphyte  which  has  never  been  de- 
scribed. It  belongs  to  the  class  of  micrococci  and  is  of  almost  the 
same  size  as  Staphylococcus.  On  gelatin  it  forms  a  culture  which  on 
about  the  eighth  or  tenth  dsij  appears  similar  to  four-leaved  clover 
or  a  flower  with  six  petals.  Liquefaction  is  very  slow.  On  all  cul- 
ture-media a  very  peculiar  penetrating  odor,  exactly  like  that  of 
gangrenous  sputum,  develops  quite  early  and  is  retained  permanently 
by  the  cultures.  That  the  development  of  this  fetid  odor  depends 
on  the  presence  of  putrefied  matter  produced  by  the  bacteria  is  proved 
by  the  fact  that  indol  and  skatol,  the  products  of  albumin  putre- 
faction, could  be  constantly  demonstrated  in  the  cultures.  This 
fact  fully  harmonizes  with  the  experience  that  in  the  products  of 
distillation  obtained  from  fresh  gangrenous  sputa,  indol,  skatol,  phenol, 
crenol,  oxyacids,  hydriothon,  ammonia,  and,  among  the  volatile  fatty 
acids,  formic  acid,  can  be  demonstrated. 

These  authors  were  able  to  obtain  pure  cultures  of  these  micro- 
cocci from  the  tissue-juice  of  the  lungs  in  a  fatal  case  of  pulmonary 
gangrene;  and  demonstrated  abundant  quantities  of  the  same  in 
sections  of  the  interalveolar  connective  tissue  by  using  a  double 
stain.  They  proved  by  experiments  on  animals  that  this  kind  of 
bacterium  is  pathogenic  and  causes  circumscribed  necroses  in  the 
pulmonary  tissue ;  but  it  is  not  stated  that  it  causes  the  characteristic 
odor  of  gangrene  also. 

Babes  believes  that  various  kinds  of  bacteria  may  lead  to  gan- 
grene of  the  lungs.  He  was  in  a  position  to  demonstrate  the  presence 
of  a  streptococcus  or  a  staphylococcus  of  extraordinary  virulence 
in  several  cases  of  pneumonia  presenting  certain  peculiar  symptoms. 
He  also  found  two  kinds  of  bacteria  capable  of  producing  pulmonary 
gangrene :  a  variety  of  the  bacillus  of  malignant  edema,  and  a  special 
saprogenic  microbe  which  is  similar  to  Bacterium  coli  commune,  but 
liquefies  gelatin  and  experimentally  causes  progressive  gangrene. 
But,  as  a  rule,  microbes  cultivated  from  gangrenous  foci  lose  their 
virulence;  one  can  produce  gangrene  in  animals  only  by  injecting 
some  of  the  gangrenous  mass.  He  presumes  that  a  combination  of 
different  bacteria  is  necessary  for  the  production  of  the  disease. 
It  also  appears  that  these  micro-organisms  can  be  effective  only 
when  the  lungs  have  previously  been  under  the  influence  of  other 

*See  paper  by  Pearce,  on  Leptothrix  infections. — Ed. 


GANGRENE  OF  THE  LUNG.  763 

bacteria.     No  causative  relations  could  be  positively  demonstrated 
between  diphtheria  bacilli  and  gangrene. 

The  lack  of  uniformity  in  all  these  findings  proves  only,  according 
to  my  opinion,  that  the  bacterial  causes  of  gangrene  have  not  been 
as  yet  positively  demonstrated. 


DIAGNOSIS  AND  SYMPTOMATOLOGY. 

If  I  give  precedence  to  diagnosis,  I  do  so  because  the  most  im- 
portant symptom  of  pulmonary  gangrene,  the  peculiar  odor  of  the 
breath  and  of  the  sputa,  without  which  the  affection  cannot  be  demon- 
strated at  all,  must  first  be  described  as  exactly  as  possible,  to 
distinguish  it,  as  well  as  can  be  done,  from  another  peculiar  odor 
of  the  breath  and  of  the  sputa  which  is  characteristic  of  another 
affection  of  the  lungs  that  is  not  gangrenous. 

I  refer  to  the  differential  diagnosis  between  putrid  bronchitis 
and  gangrene,  and  in  many,  possibly  in  most  cases,  the  difference 
in  the  odor  of  the  breath  and  of  the  sputa  is,  according  to  my  ex- 
perience, the  most  important  diagnostic  point. 

It  is  true  that  the  determination  of  this  symptom  with  the  aid 
of  the  olfactor)^  organ  is  purely  subjective  and  empiric,  but,  as  it  has 
repeatedly  enabled  me  to  arrive  at  a  diagnosis,  it  deserves  to  be 
made  ase  of  for  want  of  a  better  one.  The  difference  between  the 
fetid  odor  of  putrid  bronchitis  and  that  of  pulmonary  gangrene  is 
best  described  by  a  simile.  In  the  former,  breath  and  sputa  smell 
like  cheese  in  the  different  stages  of  putrefaction ;  in  the  latter,  like 
dung-water.  Whoever  has  stood  near  a  gardener  while  he  watered 
his  flowers  with  this  fluid  will  not  deny  that  it  has  an  unmistakable 
peculiarity.  To  characterize  the  odor  in  the  two  diseases  I  should 
recommend  the  adjective  ''putrid"  in  putrid  bronchitis,  and  "fetid" 
in  gangrene,  designations  that  have  so  far  been  used  promiscuously. 

It  may  be  confidently  expected  that  in  the  future  better  means 
than  are  offered  by  our  olfactory  organs  will  be  found  for  the  dis- 
crimination between  the  two  affections,  when  it  shall  be  possible 
to  obtain  pure  cultures  of  the  bacteria  which  are  the  cause  of  putrid 
bronchitis  and  to  discover  their  variation  from  the  causes  of  gan- 
grene. This  view  is  justified  by  the  results  obtained  so  far,  which, 
however,  require  further  confirmation.  Lumniczer,  while  observing 
all  the  rules  required  for  a  correct  bacteriologic  investigation,  suc- 
ceeded in  cultivating  from  the  sputum  expectorated  in  putrid  bron- 
chitis, on  agar,  small  hemispheric  colonies  rising  above  the  level  of 
the  medium  and  consisting  of  small  bacilli.  They  were  about  1.5 
to  2  fj-  long,  slightly  curved,  rounded  at  the  ends,  thickened  at  the 
center,  and  supplied  with  spores  which  were  quite  ^dsible  and  stained 
easily  with  anilin  d^'es.  After  a  growth  on  agar  of  six  to  seven  days 
the  culture  developed  an  odor  exactly  like  that  of  putrid  bronchitis. 
The  author  compared  this  odor  with  that  of  acacia  blossoms  or  that 
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of  a  ''rotten"  apple  blossom.  I  regret  to  say  that  this  odor  is 
entirely  unknown  to  me.  The  pathogenic  effect  of  this  bacillus  can 
be  proved  experimentally.  Injected  into  the  pulmonary  tissue  or 
introduced  into  the  bronchi  through  the  trachea,  in  which  catarrh 
had  been  produced  by  inhalation  of  ammonia,  it  led  to  a  purulent 
inflammation  going  on  to  necrosis. 

The  sputum  also  presents  other  essential  points  for  the  diagnosis 
of  gangrene.     Traube  describes  the  sputum  as  follows: 

The  fetid  odor  of  the  sputum,  the  large  quantity,  the  dirty,  green- 
ish-yellow color,  the  tendency,  due  to  its  liquefying  action  on  the 
menstruum,  to  separate  after  a  time  into  layers, — an  upper,  greenish- 
yellow,  opaque,  frothy  layer;  an  intermediate,  translucent,  albu- 
minous layer,  of  almost  serous  consistency;  and  a  lower,  opaque, 
yellow  layer,  exactly  like  a  simple  purulent  sediment,  and  consisting 
of  swollen  pus-corpuscles  and  their  detritus, — and,  finally,  the  presence 
in  the  sputa  of  dirty,  yellowish-white,  semi-solid  plugs  varying  in 
size  from  that  of  a  millet-seed  or  flax-seed  to  that  of  a  bean,  with 
a  smooth  surface  and  peculiarly  offensive  odor,  in  which  microscopic 
examination  reveals  the  fatty  acid  needles  first  seen  and  described 
by  Virchow  in  putrefying  animal  matter, — all  these  phenomena 
may  occur  as  well  in  chronic  bronchial  catarrh  with  dilatation  of  the 
bronchi  as  in  pulmonary  gangrene.  The  presence  of  such  sputa 
proves  no  more  than  that  a  process  of  decomposition  (putrefaction?) 
is  going  on  within  the  respiratory  apparatus.  But  the  question  is 
whether  this  process  takes  place  within  the  intact  bronchi  or  is  con- 
nected with  the  destruction  of  the  pulmonary  parenchyma.  When 
the  latter  can  be  positively  demonstrated,  and  then  only,  we  may 
assume  that  a  process  of  disintegration  analogous  to,  or  identical  with 
putrefaction — i.  e.,  gangrene — is  going  on  in  the  pulmonary  paren- 
chyma. Traube  knows  but  three  circumstances  from  which,  under 
the  supposed  conditions,  a  destruction  of  the  parenchyma  of  the 
lungs  may  be  inferred :  (a)  If  metallic  phenomena  are  present,  which 
— as  shown  by  the  form  of  the  thorax,  by  the  percussion  note,  the 
position  of  the  adjacent  organs,  etc. — must  be  referred  to  cavities 
in  the  pulmonary  parenchyma  and  have  developed,  so  to  speak, 
under  the  eyes  of  the  observer,  i.  e.,  acutely.  If,  on  the  other  hand, 
these  phenomena  are  already  present  when  the  case  comes  under 
observation,  they  may  be  due  to  chronic  pneumonia  which  some 
time  previously  has  led  partly  to  abscess,  and  partly  to  induration 
of  the  parenchyma  of  the  lungs  with  dilatation  of  the  bronchi  without 
the  presence  of  a  trace  of  pulmonary  gangrene,  (b)  If  the  sputum 
is  of  the  nature  just  described  and  contains  microscopic  bundles  of 
elastic  fibers  which  present  the  grouping  of  those  which  compose 
the  pulmonary  parenchyma.  It  must,  however,  be  mentioned  in 
this  connection  that  elastic  fibers  occur  comparatively  rarely  in  gan- 
grenous sputum,  because  they  appear  to  dissolve  in  the  gangrenous 
ichor  of  the  cavities,  (c)  If  in  the  fetid  sputum  irregular,  mostly 
oblong,  gray  shreds  can  be  found  of  punk-like  consistency,  inter- 
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sected  by  fine  lines  and  dots,  in  which  tlie  microscope  reveals  a  large 
quantit}^  of  clos(>ly  crowded  but  free  molecules  of  black  pigment 
within  an  amorphous  translucent  mass.  It  seems  that  the  above- 
mentioned  semi-solid  plugs  containing  needles  of  fatty  acid  form  only 
when  the  decomposing  animal  substance,  b}^  defective  expectoration 
or  on  account  of  the  saccular  nature  of  the  cavities,  finds  an  oppor- 
tunity to  remain  for  some  time  in  the  area  of  disintegration  and 
to  become  inspissated.  Therefore  these  plugs  are  absent  in  jjul- 
monary  gangrene,  even  w^hen  the  expectoration  is  abundant  and 
spacious  spherical  cavities  are  present. 

Fever  I  ne^'er  found  to  be  absent  in  gangrene.  It  often  attains 
a  considerable  height — 40°  C.  (104°  F.)  and  over.  Often  it  is  re- 
mittent, exactly  as  in  genuine  croupous  pneumonia. 

Cough  is  mostly  ver}^  tormenting,  and  gives  the  patient  no  rest 
day  or  night  if  the  proper  remedies  are  not  given.  This  is  due  chiefly 
to  the  peculiar  properties  of  the  secretion  originating  in  the  gan- 
grenous area.  It  is  more  acrid,  more  corrosive,  than  any  other 
secretion  caused  by  the  disintegration  of  pulmonary  tissue,  and  con- 
sequently it  produces  a  more  intense  and  more  lasting  irritation  of 
the  nerves  of  the  trachea  and  of  the  mucous  membrane  of  the 
larynx. 

The  posture  of  the  patient  is,  according  to  Leyden,  inclined 
toward  the  affected  side.  Instinctively  a  position  is  tried  in  which 
the  irritating  secretion  is  not  continually  discharged,  but  accumulates 
gradually  and  is  evacuated  at  intervals  by  paroxysms  of  cough. 
In  addition  to  the  lateral  position  on  the  affected  side,  the  patient 
usually  assumes  a  half-sitting  posture  if  the  gangrenous  area  is  in 
the  lower  lobe;  if  it  is  in  the  upper  lobe,  however,  the  patient  is  often 
found  in  the  horizontal  position  with  the  shoulders  lower  than  the 
body. 

The  general  condition  of  health  varies  according  to  the  duration 
of  the  disease  and  the  preceding  pathologic  conditions;  it  is  in  no 
sense  characteristic.  Often  the  patient's  appearance  does  not  corre- 
spond to  the  gravity  of  the  disease.  The  face  may  be  ver}^  con- 
gested; sometimes  cyanosis  is  present. 

In  regard  to  the  strength,  mistakes  are  likely  to  occur  if  it  is 
judged  merely  b}^  the  condition  of  the  patient  W'hen  he  rests  quietly 
in  bed.  Neither  the  respiration  nor  the  pulse  are  accelerated;  the 
voice  is  strong.  But  if  the  patient  leaves  the  bed,  to  evacuate  the 
bow^els,  for  instance,  dyspnea  will  set  in  which  seems  remarkable  in 
comparison  to  the  state  of  rest ;  the  pulse  then  becomes  ver}^  frequent 
and  small;  the  exhaustion  is  greater  than  was  to  be  expected,  and 
it  is  some  time  before  the  former  state  of  rest  is  restored  after  the 
patient  returns  to  bed. 

Hemoptysis  is  a  frequent  occurrence.  It  may  be  comparatively 
slight,  in  the  form  of  an  admixture  of  blood  in  the  sputum,  or  copious, 
in  the  form  of  large  quantities  of  pure  blood.  The  former  is  a  con- 
sequence of  severe  cough,  and  probably  only  the  result  of  capillary 
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hemorrhages  from  the  decomposed  tissue  of  the  gangrenous  area, 
while  the  latter  is  caused  by  the  extravasation  of  blood  from  large 
eroded  vessels  which  are  not  completely  thrombosed. 

Percussion  usually  enables  one  to  demonstrate  extensive  consolida- 
tion, both  when  the  gangrenous  process  is  diffuse,  and  when  the  focus 
is  originally  small,  because  in  the  latter  case  extensive  pneumonic 
consolidation  of  the  surrounding  tissue  very  soon  develops.  The 
dulness  rarely  corresponds  to  the  area  of  the  individual  pulmonary 
lobes.  Large  gangrenous  foci  often  occupy  the  lower  section  of  the 
upper,  and  at  the  same  time  the  upper  part  of  the  lower  lobe ;  or  the 
lower  part  of  the  middle,  and  a  part  of  the  lower  lobe.  Neither  is 
the  intensity  of  the  dulness  uniform  over  the  affected  section.  A 
tympanitic  element  may  be  added,  and  serve,  in  addition  to  the 
contents  of  the  sputa,  to  indicate  more  extensive  disintegration  of 
tissue. 

Auscultation  usually  shows  the  presence  of  crepitant  rales  in 
addition  to  changes  of  the  respiratory  murmur  going  on  to  bronchial 
breathing. 

The  most  frequent  complication  is  purulent  pleurisy  which  may 
result  in  copious  purulent  or  ichorous  exudates.  Its  appearance 
depends  mostly  upon  the  original  seat  of  the  gangrenous  area.  The 
nearer  to  the  pleura  this  is,  the  more  likely  is  an  exudate  to  com- 
plicate the  condition. 

Among  other  complications  the  occurrence  of  embolism  in  the 
peripheral  organs  (brain,  kidneys,  stomach)  should  be  mentioned. 
The  emboli  originate  in  thrombosed  veins  in  the  neighborhood  of 
the  gangrenous  area. 

All  the  above  symptoms  occur  both  in  diffuse  and  in  circum- 
scribed gangrene,  and  are  therefore  of  no  value  for  the  distinction 
between  the  two  forms.  Careful  inquiry  into  the  history  and  the 
etiologic  conditions  which  have  been  exhaustively  discussed  is  needed 
to  enable  one  to  make  a  diagnosis. 

If  after  puerperal  fever  or  a  surgical  operation  a  previously 
healthy  lung  becomes  diseased  and  fetid  sputa  make  their  appear- 
ance, the  occurrence  of  gangrene  due  to  embolism  should  be  sus- 
pected. Gangrenous  foci  may  originate  by  aspiration  of  the 
contents  of  the  mouth  through  the  bronchi,  as  in  the  case  described 
on  page  624  in  the  section  on  Aspiration  Pneumonia.  Perforation 
of  the  esophagus  may  lead  directly  to  the  formation  of  a  gan- 
grenous area  in  the  pulmonary  tissue;  gangrene  may  also  develop 
directly  from  an  already  existing  focal  disease  of  the  lungs,  espe- 
cially if  tuberculous  cavities  are  present. 

Diffuse  gangrene,  according  to  my  experience,  is  generally  pre- 
ceded by  bronchial  catarrh  of  varying  duration,  while  all  causal 
conditions  for  a  focal  gangrene  are  absent.  The  catarrh  is  at  first 
afebrile ;  later,  fever  sets  in,  either  gradually  or  with  a  chill,  and  after 
dulness  has  been  discovered,  usually  over  a  lower  lobe,  the  fetid 
sputa  make  their  appearance.     The  presence  of  a  high  degree  of 
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alcoholism  is  not  without  value  for  the  diagnosis.  [Latent  diffuse 
gangrene  with  rupture  and  fetid  pleurisy  has  recently  been  discussed 
by  Anders  and  McFarland,  with  report  of  a  case.  The  authors 
beheve  that  the  absence  of  the  characteristic  symptoms  of  gangrene 
was  due  to  the  fact  that  the  diseased  parts  did  not  communicate 
with  a  bronchus. — Ed.] 

TREATMENT. 

While  formerly  the  prognosis  of  gangrene  of  the  lung  was  con- 
sidered to  be  very  unfavorable,  and  indecision  accordingly  prevailed 
as  to  the  proper  therapeutic  measures,  since  Skoda 's  report  of  the 
success  in  the  treatment  of  this  disease  quite  a  number  of  cases  of 
cure,  or  at  least  comparative  amelioration,  can  be  recorded.  In 
addition  to  internal  treatment,  favorable  results  have  recently  been 
attained  by  surgical  interference. 

Inhalations  of  turpentine,  first  employed  by  Skoda,  have  been 
replaced  by  carbolic  acid.  The  latter  is  recommended  by  Leyden 
instead  of  creosote  solution  which  was  formerly  used.  I  have  used 
4%  and  5%  solutions  according  to  his  suggestions.  The  atomizer 
reduces  the  strength  b}''  one-half.  I  have  never  used  the  remedy 
internally.  Leyden  prescribes  solutions  of  \%  to  1%,  with  'pepper- 
mint water  or  oil  to  disguise  the  taste,  to  be  taken  in  tablespoonful 
doses  internally.  I  prefer  Traube's  suggestion,  to  give  lead  acetate, 
3  to  5  eg.  (-g-  to  1,  grain)  with  5  dcg.  (7  grains)  of  sugar  every  two 
hours  or  three  or  four  times  a  day ;  it  appears  to  be  especially  valuable 
W'hen  the  sputum  contains  blood.  Intercurrently  quinin  may  be 
used,  because,  according  to  Binz,  its  effects  are  antipyretic  as  well  as 
disinfectant  in  septic  processes.  Leyden  gives  it  every  two  hours 
three  or  four  times  in  succession,  ^  gm.  (7  grains)  at  a  dose. 

For  the  cough  morphin  is  indispensable,  because  otherwise  the 
patients  become  exhausted  by  the  broken  rest  at  night  and  by  the 
exertion  of  coughing.  I  cannot  agree  with  the  \'iew^  that  the  use 
of  opiates  causes  the  ichorous  secretions  to  accumulate  and  thus 
become  injurious;  I  rather  think  that  opiates,  especially  morphin, 
in  addition  to  allaying  the  nervous  sensibility,  tend  to  restrict 
the  quantity  of  secretion.  It  goes  without  saying  that  in  every 
instance  a  nutritious  diet  and,  if  necessary,  stimulants  must  be 
given. 

Surgical  interference  is  indicated  in  pulmonarj^  gangrene,  espe- 
cially when  it  is  complicated  by  empyema.  According  to  my  ex- 
perience,— w^hich,  how^ever,  consists  of  a  single  observation, — and 
according  to  the  reports  of  others,  I  am  inclined  to  consider  this 
complication  a  favorable  result;  at  least,  out  of  8  cases  cited  by 
Tuffier  7  recovered.  In  my  case  the  circumstances  were  practically 
as  unfavorable  as  in  severe  cases  of  gangrene  without  empyema; 
5^et  the  patient  made  a  satisfactory  recovery.  I  therefore  give  a  full 
report  of  my  observation: 
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Emma  KL,  twenty- three  years  of  age,  born  in  Rostock,  has  always 
been  healthy  except  for  an  attack  of  measles  which  she  had  when  five 
years  old.  On  November  27,  1882,  she  was  delivered  of  a  mature  child 
without  artificial  help.  On  the  third  day  of  the  childbed  severe  chills 
set  in,  followed  by  fever,  but  there  were  no  pains  in  the  abdomen.  On 
the  fifth  day  the  chills  recurred,  and  she  was  attacked  by  stitch  in  the 
side  and  severe  cough.  Fourteen  days  after  confinement  she  was  ad- 
mitted to  the  hospital. 

Condition  on  December  10,  1882:  The  patient  looks  very  pale^  ex- 
tremely emaciated,  and  creates  the  impression  of  great  prostration.  Her 
sensorium  is  a  little  clouded.  She  complains  of  stitch  in  the  left  side, 
which  is  not  severe,  however.  The  abdomen  is  soft,  not  painful  even 
on  strong  pressure.  On  vaginal  examination  the  presence  of  an  iodoform 
tampon  can  be  demonstrated,  otherwise  only  a  moderate  discharge  which 
is  not  fetid  is  present.  The  heart  is  without  abnormality ;  the  lungs  are 
also  normal,  except  the  left  lower  lobe,  over  which  slight  clulness,  increased 
pectoral  fremitus,  bronchial  respiration,  and  tympanitic  rales  are  present. 
In  consequence  of  the  severe  cough,  large  quantities  of  pneumonic-look- 
ing sputa  are  expectorated.  The  temperature  is  very  high.  On  Decem- 
ber 12th  it  rises  to  41.2°  C.  (106.2°  F.).  The  urine  is  free  from  albumin 
and  remains  so  during  the  entire  duration  of  the  disease. 

In  spite  of  the  use  of  quinin  the  fever  remains  very  high  during  the 
following  days.  The  thermometer  shows  almost  continually  40°  C.  (104° 
F.)  in  the  evening.  Continuous  diarrhea  and  great  prostration  prevail 
until  December  23d,  and  on  this  day  commencing  decubitus  can  be  ob- 
served. 

On  December  27th  dulness  and  diminished  pectoral  fremitus  are  pres- 
ent posteriorly  on  the  left  side,  from  the  spine  of  the  scapula  downward. 
The  heart  is  displaced  to  the  right.  Twenty-four  hours  later  a  great 
quantity  of  thick,  putrid  fluid  is  suddenly  expectorated.  Immediate 
examination  proves  that  the  dulness  behind  on  the  left  side  now  only 
reaches  to  the  middle  of  the  scapula.  On  puncture  with  the  Pravaz 
syringe  a  dirty-gray  lic|uid  w^hich  has  the  same  smell  as  the  expectora- 
tion is  obtained. 

On  December  29th  thoracentesis  is  performed  in  the  sixth  intercostal 
space  and  in  the  posterior  axillary  line  and  1220  c.c.  of  a  thick,  purulent, 
turbid  fluid  of  the  same  smell  are  evacuated  in  the  course  of  two  hours. 
On  the  following  day,  December  30th,  the  patient  has  no  fever  w^hatever, 
the  temperature  in  the  morning  was  36.2°  C.  (97.2°  F.),  in  the  evening 
37.6  C°.  (100°  F.) ;  but  it  soon  rises  again,  and  on  January  3d  the  former 
degree  of  fever  is  reached.  The  dulness  again  reaches  to  the  spine  of  the 
scapula. 

On  January  6th  the  thoracic  cavity  is  widely  opened  by  costotomy 
under  chloroform  narcosis  and  a  very  abundant  quantity  of  the  above- 
described  fluid  evacuated.  After  washing  the  thoracic  cavity  a  drainage- 
tube  is  introduced  and  the  wound  dressed.  The  temperature  goes  down 
from  39.6°  C.  (103.4°  F.)  to  36.2°  C.  (97.2°  F.)  in  the  evening,  and,  as  I 
may  state  here  in  advance,  after  staying  at  about  38°  C.  (100.6°  F.)  for 
ten  days  it  remains  normal  from  then  on. 

January  7th,  irrigation  with  thymol  causes  collapse  and  severe  nausea. 
Supposing  that  the  thymol  was  the  cause  of  the  collapse,  on  the  following 
day  a  solution  of  salicylic  acid  (1  :  300)  is  used  for  irrigation.  Then  the 
patient  states  that  the  water  reaches  her  mouth.     Consequently,  although 
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at  that  time  irrigation  of  the  thoracic  cavity  was  considered  obHgatory, 
the  procedure  was  omitted,  and  only  a  week  later  a  solution  of  silver 
nitrate  (1  :  10,000)  was  used  asa  disinfectant.  The  patient  states, unasked, 
that  she  has  a  metallic  taste  on  her  tongue,  and  therefore  irrigation  is 
definitely  discarded.  Four  weeks  later  the  secretion  has  ceased  almost 
entirely;  what  remains  consists  of  thick,  laudable  pus.  The  percussion 
note  posteriorly  has  become  clear  except  over  a  zone  three  fingers  wide 
in  the  lower  portion  of  the  lung.  Only  slight  cough  prevails.  On 
February  18th  a  1  %  ointment  of  silver  nitrate  is  injected.  Two  days 
later  the  incision  wound  has  closed  permanently.  The  cough  continues 
with  thick,  greenish,  inoffensive  sputum;  it  is  allayed  within  a  few  days 
by  morphin  powders. 

On  March  11th  the  patient  leaves  the  hospital.  She  looks  very  well 
and  has  gained  considerably  in  weight,  4.5  kg.,  from  February  6th  to  Feb- 
ruary 27th.  Posteriorly  on  the  left  side,  from  the  spine  of  the  scapula 
down,  the  percussion  note  is  somewhat  shortened,  and  weakened  vesicular 
breathing  is  present ;  a  little  above  the  scar  the  note  is  slightly  tympan- 
itic, the  respiration  slightly  bronchial;  catarrhal  sounds  are  nowhere 
to  be  heard. 

Six  months  later  the  patient  once  more  presents  herself.  She  is  per- 
fectly well.  Nothing  abnormal  can  be  demonstrated  in  the  lungs.  Two 
years  later  she  A^Tites  me  that  she  enjoys. permanent  good  health. 

This  case  deserves  special  notice  for  several  reasons.  Its  origin 
is  easily  explained.  The  pulmonary  gangrene  w^as  undoubtedly 
caused  by  an  embolus  w^hich  originated  in  one  of  the  peri-uterine 
veins,  and  its  entrance  into  a  pulmonary  vessel  was  marked  by  sudden 
stitch  in  the  side  and  cough.  But  the  thrombosis  in  these  veins 
was  connected  wdth  the  puerperal  fever.  WTien  the  patient  was 
admitted  to  the  hospital,  she  had  pneumonia,  as  was  showTi  by  the 
characteristic  sputa,  the  dulness,  the  bronchial  breathing,  and  the 
increased  pectoral  fremitus.  This  pneumonia  may  serve  as  an  ex- 
ample of  the  correctness  of  the  opinion,  first  expressed  by  Grisolle, 
that  a  pneumonia  ma}''  appear  in  the  neighborhood  of  a  circumscribed, 
gangrenous  focus.  Empyema  then  developed,  and  not  until  then, 
four  weeks  after  the  embolism,  the  gangrene  manifested  itself  by 
the  characteristic  sputum.  After  the  empyema  had  been  evacuated 
by  surgical  means,  irrigation  of  the  thoracic  cavity  proved  that  the 
gangrenous  area  had  perforated  into  the  pleural  cavity ;  the  irrigating 
fluid  penetrated  through  the  gangrenous  ca^dty  into  the  bronchi, 
and  from  there  into  the  mouth.  The  disease  lasted  about  foiu- 
months. 

In  cases  of  uncompHcated  pulmonary  gangrene  it  is  difficult  to 
la}''  down  the  indication  for  surgical  interference,  and  especiall}^  the 
proper  time  for  this  procedure.  Tuffier  says:  "The  continuance  or 
the  repetition  of  septic  accidents,  which  must  be  ascribed  to  insuffi- 
cient evacuation  of  a  gangrenous  focus, — accidents  which  affect 
the  general  condition  of  the  patient, — have  been  the  cause  of  surgical 
interference.  The  indications  vary  according  to  the  seat  of  the  focus, 
the  severitv  of  the  symptoms,  and  the  cause  and  progress  of  the  dis- 
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ease.  In  gangrene  of  the  pulmonary  apex  the  danger  is  very  great, 
and  early  interference  is  demanded.  Gangrene  following  the  en- 
trance of  food-stuffs  or  partial  rupture  of  the  esophagus  is  generally 
so  rapidly  fatal  that  the  operation  has  always  been  performed  too 
late.  On  the  other  hand,  cases  of  diffuse  gangrene,  the  presence 
of  foci,  or  of  several  foci  in  both  lungs,  and  symptoms  of  meningitis 
or  of  brain  abscess  are  coimterindications  to  operation.  The  absence 
of  pleural  adhesions  makes  the  prognosis  more  unfavorable,  but 
must  not  deter  us  from  operation.  The  most  important  point  is  to 
perform  the  operation  at  the  earliest  possible  moment,  because  this 
will  be  the  best  guarantee  for  its  success." 

Accordingly,  it  may  well  be  maintained  that  at  present  operative 
interference,  and  especially  the  proper  time  for  operation,  are  to  a 
very  considerable  degree  matters  of  individual  opinion.  I  believe  that 
for  the  present,  in  view  of  the  advice  to  operate  early,  the  indication 
may  be  concisely  stated  as  follows :  Operative  intervention  is,  above 
all,  advisable  when  persistent  high  fever,  especially  if  accom- 
panied by  chills,  has  led  to  a  considerable  degree  of  debility,  any 
further  aggravation  of  which,  according  to  general  experience,  is 
bound  to  endanger  life ;  and  when  the  gangrenous  focus  is  so  situated 
near  the  pleura  that  there  is  good  reason  to  expect  that  it  will  be 
easy  of  access.  In  stating  the  indications  it  must  be  kept  in  view 
that  the  operation  itself  may  be  followed  by  accidents  which  are  of 
the  greatest  danger  to  life.  In  every  individual  case,  therefore, 
the  question  whether  its  course  might  not  be  more  favorable  without 
operation  is  to  be  carefully  weighed. 

The  dangers  referred  to  include  hemorrhage,  which  may  appear 
in  the  course  of,  or  after,  the  operation.  It  occurred  9  times  in  the 
74  operated  cases  on  which  TufRer  bases  his  statistics,  and  caused 
death  4  times. 

In  the  case  described  on  page  629  in  the  discussion  on  aspiration 
pneumonia  I  succeeded  in  arresting  a  severe  hemorrhage  by  packing 
the  pleural  cavity  with  a  strip  of  iodoform  gauze  large  enough  to 
fill  a  volume  of  about  500  c.c,  and  thus  brought  about  recovery. 

On  the  other  hand,  the  danger  due  to  the  absence  of  pleural 
adhesions  does  not  appear  to  be  as  great  as  is  generally  supposed. 
Among  the  74  cases  collected  by  Tuffier  the  pleural  cavity  was  com- 
pletely obliterated  54  times;  in  14  cases  the  pleura  was  not  adherent 
at  the  site  of  operation,  although  adhesions  were  present  in  the 
neighborhood;  and  in  6  cases  they  were  altogether  absent.  Two  of 
these  6  cases  terminated  fatally;  but  death  was  in  a  large  measure 
due  to  the  severity  of  the  disease  itself.  In  the  third  and  fourth 
cases  the  gangrenous  cavity  was  opened,  in  the  fifth  and  sixth  cases 
it  was  impossible  to  do  so.  In  one  of  the  two  latter  cases  spon- 
taneous rupture  of  the  gangrenous  focus  into  the  pleural  cavity  took 
place  after  two  days;  in  the  other,  pneumothorax  developed.  In 
spite  of  these  accidents,  however,  both  cases  ended  in  recovery. 

In  view  of  these  results,  and  in  view  of  the  favorable  termination, 
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as  stated  above,  in  cases  in  wliicli  an  empyema  is  present  from  the 
beginning  in  acklition  to  the  gangrenous  foci,  the  opening  of  the 
pleural  cavity  need  not  be  regarded  as  a  particuhirly  unfavorable 
complication.  At  least  it  does  not  seem  to  me  advisable  to  waste 
much  time  in  looking  for  the  gangrenous  focus  when  the  pleural 
cavity  has  been  opened. 

I  am  led  to  this  opinion  not  only  by  the  favorable  results  in  cases 
in  which  the  pleural  cavity  has  been  opened,  and  by  the  frequent 
recoveries  in  cases  complicated  by  empyema,  but  also  by  the  great 
necessity  of  abridging  the  period  of  anesthesia  as  much  as  possible 
.in  cases  of  gangrene  that  have  already  greatly  exhausted  the  patient. 
In  a  case  of  gangrene  of  the  left  lower  lobe, — which,  it  is  true,  had 
already  lasted  eight  weeks,  and  had  greatly  weakened  the  patient 
by  reason  of  the  high  fever,  the  violent  cough,  and  the  bloody  ex- 
pectoration,— I  opened  a  large  gangrenous  focus  without  loss  of 
time  and  without  difficulty ;  but,  although  the  anesthesia  lasted  at 
most  ten  minutes,  the  patient,  when  he  awoke  from  his  narcotic 
sleep,  was  completely  cyanotic,  with  extremely  small,  frequent  pulse. 
The  difference  in  the  general  condition  before  and  after  the  operation 
was  striking,  and,  in  the  absence  of  any  other  cause,  could  only  be 
attributed  to  the  effect  of  the  chloroform.  Although  the  fever  and 
the  cough  subsided  and  the  bloody  expectoration  ceased,  the  patient 
failed  to  rally.  Death  ensued  without  any  other  complication  five 
days  after  the  operation. 

The  question  as  to  the  proper  method  of  procedure  in  individual 
cases  cannot  be  regarded  as  settled. 


[NOTE  ON  THE  SURGICAL   TREATMENT   OF  SOME   PULMONARY 

AFFECTIONS. 

Surgeons  confine  themselves  to  the  treatment  of  certain  diseases 
of  the  pleura  and  to  the  treatment  of  abscess,  gangrene,  bronchi- 
ectasis, and  hydatid  disease  of  the  lung,  and  in  rare  instances  to  the 
removal  of  tumors  (see  the  treatment  of  foreign  bodies)  and  the 
drainage  of  tubercular  cavities.  The  accompanying  bibliography 
shows  their  activity  in  this  direction.  In  addition  to  Tuffier,  whom 
the  author  quotes,  we  have  reliable  information  from  the  experience 
of  Godlee,  recorded  in  the  work  of  Fowler  and  Godlee  on  diseases 
of  the  lungs.  Eisendrath's  is  the  most  recent  of  American  papers. 
But  operative  procedures  were  thought  of  as  early  as  1664.  Eisen- 
drath  points  out  that  two  periods  belong  to  pulmonary  surgery. 
The  first  ended  thirty  years  ago.  The  second  period  began  in  1873 
with  Hosier's  attempt  to  cure  abscess.  The  surgeons  subsequently 
were  fortified  by  Schmidt  and  Biondi's  experiments  on  animals, 
which  proved  that  pneumectomies  were  well  borne. 

In  the  first  period  belonged  Willis  (1664)  and  Baglivi  (1696),  the 
former  suggesting  the  possibility  of,  the  latter  recording,  a  lung 
operation. 
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Purman  (1692)  says  chest  and  lung  incisions  are  necessary  in 
hemothorax,  chest  wounds,  cavities  of  lung,  abscesses,  etc. 

Bligny  (1670)  reports  a  case  of  phthisis  which  recovered  after  an 
accidental  sabre  cut. 

Barry  (1726  and  1763)  reports  several  cases  in  which  incision 
cured  the  patient. 

Sharpe  (1769)  says  severance  of  adhesions  is  not  necessary;  the 
cavity  should  be  simply  punctured  with  a  lancet  and  drained. 

Ponteau  (1783)  and  David  (1783)  recommend  courageous  opening 
of  abscesses. 

Operation  in  Cases  of  Abscess. — Faye  (1797)  cured  an  abscess 
by  operation;  recovery  very  slow. 

Pdcherand  (1812)  and  Jaymes  (1813)  report  cured  cases. 

Bell  (1805)  reports  a  cured  case  and  several  failures. 

Callisen  (1815),  Zang  (1818),  and  Nasse  (1824  and  1844)  advise 
it;  the  latter  reports  successful  cases. 

Krimer,  Bricheton,  and  Borchert  report  favorable  and  unfavor- 
able cases;  the  former  appHed  caustic  remedies  to  the  pleura. 

Breschet  (1831),  MacLeod  (1836),  Claessens  (1839),  Hastings 
and  Stork  (1844),  Herff  (1844),  and  Colhns  (1855)  operated,  evidently 
for  emp3"ema. 

Mosler  (1874)  and  Pepper  (1874)  advocated  surgical  procedures, 
the  latter  in  tuberculosis. 

Bull  (1883) :  Large  bronchiectatic  ca\dty  of  right  base;  incision  in 
ninth  intercostal  space;  opened  lung  with  cautery  and  finger;  pus 
escapes  through  a  fistula ;  death.  Autopsy :  Numerous  bronchiectatic 
cavities. 

Smith  (1883)  operated  for  gangrene. 

Biss  (1884)  large  right-sided  bronchiectatic  caidty;  death  after. 
four  weeks.  Autopsy:  numerous  bronchiectatic  cavities;  largest 
opened;  2  brain  abscesses. 

Finny  (1884) :  Gangrene ;  opened  too  late ;  death. 

Runneberg:  Gangrene;  operation;  no  cavity  found;  death.  Nu- 
merous small  cavities  suggestive  of  one  large  ca^dty . 

To  obtain  good  results  from  surgical  procedures  a  clear  conception 
of  general  indications  for  and  against  operations  must  be  obtained. 
This  has  been  insisted  upon  by  all  surgeons.  Borchert,  for  instance, 
states  that  the  exact  situation  and  limits  of  the  lesion  must  be 
accurately  fixed.  No  other  foci  should  exist  in  the  same  or  in  the 
other  lung. 

In  acute  or  chronic  lung  ca^dties,  he  further  states,  whether 
follo^dng  upon  acute  or  chronic  inflammatory  processes,  which  show 
no  tendency  to  heal  when  medically  treated  and  are  associated  with 
suppuration,  necrosis,  and  putrefaction,  an  operation  should  be 
resorted  to.  When  there  is  danger  of  septicemia,  pyemia,  or  hemor- 
rhage, and  when  the  patient's  strength  is  becoming  undermined 
by  constant  suppuration. 

Tuffier  says  a  precise  diagnosis  and  an  early  interA^ntion  are  the 


SURGICAL  TREATMENT  OF  PULMONARY  AFFECTIONS.       773 

two  elements  for  success.  Precise  diagnosis  refers  to  the  seat  of 
the  lesion  and  its  limits.  Percussion,  auscultation,  radiography,  and 
exploratory  puncture  are  at  our  service  to  assist  us.  Regarding 
results,  he  thinks  adhesion  of  the  pleura  is  very  important,  and,  if 
not  already  existing  (it  does  in  87%),  should  be  brought  about  by 
sutures;  or,  if  no  hurry  exists,  by  the  application  of  acupuncture, 
caustics,  or  tampons  of  iodoform.     He  prefers  the  use  of  sutures. 

In  general,  we  have  three  methods  of  operating  on  the  lung. 
Konig's  classification  includes  all  pulmonary  but  no  pleural  opera- 
tions. 

1.  Subcutaneous  operation  on  diseased  lungs. 

2.  Second  method,  which  opens  and  drains  lung  ca\ities, 

3.  Third  method,  known  as  resection  of  lung. 

The  percutaneous  method  of  Guerin  (1830)  was  revived  by  Vidal 
in  1882:  "With  a  glowing  iron  or  a  Paquelin  cautery  he  touched 
the  skin  over  the  cavity  in  a  number  of  places,  producing  a  redness 
of  skin  lasting  for  hours,  not  limited  to  the  point  of  application,  wdth 
relatively  little  pain,  easily  recognizable  influence  on  symptoms,  etc. 

W.  Koch,  Hiller,  Mosler,  and  Pepper  in  the  early  seventies  injected 
subcutaneously  into  the  lung  substance  medicinal  fluids  vrith  the 
intention  of  improving  the  local  disease:  potassium  iodid  and  iodin; 
silver  nitrate;  carboUc  acid;  bichlorid  of  mercury;  salic3'Uc  acid; 
potassium  permanganate.  Mosler  cured  an  echinococcus  cyst  with 
carbolic  acid;  Maragliano,  an  abscess  of  the  lung  of  three  years' 
standing  with  silver  nitrate. 

The  second  method,  an  old  one,  was  modified  by  Mosler  and 
Hiiter  (1873),  who  were  the  first  to  dehberately  open  a  bronchiectatic 
canity  in  the  right  upper  lobe,  through  the  third  intercostal  space; 
a  drainage-tube  was  introduced,  through  which  the  pus  was  carried 
off,  and  the  ca"vdt3^  w'as  then  irrigated  with  carbolic  acid  solution. 

The  third  method,  resection,  was  made  possible  by  animal  experi- 
mentation. Gliick,  Schmidt,  Block,  and  Biondi  demonstrated  that 
portions  of  lungs  of  animals  may  be  removed  and  the  animals  live. 
Cou^y,  in  traimiatic  hernia  of  the  lung,  ligated  the  protruding  lung, 
resecting  it  on  the  third  day:  cured  after  twenty-eight  daj^s. 

Borchert  stated  very  clearly  the  method  of  operating.  It  should  be 
composed  of  two  parts:  (a)  Thoracotoni}-  and  pleurotomy;  (b)  pneu- 
motomy.  If  empyema  is  present,  this  should  be  drained  first.  If 
adhesions  exist,  both  stages  can  be  performed  at  once.  If  no  adhe- 
sions are  present,  they  must  be  produced  either  by  suturing  the 
pleura  or  by  applying  chlorid  of  zinc  paste  after  Quincke.  He  prefers 
the  former.  Thoracotomy  should  be  large — of  at  least  the  same  size 
as  the  disease  of  the  lung.  Heahng  occurs  by  granulation.  To  facili- 
tate expectoration,  the  fistula  must  at  times  be  plugged.  The  cavity 
should  not  be  washed  out,  if  it  communicates  wdth  a  bronchus. 
The  wound  must  be  kept  open  as  long  as  possible  b}^  means  of  drains 
and  tampons. 

Eisendrath  speaks  as  follows :  The  most  important  point  in  technic 
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is  to  decide  whether  adhesions  are  present  or  not;  this  cannot  be 
positively  determined,  but  in  90%  they  are  present.  Quincke  even  pro- 
duces adhesions  by  zinc  chlorid  paste,  but  this  requires  several  weeks. 
Parietal  and  visceral  pleura  are  or  may  be  sutured  during  thoracotomy 
and  pneumotomy.  Pneumothorax  is  to  be  avoided.  Several  ribs 
may  be  resected.  Fatal  hemorrhage  has  resulted  from  the  use  of  the 
exploring  needle.  A  thickened  pleura  may  interfere  with  healing  and 
may  be  removed.  Pus  may  not  immediately  appear.  The  cavity  may 
be  either  tamponed  with  gauze,  or  a  rubber  tube  may  be  used  to  prevent 
pressure  on  the  vessels.  A  secondary  empyema  simplifies  the  process. 
Irrigation  should  not  be  employed,  as  it  may  carry  pus  to  other  parts 
of  the  lung.  If  a  large  bronchus  communicates  with  the  cavity 
and  a  fistulous  tract  remains,  open  the  wound,  cauterize  the  bronchus, 
and  remove  that  portion  of  the  lung  forming  the  abscess  cavity; 
this  has  been  done  successfully  in  many  cases.  If  the  cavity  shows 
no  tendency  to  heal,  resection  of  a  number  of  ribs  and  compression 
of  that  side  of  the  thorax  have  aided  in  closing  the  same ;  if  the  fistula 
remains  open,  the  patient  can  wear  a  bottle  containing  an  antiseptic 
solution. 

The  methods  of  operation  in  gangrene  or  abscess  are  formulated 
by  Godlee:  After  localizing  the  abscess,  an  aspirating  needle  should 
be  introduced  again  and  again,  imtil  pus  is  discovered.  There  is 
danger  of  producing  septic  pleurisy.  Chloroform  is  used  as  an  anes- 
thetic, after  discovering  pus.  Ether  causes  an  increased  bronchial 
secretion,  which,  added  to  the  already  existing  discharge,  may  pro- 
duce dangerous  symptoms.  The  needle  enables  the  operator  to  find 
the  pus;  therefore  it  should  be  left  in.  Thoracotomy.  Suture  of 
pleura,  if  no  adhesions,  until  air-tight.  Pleurotomy.  Pneumotomy 
with  knife,  forceps,  or  cautery.  He  likes  forceps  best.  Antiseptic 
packing,  drainage,  and  dressing.  Frequent  washing  of  tube;  no 
washing  of  cavity,  however. 

Tumors. — Operative  measures  have  not  been  successful,  partly 
because  of  the  difficulties  of  diagnosis  and  also  for  anatomic  reasons. 
Tuffier's  operations  were  for  growths  secondary  to  those  of  the  chest- 
wall.  His  results,  he  feels,  are  encouraging,  as  four  out  of  seven 
patients  recovered.  The  tumor  and  neighboring  pulmonary  tissue 
were  removed. 

Minlichner's  case  illustrated  the  dangers,  as  the  pleura  became 
infected  and  death  resulted  twentj^-four  hours  after  operation.  The 
growth  was  a  myxochondroma  of  the  right  thorax,  attached  to  the 
lung  over  an  area  the  size  of  a  small  plate.  The  tumor  was  tied  off 
and  two  nodules  excised  from  the  upper  lobe  of  the  lung. 

The  next  operator  was  more  fortunate.  Kronlein  removed  at  a 
second  operation  a  portion  of  a  lung  for  sarcoma.  The  lung  was 
sutured  and  in  three  weeks  healing  was  complete.  The  patient  was 
alive  four  years  after  the  operation.  Kronlein  says  that  if  septic 
infection  is  prevented  the  chances  for  recovery  are  good. 

Reclus  does  not  look  upon  the  removal  of  tumors  with  favor,  for 
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an  accessible,  single,  circumscribed  tumor  is  a  great  rarity ;  no  cases 
are  reported,  to  his  knowledge.  Kronlein's  case,  he  states,  is  excep- 
tional, and  was  secondary  to  sarcoma  of  the  chest-wall. 

Pcan,  on  the  other  hand,  says  that  if  superficial  solid  tumors  of 
the  lung  are  found  they  may  be  removed.  He,  as  well  as  Kronlein, 
and  also  Konig,  have  removed  portions  of  the  chest-wall  and  metas- 
tases within  reach. 

Borchert  states  the  truth  as  follows :  No  tumors  have  been  diag- 
nosed early  enough  to  permit  a  successful  operation.  Successful  opera- 
tions for  tumors  must  therefore  be  the  exception,  and,  save  in  rare 
but  fortunate  cases,  cannot  be  advised. 

Foreign  Bodies. — Surgical  measures  to  relieve  this  condition  have 
been  spoken  of  in  the  section  devoted  to  foreign  bodies  in  the  lungs. 
Reclus  remarks  that  if  the  foreign  bod}^  becomes  encysted,  no  opera- 
tion is  required;  but  if  suppuration  sets  in,  it  must  be  treated  by 
surgical  measures.  Quincke  states  that  foreign  bodies  should  be 
removed  as  quickly  as  possible ;  the  attempt  is  imperative  if  suppura- 
tion sets  in.     Of  7  cases,  2  were  cured,  2  improved,  and  3  died. 

Freyhan's  statistics  indicate  that  an  operation  must  be  resorted 
to  early.  In  Hoffman's  collection  of  cases,  which  consists  of  147,  46 
w^re  cured  by  coughing  up  the  foreign  body ;  7  by  the  foreign  body 
rupturing  externally;  26  through  tracheotomy  and  extraction;  11 
died  in  spite  of  tracheotomy ;  1  died  in  spite  of  pneumotomy ;  52  were 
unoperated;  1  improved  unoperated;  3  uncertain  unoperated. 

If  left  to  themselves,  abscesses  due  to  foreign  bodies  will  invariably 
terminate  fatally.  Freyhan  collected  9  operated  cases;  4  died,  4 
improved,  1  cured.  He  believes  that  if  operation  were  performed 
early,  the  results  would  be  better. 

On  the  other  hand.  Fowler's  *  case  of  aspirated  tooth  is  classic 
and  encouraging:  Formation  of  abscess  in  base  of  right  lung;  pneu- 
motomy, recovery.  Moorhof  f :  Abscess  of  left  lung  following  a 
gunshot  wound,  through  which  portions  of  ribs  were  carried  into 
lung.  Abscess  opened  five  months  after  injury;  death  due  to  meta- 
static abscesses. 

Echinococcus. — ^We  have  the  authority  of  Reclus,  Thomas,  Pean, 
Doyen-Garre,  Fenger,  Freyhan,  Riidinger,  and  Borchert  in  favor  of 
operative  measures.  The  latter  author  states  that  echinococcus 
should  always  be  operated  on,  and  Rudinger  states  that  operative 
results  are  excellent.  Hosier  and  Piper  (1894)  report  twenty-one 
unoperated  cases  mth  50%  of  recoveries,  but  they  add  the  records 
of  operative  cases  with  90%  of  recoveries.  Freyhan  shows  that 
the  prognosis  is  very  bad  without  operation,  which  Taufort  cor- 
roborates in  his  paper. 

Reclus  states  that  in  hydatid  cysts  pneumotomy  is  efficacious  and 
the  operation  of  choice.  If  not  operated  on,  patients  may  recover, 
but  statistics  are  against  non-interference. 

Neisser  reports  61    untreated   cysts  with  15   recoveries  and  36 

*Tr.  Med.  and  Surg.  Soc.  Lond.,  May  31,  1874.  -fWien.  med.  Presse,  1889. 
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deaths.  Davaine  and  Hearn  believe  these  unfavorable  statistics  to 
be  due  to  expectant  treatment. 

John  D.  Thomas  reports  5  personal  and  27  collected  cases,  which 
were  operated  on:  27  recoveries,  5  deaths.  Lopez,  of  Lisbon,  36 
operations  with  31  recoveries  and  5  deaths. 

Of  simple  puncture,  Maydl  reports  in  16  cases  5  recoveries  and  11 
deaths.  Deaths  were  due  to  purulent  pleurisy,  pneumothorax,  and 
asphyxia  due  to  rupture  of  cyst  into  bronchus.  According  to  Thomas, 
abstention  gave  a  mortality  of  54%,  puncture  27%,  pneumotomy 
16%.  He  states  that  nearly  all  competent  surgeons  declare  for 
pneumotomy,  and  reports  11  interventions  for  hydatid  cyst  with  9 
recoveries  and  2  deaths.  In  several  cases  broncho-pulmonary  fistulae 
persisted  for  a  long  time.     One  death  was  due  to  asphyxia. 

Pean :  Primary  and  secondary  hydatids  should  be  opened.  Doyen 
reports  2  cures;  Jonnesco,  1  cure. 

Rose  and  Carless  * :  Incision  and  drainage  have  so  considerably 
reduced  the  mortality  that  this  method  alone  should  be  adopted. 

Regarding  the  plan  to  be  pursued,  Garre  and  Sultan  f  speak 
forcibly.     Pneumotomy  is  the  only  operation.   . 

Tuffier  and  Garre  report  79  cases:  71  cures,  8  deaths. 

Israel  formulated  the  mandate  that  puncture  of  a  hydatid  cyst 
is  not  permissible,  as  through  it  such  irritation  may  be  produced 
as  to  rupture  the  cyst  into  the  pleural  cavity.  Pneumotomy  is  not 
as  dangerous.  He  refers  to  one  case  in  which  the  patient  nearly 
died  as  a  result  of  puncture ;  recovery  followed,  however,  after  in- 
cision and  drainage. 

Fenger  and  Hollister's  case  illustrates  the  easiest  method  the 
surgeon  may  be  called  upon  to  use.  It  was  a  gangrenous  abscess  of 
the  middle  lobe  of  the  right  lung,  produced  by  suppuration  of  a  large 
echinococcus  cyst.  Opened;  drained;  sac  removed;  washed  anti- 
septically ;  recovery. 

Jones  advises  the  operation  in  two  stages,  as  is  done  in  liver 
hydatids.  He  punctures  only  under  narcosis,  as  without  it  a  cough- 
ing spell  may  rupture  the  sac  prematurely. 

Bronchiectasis. — Riidinger  well  remarks  that  the  difficulties  of 
diagnosis  are  great  and  the  chances  of  success  few,  even  if  the  diag- 
nosis is  correct,  on  account  of  multiplicity  of  cavities.  No  one  in- 
dividual experience  is  sufficient  to  form  the  basis  of  an  opinion ;  hence 
a  brief  of  the  surgeons  who  have  had  experience  is  herewith  submitted. 
As  long  ago  as  1883  Bull  operated,  although  the  patient  died.  In 
1891  Kercke  submitted  that  operation  was  permissible  if  only  one 
cavity  was  present.  Usually  foci  are  multiple,  however.  In  this 
case  pus  was  found  by  puncture,  but  at  the  operation  the  cavity 
was  not  found.  At  autopsy  numerous  cavities  were  found.  A 
pneumothorax  occurred  during  operation. 

Taufert  J  in  the  same  year  stated  that  the  prognosis  is  bad,  first, 

*  "  Surgery,"  1901.  t  Deut.  Arch.  f.  klin.  Chir.,  1902,  xxxii. 

t  "  Ueber  Lungenchirurgie." 
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because  we  never  know  wliether  one  or  more  cavities  are  present; 
second,  because  on  account  of  the  thickness  and  rigidity  of  their 
walls  and  their  position  in  the  midst  of  thickened  lung  tissue,  the 
collapse  of  the  cavity  is  prevented. 

Prior  to  this  it  was  said  b}^  Rochett  *  that  if  the  bronchiectatic 
cavity  is  single  and  large,  and  before  the  sputum  becomes  gan- 
grenous, operation  is  indicated. 

Reclus  stated  that  pneumotomy  had  not  given  good  results. 
The  cavities  which  have  been  opened  improve ;  but  there  are  usually 
so  man}'"  others,  which  have  not  been  opened.  For  a  time  only  does 
the  patient  improve.  Of  5  collected  cases,  3  recovered,  2  improved. 
Indication  for  operation:  (1)  If  the  pulmonary  excavation  is  the 
essential  lesion;  (2)  if  the  symptoms  of  putrid  absorption  dominate 
the  scene,  producing  the  fever;  (3)  if  cough  weakens  patient  on 
account  of  profuse  expectoration.  We  must  not  promise  too  much, 
and  consider  operation  only  palliative. 

Walther  reports  operation  in  1  case :  numerous  cavities.  Opening 
of  largest  one :  improvement. 

Quincke  discussed  the  subject  very  exhaustively. 

1.  Results  of  operation  are  less  favorable  than  in  acute  cases; 
still,  improvement  results  quite  often. 

2.  Fistulse  are  very  persistent,  and  are  explained  by  the  long 
existence  of  abscesses:  the  indurated  tissue  cannot  collapse. 

3.  Abscesses  and  bronchiectases  should  be  operated  on  before 
they  become  chronic. 

4.  Extensive  resection  with  possible  destruction  with  caustics 
gives  best  results. 

5.  Adhesions  are  less  frequent ;  he  advises  formation  of  adhesions, 
although  not  absolutely  necessary :  8  cases — 1  cure ;  5  improvements, 
3  with  fistulae;  2  deaths. 

6.  Operation  should  be  performed  in  chronic  abscesses  and  sac- 
cular dilatations ;  the  prognosis  is  less  good,  but  if  we  do  not  operate, 
the  condition  is  bound  to  get  worse.  If  multiple  cavities  are 
present,  little  can  be  expected,  but  they  offer  some  chances,  and 
will  get  worse  if  not  operated  on. 

Freyhan  collected  25  cases  with  13  deaths,  7  no  change,  3  improved, 
2  cured.  When  the  disease  is  unilateral,  the  prognosis  is  better  than 
when  a  bilateral  lesion  exists.  He  concludes  they  had  better  not 
be  operated  on,  unless  unilateral  type  can  be  diagnosed. 

More  recent  writers  hold  to  similar  views.  Garre  operated  upon 
35  cases;  17  cured.     Lenhartz  operated  upon  4  cases;  4  cured. 

Borchert  says  that  if  bronchiectatic  cavities  are  in  a  state  of  ulcer- 
ation and  gangrene,  if  the  size  of  the  cavity,  the  long  time  of  the 
suppuration,  and  the  large  amount  of  pus  cause  debilit}'  and  threaten 
amyloid  degeneration,  the  cavities  should  be  operated  upon. 

Carless  and  Rose  state  that  if  a  single  dilatation  exists  with  a 
good  deal  of  fetid  secretion,  expelled  with  difficulty,  operation  may 

*  Wien.  med.  Presse,  1886,  1266. 
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be  useful.     If  many  cavities  are  present,  but  little  benefit  can  be 
expected. 

Garre  reports  5  cases :  3  died  within  a  short  time,  1  died  within  a 
few  months.  Discouraging,  were  it  not  for  the  knowledge  that  with 
the  disease  they  cannot  live  long.  He  thinks  pneumotomy  should 
not  be  performed.  Of  59  collected  operations,  21  died.  Quincke's 
operation — removal  of  the  overlying  chest-wall  without  pneumotomy 
— would  probably  be  the  best  procedure.  It  gives  the  lung  a  chance 
to  collapse. 

[SURGICAL  TREATMENT  OF  ABSCESS  OF  THE  LUNG. 

Pulmonary  Abscess. — We  cannot  allow  this  affection  to  progress, 
if  sure  of  the  diagnosis,  without  surgical  interference.  This  is  positive 
if  the  abscess  is  single,  if  it  is  at  the  base  of  the  lung,  and  if  the 
drainage  by  the  bronchial  tubes  is  poor.  Moreover,  all  surgeons 
agree  the  operation  should  be  performed  as  soon  as  the  diagnosis 
is  made. 

Rose  and  Carless  believe  abscesses  following  pneumonia  should 
always  be  operated  upon.  Eisendrath  advises  in  acute  abscess  to 
wait  four  to  six  weeks,  in  the  hope  that  nature  may  bring  relief. 
Freyhan  insists  on  early  operation  because  then  the  prognosis  is  very 
good ;  it  is,  on  the  other  hand,  very  bad  in  chronic  cases.  Borchert 
believes  an  operation  is  justified  with  or  without  empyema.  He 
thinks  the  surgeon  should  not  wait  too  long,  but  if  acute  suppuration 
prevails,  with  high  fever,  a  tendency  to  hemorrhage,  the  occurrence  of 
septicemia  or  pyemia,  and  the  onset  of  exhaustion,  an  operation  should 
be  undertaken  at  once.  Riidinger*  operates  as  soon  as  diagnosed, 
whether  the  abscess  is  superficial  or  deep.  The  operation  may  be 
done  in  two  sittings  if  pleural  adhesions  are  not  present. 

Garre  advocates  early  operation.  Reclus  states  that  while  small 
abscesses  may  become  absorbed,  and  large  abscesses  without  diver- 
ticula and  with  free  opening  into  a  bronchus  may  cicatrize,  cavities 
large  in  size,  irregular  in  outline,  situated  in  the  base  of  the  lung, 
with  poor  egress  for  pus,  must  be  operated  on.  Deep  situation  of 
the  abscess  and  absence  of  adhesions  must  not  deter.  The  indica- 
tions are  the  above-described  abscesses ;  the  contraindications  for  op- 
eration arise  from  the  small  size  of  the  abscesses,  their  lack  of  ten- 
dency to  cicatrize,  and  the  presence  of  free  drainage.  He  operated 
23  times  with  13  recoveries  and  3  deaths.  Reclus  points  out  that 
men  recover  easier  than  women.  Twenty  of  twenty-three  of  his 
cases  recovered. 

Garre  collected  96  cases  of  operated  abscess  with  a  cure  of  77  and 
a  mortality  of  19.  That  the  results  are  encouraging  one  can  gather 
from  the  statistics  of  Eisendrath.  Of  the  large  number  of  cases  col- 
lected by  him,  about  85%  recovered  from  the  operation.  When 
one  considers  how  prolonged  and  how  fraught  with  dangers  of  all 
*Deut.  Arch.  /.  klin.  Med.,  1887,  xli. 
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kinds  an  illness  from  pulmonary  abscess  is,  and  liow  little  risk  appar- 
ently attends  operation,  one  can  readih'  subscribe  to  the  proposition 
to  operate  on  all  cases  at  once,  if  there  ar(>  alarming  or  even  moder- 
ately severe  symptoms,  or  to  delay  operation  only  in  cases  in  which 
we  recognize  free  drainage  from  the  abscess.  One  need  not,  appar- 
ently, have  the  dread  of  pneumonia,  as  in  operations  for  removal  of 
foreign  bodies.  We  do  not  read  of  this  occurrence  in  abscess;  we 
are  taught  to  dread  it  in  foreign-body  operations.  The  danger  is 
less,  moreover,  in  those  cases  in  which  the  abscess  is  the  result  of 
pneumonia.  Thus,  of  17%  of  the  cases  of  Reclus,  14  recovered.  In 
Eisendrath's  collection  the  abscesses  due  to  the  pneumococcus  infec- 
tion were  in  great  excess,  and  the  mortality  lower  than  all  others. 

A  review  of  the  literature  shows  that  surgeons  have  considered 
it  essential  to  weigh  the  following  circumstances: 

1.  Naturally,  {a)  the  diagnosis  of  abscess,  including  its  distinc- 
tion from  tuberculosis,  gangrene,  bronchiectasis,  and  empyema ;  (6) 
its  cause,  as  influencing  treatment  and  prognosis;  (c)  its  accompani- 
ments, whether  single  or  multiple.  The  reader  is  referred  to  the  text 
for  a  consideration  of  these  questions. 

2.  The  indications  and  contraindications  for  operation.  The 
presence  of  a  single  abscess  is  of  itself  an  indication  for  operation, 
if  it  occurs  in  an  operative  subject.  No  other  indications  need  be 
discussed.  However,  it  is  just  to  remember  that  the  chance  for 
recovery  in  a  pulmonary  abscess,  if  not  favorabh^  situated,  is  better 
if  the  operation  is  delayed  until  the  question  of  free  drainage  is  de- 
cided. In  an  abscess  at  the  base  that  has  been  reached  by  a  needle, 
the  patient  is  safer  in  the  hands  of  the  surgeon  than  if  left  to  nature. 

3.  If  the  operation  is  indicated,  shall  we  wait  for  adhesions  to 
form,  or  form  them  artificially?  It  seems  that  such  delay  is  not 
necessary  with  our  present  operative  technique.  Notwithstanding 
the  authority  of  Quincke,  we  would  prefer  to  follow  the  advice  of 
Riidinger,  and  operate  at  once. 

4.  The  chronicity  of  the  abscess  increases  the  danger  and  lessens 
the  liability  to  recover.  The  experience  of  Hearn  and  Roe  is  encour- 
aging, however,  for  they  succeeded  in  curing  an  abscess  of  two  years' 
duration  which  eluded  detection  in  three  attempts  to  find  it. — Ed.] 


[  SURGICAL  TREATMENT  OF  GANGRENE  OF  THE  LUNG. 

Gangrene  of  the  Lung. — As  with  abscess,  so  with  gangrene,  prac- 
tically the  same  considerations  obtain.  Given  a  single  focus,  in  an 
operative  region  and  in  an  operative  subject,  the  diagnosis  is  suffi- 
cient warrant  for  an  operation.  Indeed,  we  should  go  further  in  this 
statement,  and  in  a  proper  subject  hunt  for  further  trouble  if  there 
were  indications  of  at  least  two  foci.  As  Rochester  points  out,  delays 
are  even  attended  b}'  greater  dangers  than  in  abscess.  The  famous 
case  of  Osier  and  Cans  shows  that  one  need  not  be  deterred  from 
excising  large  areas  of  sloughing  tissue. — Ed.] 
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A.  ACUTE  AND  CHRONIC  INFLAMMATION;  TUMORS. 

L  INTRODUCTION. 

The  development  of  the  doctrine  of  pleurisy  reflects  a  true  picture 
of  the  history  of  clinical  medicine  and  the  theories  which  dominated 
it;  nowhere  else  do  we  see  so  clearly  the  influence  of  the  theoretic 
and  the  empirical,  the  localizing  and  the  generahzing,  schools. 

While  some  regard  only  the  general  cHnical  picture  and  view  the 
local  phenomena  merely  as  the  accidental  expression  of  a  change  in 
the  constitution  and  in  the  interchange  of  body-juices,  others  seek  the 
true  nature  of  the  disease  in  the  local  process,  and  accordingly  at- 
tempt to  determine  the  local  signs  of  the  disease  and  by  them  to 
explain  the  processes  going  on  in  the  tissues.  While  in  the  past 
one  school  considered  the  tissue  changes  in  the  pleura  equal  in  kind 
and  degree  to  the  changes  in  the  pulmonary  tissue  itself,  and  accord- 
ingly were  led  to  exaggerate  the  importance  of  the  general  symptoms 
at  the  expense  of  those  of  the  local  affection;  the  other  school  went  to 
the  opposite  extreme,  and,  in  attempting  to  account  for  all  the  signs 
of  an  altered  reaction,  created  an  endless  number  of  different  forms 
of  the  disease — new  species,  as  it  were,  of  an  artificial  s^'stem. 

When  clinical  medicine  was  dominated  by  the  teachings  of  patho- 
logic anatomy,  this  attempt  reached  its  highest  development.  In  the 
effort  to  make  the  results  of  clinical  examination,  which  at  best  present 
a  monotonous  uniformity,  harmonize  -^"ith  the  rich  variety  of  anatomic 
pictures,  the  'uidest  limits  of  possibility  were  reached  and  an  attempt 
was  made  to  resolve  the  few  main  classes  of  clinical  signs  into  a  host 
of  unimportant  particularities,  as  if  a  correspondence  existed  between 
the  symptoms  of  the  A-isible  alteration — the  tissue  reaction  and  the 
outward  appreciable  change  in  function  (the  extrinsic  work) — and 
the  alteration  in  the  intrinsic,  invisible  work  of  the  tissue,  the  amount 
of  force  produced,  and  the  amount  of  energy  expended, — in  other 
words,  the  output. 

"UTien  the  new  methods  of  diagnosis,  auscultation  and  percussion, 
jdelded  such  remarkable  additions  to  our  knowledge  of  the  general 
symptoms  by  disclosing  the  local  conditions,  it  was  believed  that 
prognosis  and  treatment  might  be  directly  deduced  from  the  physical 
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changes.  The  utter  failure  to  recognize  the  important  fact  that  a 
physical  explanation  of  the  phenomena  implies  a  thorough  knowledge 
of  dynamic  and  biologic  processes,  the  relation  between  visible  work 
or  reaction,  and  invisible  work,  resulting  in  the  production  of  energy, 
naturally  led  to  the  erroneous  belief  that  the  changes  in  volume, 
consistency,  and  power  of  motion  of  the  tissues  and  organs  appreci- 
able by  physical  means,  the  condition,  in  short,  which  we  term 
tissue  disturbance,  functional  anomaly,  or  sympto77i,  was  identical 
-with  the  intrinsic  processes  of  energy  production.  But  a  simple  con- 
sideration of  the  actual  facts  teaches  that  the  visible  work  can  only 
correspond  to  an  equal  change  in  the  equilibrium  when  the  power 
of  reacting,  the  original  irritability,  the  relation  between  nervous 
discharge  and  work  production,  remain  the  same.  To  attempt  to 
judge  of  the  amount  of  energy  used  up  and  available  in  the  organ- 
ism by  the  degree  or  kind  of  reaction  present  would  be  about  as 
erroneous  as  to  attempt  to  deduce  from  the  loudness  and  nature  of  a 
report  the  strength  of  the  discharge  or  the  nature  and  size  of  the  sub- 
stratum which  produces  the  sound-waves  or  even  the  number  of 
possible  detonations. 

After  a  period  of  unbridled  enthusiasm  the  observations  and 
critical  analyses  of  impartial  investigators,  as  was  to  be  expected, 
gradually  reduced  our  methods  of  diagnosis  to  their  true  value  and 
showed  the  difficulty  of  arriving  at  a  correct  judgment  in  regard 
to  changes  in  function  by  a  mere  consideration  of  certain  acoustic 
phenomena.  The  conviction  was  gradually  reached  that  none  of  the 
methods  afforded  pathognomonic  signs,  that  is  to  say,  such  as  per- 
mitted a  simple  and  direct  conclusion,  and  that  the  sign  in  itself  is 
of  secondary  importance.  It  is  the  combination  of  all  the  signs,  and 
the  synthetic  and  analytic  ability  on  the  part  of  the  observer,  that 
are  required  to  produce  the  true  chnical  picture,  just  as  the  perfect 
understanding  of  a  thing  or  process  depends  on  the  number  of  essen- 
tial qualities  known  and  the  power  of  uniting  them  into  a  harmonious 
whole. 

In  spite  of  all  this,  in  spite  of  the  periodic  oscillations  from  the 
extreme  of  optimism  to  the  extreme  of  pessimism  in  regard  to  the 
latest  method,  which  to  the  student  of  medicine  is  merely  the  mile- 
stone of  a  new  epoch,  new  methods  are  constantly  being  promulgated 
and  greeted  with  the  same  enthusiasm.  The  search  for  the  pathog- 
nomonic symptom  has  never  been  abandoned,  and  we  still  hope 
to  solve  the  riddle  of  energy  production  and  conversion  and  of  the 
primary  nervous  discharges  in  the  old  way  and  to  deduce  the  changes 
in  the  intrinsic  work  from  the  results  of  extrinsic  work,  the  visible 
reaction,  although  in  the  various  forms  of  reaction  only  a  very  small 
part  of  the  coarsest  changes  become  manifest.  In  a  word,  the  visible 
work,  measured  by  the  energ}'  required  to  perform  it,  is  no  more  than 
the  final  account  of  the  expenditure  in  vital  force,  the  individual 
items  of  which  are  just  as  much  hidden  as  are  the  amomit  of  the 
reserve  fund  and  the  individual  items  of  the  income  of  vital  energy 
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(by  waves  of  light,  heat,  sound,  and  other  waves  that  reach  the 
organs  of  sense). 

Again,  it  was  thought  that  the  veil  was  about  to  be  Ufted  when 
bacteriology  promised  to  solve  the  mystery  of  the  origin  of  functional 
alterations,  in  other  words,  to  isolate  the  long-looked-f(jr  etiologic 
unity,  the  primary  cause  or  irritant.  The  conviction  that  it  was 
possible  to  find  a  definite  cause  for  disease  promised  to  satisfy  all  the 
demands  of  the  physician,  and  thus  the  demonstration  of  certain 
forms  of  micro-organisms  appeared  to  solve  in  the  simplest  way  the 
problems  of  diagnosis,  prognosis,  and  treatment. 

This  hope,  however,  was  again  nipped  in  the  bud  by  impartial 
clinical  observation,  and  it  now  appears  that  the  pathognomonic 
symptom  existed  onh'  in  the  imagination  of  those  who  cannot  and  will 
not  comprehend  that  the  alterations  in  the  internal  work  (the  produc- 
tion of  the  forces  which  accomplish  the  cohesion  of  the  organism) 
are  only  imperfectly  manifested  in  the  sum  of  individual  reactions 
which  we  call  disease  or  morbid  process.  To  determine  by  the  kind 
and  amount  of  this  extrinsic  work — the  visible  symptoms — the 
amount  of  energy  stored  up  which  makes  possible  the  conversion 
of  the  vital  forces,  and  hence  the  maintenance  of  the  machine,  is 
no  more  possible  than  it  is  to  determine  the  specific  heat  or  capacity 
for  heat  of  a  body  by  the  amount  of  heat  radiating  from  it.  Unless 
the  specific  heat  is  known,  neither  the  amount  of  heat  present  nor 
the  amount  of  work  that  has  been  or  can  be  performed  can  be  ascer- 
tained. Unless  we  know  the  disposition, — that  is,  the  excitability 
of  the  organism, — we  cannot  estimate  the  significance  of  a  single 
output  or  symptom. 

Since,  then,  the  visible  reaction  is  the  result  of  invisible  causes, 
and  the  in\dsible  ability  to  develop  energ}^,  or,  to  use  medical  terms, 
since  the  symptom  merely  represents  the  product  of  irritant  and  dis- 
position, the  solution  of  this  equation  wAih  two  unknown  quantities 
must  necessarily  yield  an  endless  variety  of  answers.  The  same 
irritant  with  a  different  disposition  -^dll  produce  as  man}^  different 
forms  of  reaction  as  the  same  disposition  with  different  irritants. 

Since,  therefore,  what  we  recognize  as  reaction  requires  only  a 
part  of  the  energy  present,  and  merely  represents  that  part  of  the 
process  which  can  be  appreciated  by  physical  means, — just  as  it  is 
impossible  to  deduce  from  the  amount  of  radiating  heat  the  degree 
and  kind  of  the  process  which  produces  the  heat,  or  to  deduce  from 
the  amount  of  work  performed  the  conversion  and  ultimate  capacity 
for  work  of  the  processes  which  produce  the  energy  of  motion, — the 
result  of  a  single  method  of  investigation,  the  form  of  reaction,  or  the 
individual  symptoms  can  be  utilized  as  a  basis  for  judging  an  indi- 
vidual case  only  when  the  amount  of  local  and  general  disposition 
or  the  intensity  of  the  irritant  is  known. 

The  same  form  and  an  equal  number  of  micro-organisms  must 
produce  different  symptoms  and  different  clinical  pictures,  according 
to  the  disposition,  just  as  different  forms  and  numbers  of  micro- 
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organisms  may  produce  the  same  phenomena  if  there  is  a  correspond- 
ing variation  in  the  power  of  reaction.  During  the  era  of  injection 
with  tuberculin  a  good  opportunity  was  afforded  for  studying  the 
differences  in  reaction  produced  by  differences  in  disposition;  the 
dose  of  the  irritant  (the  tubercuhn)  could  be  regulated  at  will,  and 
the  extent  of  the  reaction,  and  especially  the  febrile  reaction,  could 
be  carefully  determined. 

Hence  it  is  not  the  finding  of  certain  species  of  micro-organisms, 
but  the  extent  of  the  irritability  by  the  foreign  bodies  and  their 
products, — in  a  word,  the  disposition, — that  is  the  essential  point 
both  in  making  the  diagnosis  and  in  laying  down  the  treatment; 
but  the  disposition  can  only  be  judged  by  clinical  means.  The 
demonstration  of  micro-organisms  is  not  without  a  certain  value. 
Thus,  for  instance,  the  presence  of  tubercle  bacilli  in  the  sputum 
proves  that  there  is  a  certain  loss  of  resistance  in  the  pulmonary 
tissue  indicating  the  probability  of  further  tissue  changes  and  furnish- 
ing evidence  that  the  soil  is  also  favorable  for  the  growth  of  pus- 
producing  micro-organisms. 

But  can  the  different  species  of  micro-organisms  be  utilized  as  a 
basis  for  classification  without  at  least  the  same  limitations  that  are 
necessary  for  other  irritants?  A  system  reared  on  such  a  basis  is 
at  best  an  artificial  one.  A  natural  system  can  be  built  up  only  on 
the  basis  of  functional  diagnosis  and  by  taking  due  account  of  the 
various  amounts  and  forms  of  energy  that  enter  into  the  consideration. 
But,  hampered  as  we  are  by  unnatural  classifications  and  the  lack 
of  proper  methods  for  measuring  the  amount  of  essential  work  per- 
formed, we  are  still  far  removed  from  such  a  method  of  studying 
disease.  We  content  ourselves  with  regarding  the  forms  of  disease 
as  permanent  phenomena,  or  conditions  to  be  permanently  fixed  by 
a  more  or  less  descriptive  appellation;  as  if  a  satisfying  knowledge 
of  the  process  could  be  arrived  at  by  such  a  method  of  labeling, 
whereas,  as  a  matter  of  fact,  we  are  simply  confining  the  countless 
variety  of  processes  constantly  going  on  in  the  body  within  the  narrow 
bounds  of  the  systematic  text-book. 

To  develop  these  points  of  view  as  fully  as  they  deserve  at  this 
beginning  of  a  new  epoch  in  medicine  would  carry  me  beyond  the 
limits  of  the  present  article.  I  wish  merely  to  point  out  how  difficult  it 
is  to  judge  of  the  process  in  the  healthy  and  in  the  diseased  organism 
if  we  regard  health  and  disease  merely  as  special  manifestations  of 
energy  in  the  organism  and  not  as  the  object  of  scholastic  definitions, 
which,  starting  from  a  non-essential  standpoint,  are  necessarily  vague, 
and  have  already  lost  their  value,  since  they  do  not  reproduce  the 
vital  processes,  but  are  mere  abstract  ideas  intended  to  satisfy  the 
need  of  the  human  mind  for  generalization. 

Medicine  will  always  be  the  art  of  deducing  correct  conclusions 
in  regard  to  the  energy-balance  of  the  body  from  a  number  of  facts 
collected  from  different  quarters  and  different  points  of  view.  The 
experience  of  centuries  cannot  be  discarded,  and  we  constantly  return 
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to  the  ideas  which  have  stood  the  test  of  time  and  have  shown  them- 
selves to  be  at  least  approximately  true. 

Among  the  most  trustworthy  results  of  experience  are  the  im- 
portance of  disposition  and  th(>  fallacy  of  pathognomonic  symjjtoms. 

Any  one  who  attempts  to  judge  a  complex  of  processes  which  we 
call  disease  by  a  single  symptom  or  the  result  of  a  single  method  is 
as  much  in  error  as  he  who  would  attribute  a  certain  degree  of  tem- 
perature of  a  body  to  the  combustion  of  a  certain  quantity  of  coal, 
whereas  both  the  forms  of  heat-production  and  the  amount  of  radiat- 
ing heat  are  subject  to  wdde  variations. 

It  is  to  be  hoped  that  the  time  is  not  far  off  when  it  will  again 
be  recognized  that  those  who  regard  only  the  local  condition  or  a 
pathognomonic  symptom  are  as  much  in  error  as  those  who  take 
account  onlj^  of  the  general  morbid  condition,  and  accord  to  a  single 
(general)  sj-mptom — such  as  fever,  for  instance — an  absolute  value 
as  a  criterion  in  judging  of  the  prognosis  and  planning  the  treatment. 

The  most  vigorous  patient  may  be  destroyed  or  at  least  greatly 
injured  by  a  purulent  or  a  putrid  exudate,  if  local  diagnosis  by  means 
of  exploratory  puncture  or  operation  were  to  be  delayed  because  the 
general  symptoms  did  not  appear  to  indicate  the  necessity  of  speedy 
intervention,  because  the  general  condition  was  tolerably  good,  and 
the  temperature  approximately  normal. 

Just  as  little  can  the  true  state  of  the  patient  be  determined  by  a 
mere  investigation  of  the  local  condition,  for  even  a  small  exudate 
may  be  extremely  dangerous,  and  a  large  one  relatively  harmless. 
Many  a  purulent  or  putrid  exudate  in  the  hands  of  an  experienced 
physician  will  end  in  recovery  sooner  than  a  serous  exudate  which 
has  laid  the  foundation  for  a  chronic  process  in  the  lungs. 

The  highest  medical  art  demands  that  the  general  condition  be 
not  forgotten  in  the  search  for  local  changes,  and,  again,  that  the 
proper  relations  between  the  recognizable  local  conditions  and  the 
general  reaction  be  determined  by  what  is  known  in  regard  to  dis- 
position. A  temperature  of  40°  C.  (104°  F.)  in  a  child  is  often  less 
significant  than  a  slight  chill  in  an  adult,  and  it  is  well  known  that 
a  clouded  brain  in  children  often  means  no  more  than  a  profound 
sleep  in  an  adult. 

It  is  the  part  of  true  medical  insight  to  regard  the  symptoms 
not  as  the  true  nature  of  the  disease,  but  merely  as  an  imperfect 
picture  and  index  of  the  alterations  in  the  intrinsic  work,  and  to 
determine  the  extent  of  disposition  by  carefully  observing  the  effect 
of  various  irritants;  for  a  knowledge  of  the  disposition  is  absolutely 
necessary  to  determine  whether  the  reaction  is  sthenic  or  asthenic. 
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n.  HISTORICAL. 

Inflammation  of  both  layers  of  the  pleura,  also  called  peripneu- 
monia, was  not  always  recognized  as  an  independent  disease  by 
classical  medical  writers  of  the  eighteenth  century,  notwithstanding 
the  fact  that  in  the  writings  of  Hippocrates  it  had  already  been  ac- 
corded an  independent  position,  at  least  so  far  as  the  suppurative 
form  is  concerned.  Sydenham,  ^  *  for  instance,  regarded  pleuritis  and 
pneumonia  as  expressions  of  a  blood  disease  becoming  localized 
either  in  the  lung  or  in  the  pleura.  Boerhave  appears  to  have  been 
the  first  to  attempt  an  accurate  distinction  between  pleuritis  and 
the  diseases  of  the  pulmonarj^  tissue. 

Although  numerous  observations  on  the  treatment,  course,  and 
termination  of  purulent  pleurisy  are  found  in  the  writings  of  the  older 
authors;  although  Baglivi^  described  a  form  of  latent  pleurisy,  and 
Auenbrugger,  the  talented  founder  of  percussion,  had  contributed 
several  important  diagnostic  signs  based  on  percussion,  it  may  never- 
theless be  said  that  the  history  of  pleurisy  as  a  new  and  independent 
nosologic  species  dates  from  the  time  of  Laennec's^  investigations. 
This  great  clinician  has  left  us  the  frame  and  cliief  lines  of  one  of 
the  clearest  pictures  that  have  ever  been  given,  and,  notwithstand- 
ing a  number  of  more  or  less  essential  additions,  it  maintains  its 
position  to  the  present  day. 

The  great  progress  in  pathologic  anatomy  favored  the  belief  that 
the  visible  alterations  in  the  tissue  observed  at  the  postmortem 
table  represented  the  cause  and  true  nature  of  the  disease,  and  led 
to  the  hope  that  a  further  perfection  of  the  so-called  physical  methods 
of  examination,  based  on  pathologic  anatom}^,  would  reveal  the 
actual  character  of  the  different  alterations  in  the  tissue.  As  a 
natural  result  of  these  efforts  and  of  the  great  variety  of  morbid 
symptoms  observed,  new  divisions  of  the  morbid  process,  based  on 
signs  which  were  frequently  unessential,  were  constant^  made  with- 
out due  regard  to  the  alterations  in  the  function  and  other  important 
physiologic  processes. 

The  earliest  advances  are  marked  b}^  the  work  of  Wintrich,^ 
which  still  remains  a  mine  of  experimental  and  clinical  observation 
and  a  pattern  of  the  most  scientific  method  of  clinical  investigation, 
inasmuch  as  it  recognizes  all  the  various  methods  as  equally  legitimate, 
but  not  necessarily  equally  valuable.  Later  Skoda  ^  and  Traube,® 
the  value  of  whose  contributions  to  the  science  of  physical  diagnosis 
is  indisputable,  added  their  quota  to  the  symptomatology  of  pleurisy. 

In  some  of  the  more  recent  experimental  and  clinical  studies  the 
attempt  has  been  made  to  investigate  the  effects  of  pressure,  circu- 
lation, and  absorption  in  the  pleural  cavity  and  in  the  lung,  as  modi- 
fied by  the  presence  of  exudates,  and  to  determine  the  chemical 
composition  of  the  exudates  themselves  so  as  to  obtain  new  data 

*  The  small  figures  throughout  text  refer  to  the  various  subdivisions  of  the 
Bibliography,  beginning  on  page  962. 
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for  the  proper  interpretation  of  individual  conditions  and  the  appro- 
priate medicinal  treatment. 

Among  these  are  to  be  mentioned  the  work  of  ierber,"  who  has 
given  a  minute  description  of  the  physical  signs;  that  of  Garland,^ 
which  refers  particularly  to  the  mechanical  jjrohlcms  involved;  and 
that  of  Lichtheim,^  who  stutlietl  the  changes  in  blood  pressure  pro- 
duecd  by  occlusion  of  the  pulmonar}^  blood-vessels.  Leyden,^  Schrei- 
ber/  and  others  made  careful  manometric  in^'estigations  on  their 
patients.  Rosenbach  ^  has  contributed  a  critical  discussion  of  the 
experimental  work  on  changes  of  pressure  in  the  pleural  cavity, 
in  which  he  anah'zes  the  results  of  a  long  series  of  experiments  and 
clinical  observations. 

During  the  past  decade  the  hacteriologic  aspect  of  the  question 
has  been  carefully  worked  up,  especially  in  the  writings  of  A.  Fraenkel  '" 
and  Xetter.^ 

The  tremendous  advance  in  surgical  methods  during  the  past 
thirty  3^ears  led  to  the  publication  of  an  extraordinarily  great  number 
of  articles  devoted  to  the  operative  treatment  of  pleurisy.  The 
greatest  advances  in  this  field  are  coupled  with  the  names  of  Trous- 
seau,^ Traube/  KussmauV^  Dieulafoy,^^  Bowditch/^  and  Biilau.^^ 
The  method  of  operating  by  means  of  simple  thoracotom}^,  reserving 
resection  of  the  ribs  for  rare  cases,  found  its  principal  advocate  in 
Rosenbach, ^^  who  was  also  the  first  to  ach'ise  against  the  use  of  irriga- 
tion in  the  after-treatment  and  to  recommend  the  use  of  iodoform. 

Two  monographs — that  of  Frantzel,  ^  published  twenty  years  ago, 
and  Gerhardt's  ^  paper,  which  appeared  recently — are  remarkable  for 
their  wealth  of  clinical  experience  and  contain  a  most  instructive 
sm-vey  of  the  state  of  our  knowledge  and  the  fluctuation  of  opinions 
on  the  most  important  questions. 

In  concluchng  this  short  historical  re\'iew,  we  ma}"  mention  as  the 
most  important  advance  in  chagnosis  during  recent  times  the  intro- 
duction of  exploratory  puncture. 

The  introduction  of  this  method,  which  we  owe  to  C.  A.  Ewald 
more  than  to  anj^  one  else,  marks  a  new  epoch  in  the  diagnosis,  prog- 
nosis, and  treatment  of  diseases  of  the  pleura,  and  although  it  must 
be  emphasized  that  exploratory-  puncture,  like  all  other  methods, 
is  not  always  absolutely  conclusive,  it  is,  nevertheless,  in  the  hands 
of  a  skilful  and  experienced  physician,  the  only  method  of  procuring 
the  material  necessary  for  arri\dng  at  a  definite  conclusion  with 
rapidity,  and  at  least  comparative  certainty,  in  cases  where  the  whole 
array  of  ambiguous  symptoms  obtained  by  the  older  methods  would 
not  suffice  to  guard  against  error. 

m.  PATHOGENESIS  AND  GENERAL  ETIOLOGY. 

Inflammation  of  the  pleura,  pleurisy,  or  pleuritis  fin  French, 
pleuresie),  is,  in  its  milder  forms,  one  of  the  commonest  of  all  diseases. 
Changes  in  the  pleura  belong  to  the  commonest  alterations  found  at 
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autopsies.  Any  variety  or  grade  of  inflammatory  product,  from  a 
delicate  ''breath-like"  opacity  and  slight,  barely  perceptible  deposit, 
to  solid  plates  an  inch  in  thickness  and  covering  the  entire  pleura, — 
from  flocculent,  irregular  adhesions  that  are  readily  torn  to  a  dense 
formation  of  connective  tissue  completely  gluing  together  the  entire 
pleural  sac, — from  a  few  drops  of  limpid  fluid  to  many  liters  of  puru- 
lent or  putrid  contents, — from  the  faintest,  barely  perceptible  ecchy- 
mosis  to  an  extensive  hemorrhagic  exudate  have  been  observed. 

Interesting  as  the  wide  variations  in  the  tissue  changes  may  be 
to  the  histologist,  their  interest  to  the  clinician  and  practising  physi- 
cian must  necessarily  be  restricted,  for  the  functional  disturbances 
depend  on  a  wholly  different  array  of  factors,  and  the  same  histologic 
changes  do  not  always  possess  the  same  clinical  significance,  or  at 
least  are  only  found  associated  with  the  same  symptoms.  For  this 
reason  I  shall  not  attempt  a  special  description  of  the  morbid  changes 
according  to  the  classification  commonly  found  in  text-books  on 
pathology.  The  histologic  changes  will  be  described  only  when  they 
afford  important  data  for  diagnosis  and  treatment. 

Age  and  Sex. — Changes  in  the  pleura  occur  during  embryonal 
life,  and  are  quite  frequent  during  the  first  years  after  birth.  Sex 
does  not  appear  to  exert  any  influence ;  in  extreme  old  age  a  ter- 
minal pleurisy,  barely  distinguishable  from  hydrothorax,  is  almost  as 
common  an  occurrence  as  hypostatic  pneumonia. 

The  contention  of  a  few  authors  that  pleurisy  affects  chiefly  the 
left  side  is  not  confirmed  by  my  observations.  It  may  be  the  case 
in  certain  forms  of  tuberculosis,  but  the  difficulties  of  obtaining 
reliable  statistics  on  the  question  are  obvious,  as  it  is  impossible  to 
determine  at  the  autopsy  whether,  in  an  apparently  normal  pleura, 
a  mild  or  even  a  severe  attack  of  pleurisy  may  not  have  been  present 
without  leaving  a  trace,  and,  on  the  other  hand,  investigations  pur- 
sued on  the  living  subject  may  fail  to  reveal  a  number  of  morbid 
conditions  on  account  of  the  mild  nature  of  the  symptoms. 

In  organic  hemiplegia,  after  cerebral  disease,  0.  Rosenbach  has  shown 
that  the  paralyzed  half  of  the  body  is  almost  exclusively  the  seat  of  pleural 
or  pulmonary  disease.  He  attributes  this  either  to  a  diminution  in  reflex 
activity  of  the  paralyzed  side,  or  to  trophic  influences  associated  with 
the  decay  of  cerebral  innervation.  It  is  a  well-known  fact  that  both 
the  reflex  and  the  voluntary  portions  of  respiratory  activity  in  such  cases 
are  much  weaker  in  the  paralyzed  than  in  the  sound  half  of  the  body, 
both  immediately  after  the  insult  and  for  some  time  afterward. 

Localization. — Owing  to  our  deeply  rooted  craving  for  a  local- 
izing diagnosis,  we  speak  of  double,  pericardial,  diaphragmatic, 
mediastinal,  apical,  and  intralobar  pleurisy  (see  page  894). 

So-called  "occult  pleurisy"  formerly  enjoyed  considerable  reputation. 
It  cannot,  of  course,  be  regarded  as  a  special  variety,  and  merely  indicates 
the  incompleteness  of  our  methods  of  diagnosis,  a  certain  superficiality 
on  the  part  of  the  examiner,  or  a  diminished  reaction  in  the  patient. 
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Double  pleurisy  is  frequently  observed  in  experiments  on  animals, 
but  comparativel}'  rarely  in  living  subjects,  probably  because  the 
healthy  pleura  of  an  animal,  after  forcible  introduction  of  relatively 
large  masses  of  material  calculated  to  produce  inflammation  or  suppu- 
ration, offers  conditions  of  absorption  and  irritation  very  different 
from  those  of  a  pleura  that  has  become  diseased  in  the  ordinary  way. 
It  may  be  assumed  in  general  that  in  this  case  the  irritation  is  so  slight 
in  proportion  to  the  amount  of  actual  resistance  that  every  means 
of  protection  is  called  into  play,  so  that  the  irritative  material  is  pre- 
vented from  spreading  beyond  the  point  originally  attacked. 

Double  pleuris}'  is  relatively  frequent  in  systemic  and  in  infectious 
diseases,  in  tuberculosis,  carcinoma,  sepsis,  pulmonary  infarcts,  and 
after  double  pneumonia. 

Pericardial  pleurisy,  which  obviously  may  have  its  seat  in  any 
portion  of  the  outer  surface  of  the  pericardium  bounded  b}^  pleural 
tissue,  assumes  a  serious  aspect  on  accomit  of  the — very  much  ex- 
aggerated— danger  that  the  process  may  suddenly  extend  to  the 
inner  surface  of  the  pericardium  and  to  the  endocardium.  Correct 
early  diagnosis  in  such  cases  is  important  from  a  prognostic  point 
of  ^dew,  as  internal  pericarditis,  which  has  a  number  of  symptoms  in 
common  with  pericardial  pleurisy,  is  unquestionably  a  much  more 
serious  disease. 

In  the  same  way  diaphragmatic  pleurisy  possesses  special  clinical 
importance  because  even  when  the  inflammatory  process  is  relatively 
limited  it  produces  apparently  dangerous  symptoms,  such  as  cyanosis, 
air  hunger,  and  a  certain  condition  of  stenocardia,  partly  because  of 
the  severity  of  the  pain  and  partly  because  of  the  mechanical  hindrance 
to  diaphragmatic  breathing  which  is  always  present,  being  due  to  the 
edema  and  acute  infiltration  of  the  muscle. 

This  affection,  as  the  subsequent  course  usually  shows,  is  far  less 
dangerous  than  it  first  appears  to  the  observer  and  to  the  patient 
himself.  It  presents  much  the  same  appearances  as  those  observed 
in  persons  suffering  from  simple  painful  rheumatism  of  the  thoracic 
muscles,  in  whom  the  interference  wdth  respiration  may,  until  the 
pain  has  been  relieved  by  injections  of  morphin,  bring  about  a  very 
alarming  dyspnea  wliich  may  easil}''  be  confounded  with  cardiac 
weakness  or  congestive  pulmonary  edema,  although  the  pulmonary 
tissue  itself  retains  its  integrity. 

The  distinction  between  primary  and  secondary  pleurisy  is  justi- 
fiable on  theoretic  grounds.  In  practice,  however,  the  distinction 
is  exceedingly  difficult  and  often  impossible,  although  it  cannot  be 
denied  that  a  positive  distinction  between  the  two  forms  may  be 
of  the  greatest  importance  both  for  the  treatment  and  for  the  prog- 
nosis. At  the  very  outset  it  is  important  to  recognize  that  the  disease 
is  primary — in  other  words,  localized  in  one  spot  which  has  been 
attacked  by  the  sum  of  all  the  insulting  factors,  or  has  borne  the 
brunt  of  the  attack  single-handed.  "We  may,  of  course,  disregard 
cases  in  which  we  have  to  deal  with  the  local  effect  of  a  trauma  or  with 
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a  single  injury  to  the  organism  which  is  not  of  a  nature  to  become 
more  extensive.  If  the  primary  nature  of  the  disease  can  be  estab- 
lished, the  danger  of  its  becoming  general  or  resulting  in  a  multiple 
localization  may  in  most  cases  be  excluded;  the  pleurisy  will  in  all 
probability  remain  a  local  disease.  At  the  cost  of  the  internal  acti\dty 
of  a  single  organ,  which  we  term  inflammation,  the  attack  is  diverted 
from  all  the  other  organs.  Even  micro-organisms  may  under  such 
conditions — that  is  to  say,  when,  during  their  passage  through  the 
tissue-juices,  they  become  arrested  in  a  single  organ  as  in  a  sieve — 
give  rise  only  to  an  intense  local  disturbance,  whereas,  if  they  were 
to  settle  in  various  localities,  they  would  produce  a  multiplicity  of 
disease  foci  the  consequences  of  which  could  not  be  foreseen;  as,  for 
instance,  when  a  deleterious  substance  penetrates  to  the  interior 
of  an  important  organ  instead  of  becoming  permanently  arrested  in 
the  investing  serous  membrane. 

The  view  here  presented  may  seem  strange  to  many  who,  on  experi- 
mental grounds,  believe  in  a  uniform  distribution  of  all  foreign  bodies 
entering  the  circulation.  It  must  not  be  forgotten,  however,  that  the 
conditions  in  disease  are  somewhat  different,  since  the  morbific  agent 
reaches  the  general  circulation  only  through  the  venous  and  lymphatic 
channels,  and  usually  very  gradually,  after  certain  changes  have  taken 
place;  whereas,  in  experimental  work,  enormous  masses  enter  the  blood- 
stream at  once.  Now,  the  serous  membranes  appear  to  possess  the  special 
faculty  of  arresting  abnormal  substances  and  micro-organisms,  and  re- 
straining them  from  entering  the  essential  tissue  of  the  organ.  Even  in 
the  case  of  poisons  which  may  produce  a  general  disease — as,  for  instance, 
the  poison  of  acute  articular  rheumatism — the  intensity  of  the  local  dis- 
ease is,  as  a  rule,  inversely  proportional  to  the  number  of  disease  foci. 
When  one  joint  alone  is  attacked,  suppuration  may  super^^ene;  but  when 
several  are  attacked  at  once,  they  each  present  only  the  signs  of  serous 
inflammation. 

Now,  as  the  various  foci  do  not,  as  a  rule,  develop  at  the  same  rate — 
since  the  difference  between  the  power  of  individual  tissues  to  react 
and  the  intensity  of  the  irritative  agent  being  so  great  that  a  poison 
which  reaches  different  points  of  the  body  at  the  same  time  calls  forth  a 
noticeable  reaction  only  after  variable  periods  of  time — it  is  beyond  our 
power  to  decide  at  once  in  a  disease  which  appears  to  be  primary,  that 
is,  a  disease  in  which  by  our  methods  of  investigation  there  appears  to 
be  but  one  localization,  whether  other  manifestations  may  not  appear 
at  different  places  within  the  next  few  days  or  weeks,  the  germ  having 
been  planted  at  the  same  time  but  developed  relatively  more  slowly. 

If,  for  instance,  in  rheumatic  polyarthritis,  one  joint  after  another  or 
the  serous  surface  of  the  pleura  and  of  the  heart  are  successively  attacked, 
it  is  not  necessar}''  to  assume  that  the  poison  has  been  carried  from  the 
joint  which  was  originally  involved,  and  that  the  other  localizations  are 
therefore  secondary.  On  the  contrary,  we  may,  and  in  many  cases  must, 
consider  all  the  manifestations  as  of  ec(ual  significance,  and  regard  even 
the  pericarditis  and  pleurisy  which  follow  in  the  wake  of  articular  affec- 
tions as  manifestations  of  the  general  disease. 

All  the  disease  foci  are  accordingly  regarded  as  localizations,  as  the 
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expression  of  the  rhouiDatic  infection  or  j^oison,  and  therefore  represent 
an  identical  primary  alTection.  It  is  true  that  if  we  conceive  the  entrance 
of  the  poison  into  the  blood  or  the  so-called  systemic  disease,  the  locali- 
zations of  which  are  usually  not  demonstrable  because  so  slight  and  so 
widely  diffused,  to  be  the  primary  affection,  we  must  restrict  the  term 
primary  localization  to  cases  where  no  general  disease  can  be  demon- 
strated and  the  infection  results  in  an  immediate  localization  in  one  organ. 
Since,  however,  the  morbific  agent  of  polyarthritis  is  not  the  disease 
itself,  and  articular  rheumatism  is  not  an  entity,  but  simply  a  term  chosen 
on  account  of  the  principal  localization  and  applied  to  certain  visible  al- 
terations in  the  function  of  the  articular  serous  membrane  directly  refer- 
able to  a  definite  irritation,  so  the  reaction  of  the  pleura  or  of  the  pericar- 
dium is  simply  an  increase  in  its  function  due  to  the  activity  of  the  irrita- 
tive agent,  or  to  its  special  localization,  or  to  predisposition. 

It  follows  that  the  pleurisy  of  rheumatic  polyarthritis,  which  is 
not  always  identical  with  true  rheumatic  pleurisy,  must  be  regarded 
as  an  inflammation  equal  in  rank  to  the  usual  localizations  of  articular 
rheumatism  in  the  joints,  especially  when  it  appears  comparatively 
soon  after  the  period  of  articular  inflammation;  whereas  pleurisy 
occurring  as  a  late  sequel  is  due  to  some  change  in  disposition,  and 
should  be  regarded  as  a  secondary  disease. 

Again,  the  form  of  pleurisy  followdng  in  the  wake  of  a  distinct 
disease  of  the  throat  or  other  organic  trouble  may  with  every  right 
be  termed  secondary.  Even  articular  rheumatism  follomng  an 
unmistakable  attack  of  inflammation  of  the  throat  is  to  be  regarded 
as  a  secondary  affection  because  the  disease  of  the  pharjmgeal  organs 
simply  prepares  the  soil  for  the  reception  of  a  special  poison  distinctly 
different  from  that  which  produces  the  throat  affection. 

The  more  independent  the  primarj'  throat  disease  in  point  of  time, 
character,  location,  and  extent,  and  the  more  the  general  condition 
of  the  patient  is  affected  by  it,  the  less  are  we  justified  in  regarding 
other  locahzations  as  primar3Mnfections  of  equal  rank;  whereas, 
disturbances  in  the  joints  or  other  inflammations  occurring  simul- 
taneoush^  with  the  throat  affection  may  mth  propriety  be  regarded  as 
similar  manifestations  of  a  relatively  benign  or  malignant  general 
disease.  The  disease  which,  from  its  principal  localization,  is  known 
as  acute  articular  rheumatism  we  have  every  reason  to  regard  as  the 
mildest  form  of  the  group  of  tissue  changes  characterized  by  the 
development  of  pyogenic  micro-organisms,  the  highest  grades  of  w^hich 
are  represented  b}'  the  pyemic  affections  (0.  Rosenbach). 

It  would  appear  from  these  considerations  that  classifications  of 
this  sort  can  have  no  practical  value,  since  the  chnical  picture,  the 
order  of  succession,  and  the  number  and  variety  of  localizations 
depend  not  on  the  nature  of  the  poison,  but  on  the  co-operation  of 
irritant  and  disposition  or  irritability,  and  the  disposition  itself 
may,  under  the  influence  of  an  irritant  and  under  certain  conditions, 
undergo  various  alterations. 

Rather  than  attempt  to.  draw  the  line  on  strictly  genetic  grounds, 
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it  will  be  more  in  accord  with  the  needs  of  practice  to  regard  as  secon- 
dary pleurisy  those  forms  in  which  the  local  changes  in  the  tissue 
activity  of  the  pleura  which  we  call  inflammation,  and  the  general 
and  local  functional  chsturbances  depending  on  such  changes,  are 
overshadowed  by  a  basal  disease  which,  even  without  imphcation  of 
the  pleura  and  Tvdthout  the  occurrence  of  inflammatory  or  febrile 
reaction,  would  produce  a  marked  disturbance  in  the  body  economy  ; 
and,  secondly,  those  conditions  in  which  permanent  or  temporary 
disturbances  originating  outside  of  the  pleura  create  favorable  con- 
ditions for  the  action  of  relatively  slight — i.  e.,  secondary — poisons  in 
the  domain  of  the  pleura. 

In  the  former  case  the  abnormal  tissue  process  is  at  the  same 
time  the  exciting  agent,  and  the  expression  of  an  altered  disposition ; 
in  the  latter  case  two  different  tissue  processes  often  exist  side  by  side, 
one  of  which  furnishes  the  irritant,  while  the  other  effects  a  modifi- 
cation of  the  irritability — in  other  words,  a  change  in  disposition. 

To  this  group  belong  the  pleurisies  which  depend  on  constitutional 
diseases  and  present  themselves  imder  the  form  of  a  so-called  mixed 
infection  or  as  a  secj[uel  to  the  general  disease  in  pre^dously  weakened 
individuals.  They  include  terminal  pleurisy  and  certain  forms  of 
subacute  and  acute  pleurisy  \\dthout  any  tumors  in  the  tissues  of  the 
pleura,  occurring  in  tuberculous  and  carcinomatous  indi\dduals ;  and, 
finally,  post-pneumonic  exudative  pleurisy  developing  a  few  days 
after  the  termination  of  pneumonia  by  crisis  or  lysis. 

The  distinction  between  acute  and  chronic  forms  ought  to  be 
discarded  altogether,  at  least  for  purposes  of  diagnosis,  as  it  fre- 
quently happens  that  cases  vnXh.  a  stormy  onset  subsec|uently  develop 
into  extraorcUnarily  chronic  processes,  and,  on  the  other  hand,  effu- 
sions which  develop  quite  slowly  and  imperceptibly  may  terminate 
quite  favorably. 

Since,  as  we  have  shown,  the  initial  symptoms  and  subsequent  course 
of  the  disease  are  regarded  merely  as  different  modes  of  reaction  of  the 
tissue,  depending  on  the  relation  of  the  irritant  to  the  disposition,  and  as 
they  cannot,  therefore,  be  proportional  to  one  of  these  factors,  which  may 
vary  during  the  time  of  observation,  it  follows  that  the  strength  of  the 
irritant  can  rarely  be  deduced,  vi-ith  anything  like  certainty  as  regards 
diagnosis  and  prognosis,  from  the  intensity  and  extent  of  the  initial  symp- 
toms. As  a  rule,  both  the  severitj^  of  the  irritant  and  the  extent  of  the 
disposition  are  equally  unknown.  Even  when  the  disposition  is  kno'^Ti  to 
the  physician  from  former  observation,  it  is  often  so  modified  by  ante- 
cedent bodily  and  organic  influences  tending  to  weaken  the  constitution 
by  overexertion,  by  repeated  illnesses,  or  even  by  the  treatment  adopted 
in  the  beginning  of  the  attack,  that  the  vigorous  reaction  of  the  initial 
stage  is  followed  by  an  asthenic  course,  while,  on  the  other  hand,  an 
asthenic  beginning  may,  by  appropriate  treatment  and  the  effect  of 
adaptation,  eventually  lead  to  sthenic  reaction  or  even  to  a  crisis. 

In  any  case  even  a  skilled  physician  will  require  a  certain  length 
of  time  to  determine  a  patient's  disposition  or  susceptibiUty  if  he 
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relies  on  physical  examination  and  functional  tests ;  and  this  knowl- 
edge is  absolutely  necessary  to  enable  him  to  determine  what  even 
then  is  quite  difficult :  whether  the  process  is  to  be  acute  or  chronic. 
It  must  not  be  forgotten  that  the  susceptibihty  of  individual  tissues 
may  vary  greatly  both  for  the  same  and  for  different  irritants. 

The  distinction  between  diffuse  and  circumscribed  pleurisy  is  of 
no  practical  value,  since  the  appearance  of  many  small  foci,  separated 
from  one  another  by  considerable  areas  of  sound  tissue,  in  nowise 
differs  from  a  diffuse  process  even  when  the  extent  of  the  indi\idual 
foci  is  relatively  small.  Nor  must  it  be  forgotten  that  the  physical 
signs  are  often  out  of  all  proportion  to  the  true  extent  of  the  inflam- 
mation. Auscultation  and  percussion  often  yield  positive  results 
only  in  circumscribed  areas,  although  the  inflammatory  process  may 
extend  far  beyond  such  regions,  and,  on  the  other  hand,  it  may  also 
happen  that  the  results  obtained  by  one  or  all  of  the  methods  of 
physical  examination  are  especially  marked  in  regions  where  the 
pathologic  changes  are  faintest. 

The  distinction  between  dry  pleurisy  {sicca  fibrinosa)  and  pleurisy 
with  effusion  {serosa  and  serofihrinosa) ,  which  at  first  sight  appears 
such  a  practical  one,  cannot  be  carried  out  at  the  bedside  in  the 
strict  sense  of  the  definition.  In  almost  any  form  of  pleurisy  a  few 
drops  of  serum  can  in  the  beginning  of  the  attack  be  obtained  by 
exploratory  puncture.  Even  when  pleural  friction  is  obtained  over 
more  or  less  extensive  areas  there  may  be  a  considerable  quantity  of 
seriun  between  the  two  layers  of  the  pleura.  Its  presence  does  not 
always  prevent  the  friction  from  being  heard,  as,  depending  on  the 
thickness  of  the  exudate  and  the  position  of  the  fluid,  a  number  of 
points  may  remain  where  the  two  surfaces  of  the  pleura  can  come 
in  contact.  Again,  a  friction  sound  must  necessarily  be  produced 
when  a  solid  exudate  projects  above  the  sm-rounding  fluid  like  an 
island  in  the  sea ;  or,  in  other  words,  when  the  fibrinous  layer  is  thicker 
than  the  layer  of  fluid. 

Of  all  the  classifications,  there  is  only  one  which  in  our  estimation 
is  of  any  value  for  clinical  purposes.  It  is  the  classification  according 
to  the  nature  of  the  pleural  contents  as  determined  by  exploratory 
puncture.  Even  this  proposition,  however,  is  contingent  upon  the 
pro^^so  that  exploratory  pimcture  be  used  simph^  as  a  method,  the 
application  of  which  requires  careful  study  and  from  which  the 
observer  does  not  necessarily  expect  specific  or  pathognomonic  results. 

For  the  adherents  of  the  doctrine  of  bacteriologic  diagnosis  to  the 
exclusion  of  all  other  means,  a  group  to  which  the  author  does  not 
belong,  exploratory  puncture  carried  out  -^-ith  the  customary  pre- 
cautions affords  the  only  sure  basis  of  determining  the  variety  of 
microbes  present  in  the  pleiu-al  contents.  It  would  certainly  be  the 
only  certain  method  of  determining  the  etiology  if  the  determination 
of  one  or  more  forms  of  microbes  were  synonymous  with  the  deter- 
mination of  the  causes  or  producers  of  the  disease. 
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IV.  SPECIAL  ETIOLOGY. 

Since,  as  has  been  mentioned,  we  take  the  stand  that  the  func- 
tional and  structural  (visible  and  invisible)  reaction  called  disease 
is  a  product  of  irritant  and  irritabihty  (disposition  of  the  tissue), 
two  explanations  present  themselves  for  the  origin  of  the  inflamma- 
tion. The  pleurisy  may  develop  because  of  the  action  of  a  maximal 
irritant  on  the  pleura  causing  a  maximum  of  internal  tissue  activity 
at  the  expense  of  the  amount  demanded  by  the  needs  of  the  organism, 
or  because  of  some  alteration  in  the  disposition  or  irritability  of 
the  tissues  producing  an  abnormal  functional  activity  (inflammation) 
in  response  to  an  irritant  which,  under  normal  conditions,  would 
not  be  sufficient  for  its  production. 

If  there  is  any  alteration  in  the  internal  (invisible)  activity  or 
energy  necessary  to  be  developed  for  the  preservation  of  the  organism, 
on  which  the  degree  of  irritability — the  power  to  perform  visible 
work,  in  a  word,  the  working  capacity  of  the  machine — depends, 
even  a  normal  irritant  acting  on  the  diseased  area  will  produce  a 
variation  m  the  amount  of  visible  work  performed.  This  variation 
we  habitually  term  abnormal  or  morbid,  and,  if  it  is  combined  with 
permanent  structural  alterations  of  the  tissue,  it  constitutes  a  tissue 
disturbance  susceptible  of  anatomic  demonstration. 

Exposure  to  cold,  traumatism,  and  local  infection  may  be  con- 
sidered either  as  irritants  (inciting  processes)  producing  an  altera- 
tion in  the  internal  work  and  development  of  energy,  the  ultimate 
expression  of  which  is  inflammation,  or  as  causes  of  an  alteration  in 
susceptibility  sufficient  to  produce  the  local  disposition  necessary  for 
an  otherwise  ineffective  irritant  to  exert  the  special  influence  just 
described.  They  may  accordingly,  if  of  sufficient  intensity,  be  re- 
garded as  the  cause,  or  better  perhaps  as  the  inciting  process,  of 
the  primary  pleurisy;  or  they  may  be  concerned  in  the  production 
of  a  local  (secondary)  pleurisy  only  in  so  far  as  they  modify  the 
irritability  and  furnish  a  disposition  (possibility)  to  an  abnormal 
reaction.  The  reaction,  however,  does  not  necessarily  occur  if  the 
necessary  irritant  or  inciting  process  for  the  reaction,  which  under 
special  circumstances  is  markedly  modified,  is  absent.         ' 

Powder  and  dynamite  have  a  different  irritability,  but  the  magni- 
tude and  variety  of  inciting  processes  which  cause  the  visible  reaction 
— the  explosion — are  quite  as  different  as  the  internal  processes  on 
which  this  reaction  depends. 

In  other  words :  if  in  two  individuals  exposure  to  cold,  traumatism, 
infection  with  some  noxious  agent,  or  any  other  influence  produces 
an  alteration  in  the  irritability  of  the  pleural  tissue,  one  of  these 
individuals  may,  under  the  influence  of  some  additional  agent, — 
such,  for  instance,  as  a  fresh  exposure  to  cold  which  under  other 
circumstances  would  not  be  sufficient  to  produce  any  alteration  in  the 
internal  work, — at  once  manifest  the  symptoms  of  an  acute  or  sub- 
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acuto  inflaniination  of  the  pleura  ;  while  the  othci-,  after  suffering  a  few 
days  of  impaired  power  of  resistance  (power  of  reaction — relative  good 
health),  may  gradually,  either  spontaneously  or  under  the  influence 
of  appropriate  measures,  such  as  rest  in  bed,  etc.,  regain  his  former 
power  of  adapting  iiimself  to  ordinary  irritants,  i.  e.,  absolute  health. 

Accordingly,  tlie  causes  of  pleurisy — in  other  words,  the  inciting 
processes  and  the  influences  which  determine  the  disposition  necessary 
for  such  processes  to  become  effecti\'e — are  very  numerous. 

Pleurisy,  in  which  the  last  irritant  is  regarded  as  the  sole  cause, 
though  it  is  often  only  the  accidental  inciting  process,  occurs: 

1.  As  a  frequent  sequel  and  concomitant  of  almost  all  constitu- 
tional diseases  and  profound  disturbances  of  nutrition.  In  these 
cases  it  follows  from  what  we  have  just  said  that  it  is,  as  a  rule,  im- 
possible to  demonstrate  the  true  insult  and  the  direct  cause. 

2.  During  the  period  of  convalescence  from  any  protracted  disease 
or  after  loss  of  blood.  This  form  is  usualh'  associated  with  thrombosis 
in  the  veins  of  the  lower  extremities. 

3.  In  all  acute  and  infectious  diseases,  especially  in  all  forms  of 
endocarditis  and  pyemia  (puerperal  fever),  and  in  acute  articular 
rheumatism  which  probably  represents  the  mildest  member  of  the 
group  of  general  diseases  characterized  by  the  presence  of  p5'0genic 
organisms. 

4.  In  ulcerations  of  adjoining  regions,  the  ribs,  the  esophagus, 
the  stomach,  the  mediastinum,  the  vertebrae;  especially  in  inflamma- 
tion of  adjacent  serous  membranes,  the  pericardium  and  peritoneum, 
in  which  case  extension  occurs  by  way  of  the  larger  lymph-channels 
or  through  the  parenchyma. 

5.  In  all  forms  of  acute  and  chronic  inflammation  of  the  lungs; 
in  purulent,  putrid,  or  caseous  degenerations,  especially  when  the 
diseased  focus  is  superficial.  In  diseases  of  the  bronchial  mucous 
membrane  pleuris}'  can  almost  alwa\'s  be  excluded. 

6.  In  chronic  nephritis,  in  degeneration  of  the  heart-muscle,  and 
cirrhosis  of  the  liver,  pleurisy  with  effusion  resembling  the  product 
found  in  hydrothorax  is  very  common  (see  page  885).  When  the  two 
last  forms  are  present,  they  are  almost  always  on  the  right  side,  and 
constitute  a  very  grave  complication,  presaging  a  fatal  termination. 

In  ill-nourished  and  aged  individuals  pleuris}^  is  very  frequently 
the  terminal  disease.  In  all  inflammations  within  the  peritoneal 
ca^'ity,  especially  in  perityphlitis,  the  pleura  and  the  subphrenic 
space  must  be  subjected  to  a  careful  examination,  as  serous  or  puru- 
lent pleurisy  is  one  of  the  most  frequent  complications  and  occasions 
many  difficulties  in  diagnosis  and  prognosis.  For,  if  a  pleurisy  of 
this  kind  escapes  detection,  as,  for  instance,  when  it  barely  extends 
beyond  the  surface  of  the  diaphragm,  a  continuance  or  exacerbation 
of  the  fever  is  naturally  attributed  to  an  aggravation  of  the  primary 
peritoneal  affection  unless  the  subsidence  of  the  local  symptoms  is  so 
clear  as  unmistakably  to  suggest  the  presence  of  a  new  disease. 
Similar  difficulties  in   diagnosis  may,  of  course,  present  themselves 
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in  primary  pleurisy  if  it  is  complicated  during  the  stage  of  regeneration 
by  a  hidden  suppurative  peritonitis. 

It  is  rather  remarkable  that  pleurisy  is  so  seldom  observed  in 
typical  cases  of  influenza,  because  bronchial  and  pulmonary  disease 
is  particularly  common  in  this  condition,  especially  on  the  left  side. 

Again,  in  typhoid  fever,  and  particularly  in  measles,  both  of 
which  are  frequently  accompanied  by  acute  and  chronic  pulmonary 
disease  of  varying  degrees  of  intensity,  serous  and  purulent  pleurisies 
are  comparatively  rarely  met.  Pleurisy  is,  however,  an  occasional 
sequel  of  typhoid  fever  in  debilitated  patients. 

The  relations  between  pleurisy  and  tuberculosis  demand  special 
mention  in  a  section  on  etiology.  There  is  no  doubt  whatever  that 
so-called  genuine  pleurisj^  is  very  often  an  early  sign  of  a  tubercular 
predisposition,  or  even  the  expression  of  minute  localizations  of  the 
disease  in  the  lungs  or  bronchial  glands.  The  relations  between 
these  two  conditions  have  received  especial  attention  in  the  most 
recent  literature,  and  in  a  series  of  statistics  von  Barrs,^  Coston,^  Dub- 
ville,^  and  others  have  made  a  fresh  attempt  to  prove  that  pleurisy 
is  always  a  trustworthy  symptom,  or,  more  correctly,  a  sure  fore- 
runner of  local  or  general  tuberculosis.  The  domain  of  traumatic 
etiology  has  also  been  encroached  upon  by  Netter,*  who  claims  that 
in  68%  of  the  cases  attributed  to  traumatism  tuberculosis  must  be 
regarded,  if  not  as  the  cause,  at  least  as  the  predisposing  factor  in  the 
production  of  the  disease. 

My  own  experience  leads  me  to  regard  these  views  as  too  radical, 
for  although  I  must  agree  with  Fiedler  ^  in  regarding  many  forms  of 
pleurisy  as  mere  localizations  of  a  rheumatic  or  pyemic  infection,  and 
believe  that  a  great  variety  of  infectious  diseases,  from  simple  pharyn- 
gitis to  the  severest  form  of  pj^emia,  may  lead  to  localizing  symptoms 
in  the  pleura  in  the  entire  absence  of  any  tubercular  etiology,  it  must 
nevertheless  be  admitted  that  most  of  the  cases  accepted  in  the 
statistics  on  the  strength  of  postmortem  findings  are  not  absolutely 
conclusive,  because  of  the  difficulty  or  even  impossibility  of  proving 
any  connection  between  two  events  when  a  long  interval  of  time 
has  elapsed  between  them. 

In  constructing  an  etiologic  chain  of  this  kind  one  must  bear  in 
mind,  a  priori,  the  possibility  that  a  pleurisy  acquired  as  a  result 
of  articular  rheumatism  may,  without  any  connection  with  the  basal 
disease,  later  be  followed  by  the  development  of  a  tuberculous  affec- 
tion, just  as,  conversely,  a  pleurisy  the  remains  of  which  many  years 
later  fail  to  show  any  trace  of  tubercle  bacilli  or  their  products 
may  have  been  tubercular  in  character  from  the  outset,  for  we  know 
from  experience  that  the  healing  of  tubercular  lesions  is  particularly 
apt  to  be  followed  by  marked  alterations  in  the  connective  tissue 
which  bear  testimony  to  the  former  presence  of  extensive  disease. 

It  is  quite  true,  as  Hanau  ^  assumes,  that  in  such  cases  calcifica- 
tion of  the  bronchial  glands  must  be  demonstrated  before  one  is 
justified  in  interpreting  the  original  disease  as  tuberculous.     It  must 
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not  be  forgotten,  however,  tliat  calcification  may  constitute  the 
terminal  stage  of  any  form  of  marked  and  persistent  swelling;  in 
other  words,  of  so-called  chronic  non-tubercular  Inflammation. 

It  is  evident,  therefore,  that  we  cannot  exclude  a  tuberculous 
etiology  in  cases  of  old  pleuritic  conditions  when  the  pathognomonic 
signs  of  tuberculosis  are  absent,  any  more  than  we  can  say  definitely 
that  any  pleuritic  adhesion  associated  with  marked  pulmonary 
tuberculosis  is  actualh^  of  tubercular  origin. 

For  this  reason  the  statistics  of  Schlenker,^  which  in  many  respects 
deserve  much  credit,  arc  not  quite  conclusive,  as  the  argument  of  a 
tubercular  etiology  is  based  solely  on  the  coexistence  of  pleuritic 
adhesions  with  the  signs  of  gross  tubercular  disease  of  the  lungs. 
For,  although  it  is  true  that  in  33  out  of  57  cases  of  pleuritic  adhesions 
the  presence  of  tubercular  disease  of  the  lungs  was  demonstrated 
by  the  microscope,  }'et  this  proportion,  remarkable  as  it  is,  fails 
to  explain  either  the  temporal  or  the  causal  relation  between  the  two 
manifestations. 

We  are  therefore  forced  to  the  conclusion  that  the  coexistence 
of  tissue  changes  in  the  pleura  ^^^th  tubercular  localizations  elsewhere 
does  not  suffice  to  prove  either  that  the  pleurisy  was  caused  by  tuber- 
culosis or  that  a  former  pleuritic  affection  was  of  a  tubercular  nature. 
While,  on  the  one  hand,  pleurisy  may  induce  tuberculosis  by  the 
permanent  functional  disturbance  which  it  produces  in  the  lung, 
and,  on  the  other  hand,  tuberculosis  of  the  lungs  may,  by  the  asso- 
ciated irritation  of  the  pleura,  be  the  cause  of  pleurisy,  j^et  the  two 
processes  may  exist  quite  independently. 

One  thing  only  appears  to  be  certain:  The  alterations  in  the 
respiratory  mechanism  and  in  the  internal  acti\ity  of  the  tissues 
produced  bj'  an  imperfectly  healed,  non-tubercular  pleurisy  ma}' 
bring  about  an  alteration  in  the  susceptibility  of  the  tissue  w^hich 
becomes  the  true  foundation  for  the  development  of  tuberculosis 
in  the  pulmonary  and  pleural  tissue,  or,  as  the  saving  is,  may  furnish 
the  soil  for  the  growth  and  development  of  the  tubercle  bacillus. 
Notwithstanding  the  teaching  of  modern  bacteriology,  w^e  camiot 
renounce  the  only  possible  standpoint  for  the  physician,  approved 
by  the  observation  of  centuries,  that  a  certain  disposition — or,  in 
other  w^ords,  a  profound  alteration  of  the  invisible  w^ork  of  the  tissues 
for  the  production  of  energy,  known  as  susceptibility  (the  first  founda- 
tion of  ^'isible  acti^'ity  or  reaction) — furnishes  the  necessary  condi- 
tions for  the  colonization  and  proliferation  of  micro-organisms  which 
preferably  either  possess  or  assume  the  characters  of  the  tubercle 
bacillus,  but  may  also  belong  to  one  of  the  species  of  pyogenic  micro- 
organisms (bronchopneumonia,  mixed  infection,  etc.). 

Xor  can  it  be  doubted  that  tumors  of  neighboring  organs  or  of 
the  pleura  itself  may  act  as  the  exciting  agents  of  tissue  acti^•ity 
and  directl}^  or  indirectly  produce  a  true  pleurisy,  that  is  to  say,  the 
form  of  alteration  in  the  local  tissue  work  of  the  pleura  which  we 
designate  inflammation.     For  the  nutritive  disturbance  caused  by 
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the  tumor  may,  on  the  one  hand,  intensify  the  predisposition  and 
enable  an  otherwise  ineffective  irritant  to  exert  an  abnormal  influence 
in  the  domain  of  the  pleura,  just  as,  on  the  other  hand,  the  growth 
of  the  tumor  itself  may  act  as  an  exaggerated  irritant. 

Tumors  of  the  Pleura. — Carcinoma,  sarcoma,  enchondroma,  en- 
dothelioma, and  exceptionally  even  lipoma  are  observed  in  the 
pleura.  The  tumor  is  more  apt  to  be  metastatic  than  primary,  be- 
ing derived  from  neighboring  organs,  most  frequently  the  mammary 
gland,  the  mediastinal  glands,  the  liver,  stomach,  etc.  Tumors 
within  the  pleural  sac  may  also  be  due  to  the  action  of  echino- 
cocci;  these  tumors  have  recently  been  made  the  subject  of  an  ex- 
haustive description  by  MaydP  with  special  reference  to  the  treat- 
ment. I  shall  return  to  the  discussion  of  this  subject  later  on  in  con- 
nection with  diseases  of  the  lung  tissue ;  the  most  important  points  in 
the  diagnosis  of  this  uncommon  disease  will  be  found  on  page  889. 

Attention  has  recently  been  called  by  A.  FraenkeP  to  a  special 
form  of  malignant  disease  of  the  pleura,  so-called  endothelial  cancer, 
already  described  by  E.  Wagner^  and  others.  The  disease,  which 
is  regarded  by  various  authors  as  the  result  of  a  proliferation  of  the 
endothelium  of  the  blood-vessels,  and  in  which  the  pleura  occasionally 
presents  the  same  appearance  as  a  hypertrophied  vesical  mucous 
membrane,  generall}'^  manifests  itself  under  the  form  of  a  brawny 
pleurisy,  the  microscopic  examination  showing  diffuse  nodular  and 
brawny  adhesions  between  the  two  layers  of  the  pleura  frequently 
going  on  to  a  complete  contraction  of  the  tissue. 

It  has  been  shown  by  numerous  microscopic  examinations  that 
the  lymph-channels  anci  the  ground-substance  of  the  pleura  are 
equally  concerned  in  the  prohferative  process.  But  there  is  still 
much  difference  of  opinion  in  regard  to  the  classification  of  the 
various  forms  of  tmnors.  Neelsen^  leans  toward  the  theory  of  metas- 
tasis, and  includes  the  processes  among  the  infectious  inflammations ; 
Schottelius^  regards  the  disease  as  a  carcinomatous  lymphangitis, 
Schweninger^  as  a  proliferating  lymphangitis. 

According  to  A.  Fraenkel,  there  is  found  in  transverse  sections  of  the 
costal  pleura  a  uniform  proliferation  of  the  connective  tissue  with  very 
few  cells,  ■within  which  the  lymph-spaces  appear  greatly  dilated  without 
losing  their  linear  cleft-like  character,  and  more  or  less  filled  with  poly- 
morphous, cuboidal  cellular  elements,  epithelial  in  character  with  vesicu- 
lar nuclei.  These  cellular  elements  either  occlude  the  lumen  completely 
or  invest  the  walls  ^\ith  one  or  more  layers,  leaving  an  open  space  of 
variable  width.  The  phenomenon  is  most  marked  in  the  central  por- 
tions of  the  pleura.  In  places  there  is  found,  instead  of  this  accumula- 
tion of  cells,  a  finely  granular  mass  containing  a  few  leucocytes.  The 
connective  tissue  between  the  open  spaces  contains  many  spindle  cells 
and  numerous  foci  of  round-celled  infiltration.  The  endothelial  covering 
of  the  pleura  is  for  the  most  part  lost,  the  denuded  areas  being  covered 
with  the  already  mentioned  cuboidal,  polymorphous  elements.  The 
lymph-clefts  and  the  vessels  of  the  diaphragmatic  and  mediastinal  pleurse 
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are  markedly  dilated  and  filled  with  epithelioid  cells,  so  that  they  closely 
resemble  large  cancer  nests.  Similar,  thougli  less  pronounced,  altera- 
tions are  found  in  the  h'mph-glands. 

I  will  ^'entu^e  to  express  the  opinion  that  this  form  of  tumor 
formation  is  not  a  primary  process,  but  a  secondary  j^roliferation  of 
entlothelial  and  epithelial  elements,  and  cannot  therefore  be  regarded 
as  a  true  malignant  new-formation.  This  view  is  supported  by  the 
fact  that  there  w^as  no  metastasis  in  the  cases  described  by  A.  FraenkeP 
and  others,'  the  tissue  alterations  being  confined  to  the  pleura  and 
external  sin-face  of  the  pericardium,  whereas  it  is  well  known  that 
malignant  tumors  (colloid  cancer,  carcinoma,  and  true  endothehoma) 
are  characterized  by  an  extraordinary  and  rapid  tendency  to  metas- 
tasis. I  am  therefore  inclined  to  agree  wdth  Neelsen's'  view  that 
so-called  proliferating  l^-mphangitis  does  not  represent  the  prolifera- 
tion of  a  tumor  so  much  as  the  ultimate  consequences  of  an  in- 
tense chronic  inflammation. 

An  explanation  of  the  peculiar  tissue  products  may  be  facilitated 
by  a  more  careful  consideration  of  the  processes  at  work  in  the  de- 
velopment of  diffuse  brawny  (connective-tissue)  pleurisy. 

The  tissue  alterations  are  produced  (1)  by  a  proliferation  of  the 
already  existing  connective  tissue  as  well  as  of  that  which  becomes 
organized  from  the  inflammatory  products;  (2)  by  swelling  and  pro- 
liferation of  the  true  endothelial  elements  of  the  pleura  still  remaining, 
the  number  of  which,  in  advanced  cases,  may  be  exceedingly  small 
on  account  of  the  rapidly  progressing  degeneration  of  the  cells;  (3) 
by  extensive  new-formation  of  vessels  and  proliferation  of  the  epi- 
thelial elements  in  the  vessel-Avalls  both  in  the  muscular  and  in  the 
endothelial  layers.  This  proliferation  of  endothelial  and  epithelial 
elements,  especially  the  marked  development  of  the  characteristic 
polymorphous,  cuboidal  epithelioid  cells,  which  I  have  observed 
particularly  in  cases  of  massive  plastic  pleurisy,  appears  to  me  to 
indicate  a  new-formation  of  blood-vessels  and  occlusion  of  the  vessels 
going  on  hand  in  hand  wdth  the  chronic  inflammatory  process,  since 
the  endothelium  of  the  blood-vessels  plays  the  chief  part,  just  as  it 
does  in  the  formation  of  acute  thrombi. 

I  have  not  been  able  to  satisfy  myself  that  the  proliferation,  or  rather 
transformation,  of  epithelium  into  cuboidal  cylindric  cells  is  especially 
confined  to  the  lymph-clefts.  A  study  of  a  number  of  specimens  of  this 
condition  has  left  me  with,  the  impression  that  we  have  to  deal  with  an 
epithelial  and  connective-tissue  new-formation  ver}-  similar  to  that  ob- 
served in  hypertrophic  cirrhosis  of  the  liver  and  in  the  peculiar  form  of 
pneumonia  following  division  of  the  vagus.  In  the  former  case  the  well- 
known  accumulations  of  peculiar  cuboidal  cells,  suggesting  the  appear- 
ance of  gall-ducts,  are  found  in  great  numbers.  In  vagus  pneumonia  we 
find  within  the  thickened  bands  of  connective  tissue  cross-sections  of 
bronchi  and  blood-vessels  more  or  less  completely  filled  with  the  same 
cuboidal,  polymorphous  epithelial   cells  which  unquestionably  do   not 
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represent  a  primary  tumor  formation;  they  are  rather  the  expression 
of  a  secondary  proliferation  of  a  lower  order  of  tissue  following  degenera- 
tive atrophy  of  the  true  parenchyma. 

The  intensity  of  this  hyperplasia  of  the  blood-vessel  endothelium 
must  be  the  more  pronounced  in  all  cirrhotic  processes, — that  is, 
such  as  eventuate  in  connective-tissue  proliferation  with  destruction 
of  the  essential  tissue, — the  more  the  blood-supply  is  increased  by  the 
morbidly  exaggerated  irritation  during  the  true  hypertrophic  stage, 
and  the  more  successful  has  been  the  attempt  to  compensate  for  the 
disturbance  by  the  formation  of  new  plexuses  of  blood-vessels.  The 
degree  of  hypertrophy  of  the  blood-vessel  endothelium  is,  therefore, 
proportional  to  the  original  hypertrophy  of  the  parenchyma  which 
preceded  the  degenerative  process ;  and  the  accumulation  of  epithelial 
cells  is  only  to  a  very  slight  extent  due  to  the  proliferation  of  the 
nuclei  or  cells  of  the  connective  tissue  or  of  the  few  remaining  true 
parenchyma  cells.  The  new-formation  probably  originates  in  every 
case  not  from  the  essential  tissue  but  from  the  epithelial  coverings 
of  the  more  resistant  endothelial  and  epithelial  structures. 

Accordingly,  the  proliferation  of  the  bronchial  epithelium  and  of 
the  blood-vessels  in  the  lungs  stands  out  conspicuously  among  the 
thickened  bands  of  connective  tissue,  the  alveolar  epithelium  having 
been  utterly  destroyed.  In  the  liver  the  degenerated  liver-cells  are 
replaced  by  the  epithelial  elements  of  the  blood-vessels  and  gall- 
ducts.  In  the  pleura,  where  there  are  no  specific  elements  except  the 
endothelium  which  rapidly  disappears,  nothing  probably  remains  but 
an  accumulation  of  endothelial  cells  from  the  blood-vessels,  represent- 
ing an  abnormal  new-formation  of  blood-vessels  and  giving  rise  to  a 
variety  of  appearances  indicating  different  stages  of  retrogressive 
metamorphosis. 


V.  BACTERIAL  ETIOLOGY. 

The  interest  of  investigators  during  the  past  ten  years  has  centered 
in  the  bacteriologic  examination  of  pleural  exudates.  It  is  not  too 
much  to  say,  however,  that  this  method  of  examination,  in  this  as 
in  other  domains  of  medicine,  has  failed  both  in  the  attempt  to  give 
an  indisputable  explanation  of  the  pathogenesis  of  pleural  diseases  in 
general  and  to  furnish  a  means  of  determining  the  etiology  with  cer- 
tainty in  any  individual  case.  Nor  have  the  latest  methods,  so 
assiduously  cultivated  and  greatly  lauded  for  their  practical  value, 
succeeded  in  laying  a  foundation  for  any  notable  progress  either  in 
diagnosis  or  in  treatment. 

The  fact,  admitted  by  all  authors,  that  fission  fungi  are  absent 
in  the  great  majority  of  serofibrinous  exudates  furnishes  one  of  the 
best  proofs  that  the  presence  of  microbes  is  not  identical  with  the  dem- 
onstration of  the  general  or  special  causes  of  inflammations  of  the 
pleura. 
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The  assumption  that  the  causal  micro-organism  of  the  inflamma- 
tion cannot  exist  in  the  serous  fluid  does  not  aff"ord  a  satisfying  ex- 
planation for  the  negative  bacteriologic  result,  if  we  consider  that, 
in  the  first  place,  coagulated  serum  is  a  good  medium  for  microbes  in 
general,  and,  in  the  second  place,  bacteria  are  found  in  -many  cases 
even  in  the  fluid  serum. 

In  non-tuberculous  purulent  exudates  various  kinds  of  micro- 
organisms are  almost  constantly  present,  and  the  fact,  alread}^  men- 
tioned, that  they  are  often  found  in  serous  exudates  which  do  not 
contain  cells  conclusively  proves  that  they  do  not  owe  their  presence 
to  the  carrying  power  of  round  cells  (phagocytes). 

To  reconcile  these  contradictions  one  is  driven  to  the  additional 
hypothesis  that  the  micro-organisms  make  their  way  into  the  exudate 
only  when  they  are  not  arrested  in  the  interior  of  the  tissue.  But 
since  the  intercourse  between  the  pleura  and  the  contents  of  the 
pleural  sac  is  exceedingly  active,  as  shown  by  the  absorption  of  all 
kinds  of  substances  injected  into  the  pleura,  it  does  not  seem  prob- 
able that  they  should  be  arrested  within  the  tissue,  especially  as  the 
superficial  elements  are  constantly  being  thrown  off  in  any  intense 
inflammatory  process. 

These  considerations  lead  us  to  believe  that  a  number  of  other 
irritants  besides  the  micro-organisms  are  at  work  in  the  production 
of  serous  and  fibrinous  exudates,  such  as  chemical  bodies  and  physical 
irritants,  the  nature  of  which  may  or  may  not  be  kno\\TL  (heat,  cold, 
mixture  of  the  blood,  etc.),  and  these  irritants  are  not  necessarily 
insignificant  as  compared  with  pus-producing  micro-organisms,  nor 
do  they  differ  from  them  in  quality. 

In  suppuration  micro-organisms  undoubtedly  play  an  important, 
if  not  an  exclusive  and  permanent,  part:  but  it  is  equally  certain  that 
when  the  pleura  has  become  predisposed  in  some  definite  way,  the  sup- 
purative process  may  be  kept  up  just  as  well  by  chemical  substances  the 
products  of  micro-organisms,  as  by  the  micro-organisms  themselves.  The 
fact  that  a  sterile  empyema  is  cured  by  merely  pro\'iding  a  free  outlet 
for  the  pus  at  least  suggests  the  \'iew  that  even  sterile  pus  may  contain 
substances  which  keep  up  suppuration. 

The  study  of  the  micro-organisms  found  in  the  contents  of  the 
pleural  sac — we  adxdsedly  do  not  say  the  etiology  of  pleurisy — 
has  been  much  enriched  by  the  works  of  A.  Fraenkel,*  Weichselbaum,'* 
Netter,*  Prince  Ludwig  Ferdinand  of  Bavaria,*  Le\y,*  Jakowski,* 
and  others. 

In  general,  the  results  of  bacteriologic  investigations,  on  the 
authority  of  a  work  wliich  Jakowski  based  on  52  of  his  ovra  and  250 
other  cases,  may  be  formulated  as  follows : 

1.  It  is  not  always  possible  to  demonstrate  bacteria  either  in  serous, 
or  in  purulent  and  putrid  exudates;  but  before  pronouncing  the  result 
negative,  several  attempts  to  cultivate  the  bacteria,  as  well  as  micro- 
scopic examinations  and  inoculation  experiments,  must  be  made. 
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2.  If  the  bacteriologic  examination  is  negative,  serous  and  puru- 
lent exudates  are  to  be  regarded  as  tuberculous. 

3.  The  majority  of  idiopathic,  non-tubercular  forms  of  pleurisy 
are  caused  by  FraenkeVs  pneumococcus. 

4.  In  pleurisies  follomng  or  accompanying  pneumonia  Fraenkel's 
pneumococcus  is  found  more  constantly  than  any  other  micro-organ- 
ism; it  is  not  rarely  associated  with  streptococci  and  pyogenic  cocci 
of  various  forms,  even  in  cases  that  do  not  end  in  suppuration. 

It  appears,  however,  that  exudates  containing  more  than  one 
species  of  bacteria,  which  are  regarded  as  the  products  of  a  mixed 
infection,  show  a  greater  tendency  to  suppuration  than  the  first- 
mentioned  forms. 

In  purulent  exudates  the  specific  micro-organism  of  the  basal  disease, 
tubercle  bacillus,  typhoid  bacillus,  bacterium  coli,  etc.,  are  frequently 
found  associated  mth  the  so-called  pyogenic  micro-organisms.  This  form 
of  inflammation  must,  of  course,  also  be  regarded  as  a  mixed  infection  in 
which  the  true  cause  of  suppuration  remains  in  doubt.  It  is  to  be  noted, 
however,  that  no  incontrovertible  proof  has  as  yet  been  brought  forward 
to  show  that  the  tubercle  and  so-called  typhoid  bacilli  are  pyogenic. 
[This  statement  should  be  modified.  In  1887,  A.  Fraenkel  *  discovered 
the  pyogenic  properties  of  Bacillus  typhosus,  obtaining  it  in  pure  culture 
from  an  encapsulated  peritoneal  abscess.  Experimentally  this  pyogenic 
action  was  first  demonstrated  by  Iloux,t  and  since  by  many  other  investi- 
gators. Cobze,J  by  injecting  the  typhoid  bacillus  into  the  circulation  of 
rabbits,  and  a  few  days  later  fracturing  some  of  the  bones,  found  that  ab- 
scesses, from  which  the  bacilli  were  recovered,  occurred  at  the  point  of 
injury.  While  the  suppurative  conditions  occurring  in  the  course  of 
typhoid  fever  are  usually  due  to  mixed  infections,  not  less  than  twenty  in- 
stances are  on  record  where  Bacillus  typhosus  was  obtained  in  pure  culture. 
In  regard  to  the  pyogenic  action  of  the  tubercle  bacillus,  it  must  be  remem- 
bered that  in  the  lung  some  lesions  due  to  the  tubercle  bacillus  may  be  dis- 
tinctly inflammatory,  and  that  a  tuberculous  meningitis  may  be  largely 
purulent.  Positive  evidence  of  suppuration  is  furnished  by  Councilman,  § 
who  described  a  purulent  inflammation  of  the  lung,  and  purulent  infiltra- 
tion of  the  intestine  with  abscess  of  the  mesenteric  tymph-nodes,  due  to 
the  tubercle  bacillus. — Ed.]  A  priori  it  may  be  assumed  that  these 
bacilli,  like  their  products,  may,  in  the  presence  of  the  necessary  predis- 
position, be  able  to  produce  the  most  intense  degrees  of  inflammation. 

A  few  authors  (Loniga,'*  Pensuti,*  Fernet  ■*)  have  attempted  to  show 
that  even  a  serous  pleurisy  may  be  produced  by  the  typhoid  bacillus 
alone,  or,  to  speak  more  correctly,  that  in  the  exudates  formed  in  the  course 
of  typhoid  fever,  only  those  bacilli  are  found  which  are  now  designated 
typhoid  bacilli,  although  they  ought  rather  to  be  regarded  as  a  sub- 
variety  of  Bacterium  coli  commune  developing  under  certain  condi- 
tions. As  in  the  majority  of  cases  no  bacteria  of  any  kind  are  found 
in  the  serous  exudates  accompanying  typhoid  fever,  there  is  not  much 
ground  for  the  assumption  of  the  above-named  investigators. 

The  large  isolated  cocci  arranged  in  chains  Avhich  Ehrlich  *  found  in 

*  Verh.  d.  VI.  Cong,  fiir  innere  Medicin,  1887,  179. 

t  Lyon  Med.,  1888,  No.  26,  1880.  J  Lo  Sperimentale ,  1890,  Lxv,  651. 

^  Med.  and  Surg.  Reports  of  the  Boston  City  Hospital,  1896. 
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the  malignant  forms  of  puerperal  fever,  where  he  considers  them  a  very 
unfavorable  sign,  probably  do  not  possess  the  pathognostic  significance 
with  which  they  have  been  credited. 

It  follows,  therefore,  that  serous  exudates  do  not,  as  has  been 
stated,  differ  in  any  essential  characteristics  from  other  forms  of 
exudates,  for  they  not  rarely,  even  in  the  entire  absence  of  any  ten- 
dency to  suppuration,  contain  the  forms  of  micro-organisms  which  are 
regarded  as  the  specific  pus-producers,  while,  on  the  other  hand, 
empyema  is  often  free  from  micro-organisms,  and  Fraenkel's  pneu- 
mococcus  is  found  both  in  serous  and  in  purulent  exudates. 

In  the  empyema  of  tuberculous  subjects  there  is  often  an  entire 
absence  of  micro-organisms,  and  the  presence  of  tubercle  bacilli  is 
so  rare  as  to  suggest  an  error  of  observation,  or  an  accidental  admix- 
ture, or  the  presence  of  a  communication  between  a  tuberculous 
focus  and  the  pleura. 

In  examining  sputum  and  pleural  effusions  containing  tubercle  bacilli 
in  small  numbers  the  bacteriologic  examination,  on  which,  according 
to  the  prevalent  opinion  at  the  present  day,  the  prognosis  is  chiefly 
based,  should  be  performed  with  unusual  care,  lest  the  presence  of  a  few 
tubercle  bacilli,  which  may  have  been  deposited  on  the  slide  or  in  the 
staining  solutions  during  former  examinations,  lead  to  serious  mistakes  in 
diagnosis.    (See  page  904.)    [Inoculation  tests  should  also  be  made. — Ed.] 

It  is  difficult  to  explain  the  absence  of  tubercle  bacilli  in  tuber- 
culous exudates.  They  may  have  been  completely  destroyed  by  the 
overpowering  mass  of  pyogenic  micro-organisms  or  continue  to  exist 
in  the  form  of  minute  spores  that  cannot  be  demonstrated,  as  in  the 
caseous  material  found  in  tuberculous  glands  or  joints. 

There  is  not  much  in  favor  of  the  first  view,  since  in  a  great  number 
of  cases  of  tuberculous  empyema  no  pyogenic  micro-organisms  are 
found,  which  seems  to  show  that  the  tuberculous  exudate  is  not  a 
specially  good  culture-medium  for  ordinary  micro-organisms.  In- 
deed, there  is  good  ground  for  supposing  that  suppuration  in  these 
cases  is  produced  and  kept  up  not  by  micro-organisms,  but  solely  by 
chemical  products  which  the  diseased  tissue  is  unable  completely 
to  remove  or  expel,  and  which  therefore  keep  up  the  irritation  until 
the  normal  irritabilit}-  is  restored  by  the  evacuation  of  the  entire 
fluid  containing  the  supporting  substance  of  the  irritant  agent. 

It  is  well  known  that  the  pleural  effusion  taken  from  tuberculous  sub- 
jects and  injected  into  the  peritoneal  cavity  of  guinea-pigs  does  not  always 
produce  tuberculosis,  and  attempts  at  cultivation  and  inoculation  with 
portions  of  such  exudates,  even  when  the  most  appropriate  media  for 
the  development  of  tubercle  bacilli  are  used,  are  not  always  successful. 
In  order  to  become  a  good  nutritive  medium  for  tubercle  bacilli  a  sterile, 
coagulated  pleural  effusion  must  be  treated  before  coagulation  "^ith  about 
half  the  amount  of  veal  broth  and  glycerin.  At  all  events  the  bacterio- 
logic behavior  of  exudates  and  empyema  fluid  taken  from  tuberculous 
patients  goes  to  show  that  the  numerous  investigations  in  regard  to  the 
52 
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growth  of  micro-organisms  have  as  yet  failed  to  furnish  a  satisfactory 
answer  to  the  important  question  of  the  relationship  existing  between 
tuberculosis  and  pleuritic  alterations  in  which  the  physician  is  so  vitally 
interested. 

As  a  consequence  of  the  exaggerated  importance  attached  to 
infection  as  an  etiologic  factor,  it  has  been  erroneously  supposed 
that  exploratory  puncture  was  the  chief  factor  in  the  introduction 
into  the  pleura  of  carriers  of  infection.  I  cannot  bring  myself  to 
accede  to  this  view,  since  the  accident  cannot  always  be  avoided, 
even  when  the  most  careful  antiseptic  precautions  are  taken,  and 
clinical  observation  has  long  ago  taught  us  that  serous  exudates,  or, 
more  correctly,  serous  exudates  which  already  contain  numerous 
pus-corpuscles,  rapidly  tend  to  become  converted  into  purulent  exu- 
dates after  any  major  operative  intervention. 

An  experience  extending  over  many  years  convinces  me  that  when 
puncture  performed  with  the  usual  antiseptic  precautions  is  followed 
by  suppuration  or  putrefaction,  it  is  not  because  large  masses  of 
infective  micro-organisms  have  been  introduced  into  the  pleura,  for 
it  is  found,  on  the  one  hand,  that  puncture  of  the  abdominal  cavity 
in  ascites,  even  under  the  most  unfavorable  conditions  and  when 
repeatedly  performed,  is  not  always  followed  by  suppuration  or  peri- 
tonitis, and,  on  the  other  hand,  it  must  be  remembered  that  any 
minute  quantities  of  micro-organisms  that  may  adhere  to  the  instru- 
ment are  wiped  off  in  the  external  tissue  at  the  time  of  puncture. 

Hence  infection  by  means  of  the  syringe  or  trocar  would  have 
to  show  itself  in  an  inflammation  of  the  puncture-wound,  which  we 
know  is  a  comparatively  rare  event,  and  even  when  it  occurs  may 
have  been  caused  by  subsequent  infection  of  the  open  channel. 

While  I  cannot,  therefore,  subscribe  to  the  view  that  the  infection 
:accompanying  puncture  is  always  the  cause  of  a  diminution  in  the  exu- 
date, I  do  not  go  quite  so  far  as  to  exclude  altogether  the  possibility  of 
an  injurious  effect  following  mechanical  intervention  under  certain  con- 
ditions. I  do  not  deny  that  puncture  followed  by  aspiration  and  sudden 
evacuation  of  the  pleura  maj^  act  as  a  distinct  mechanical  irritant, 
especially  when  there  is  much  inflammation  at  the  time  of  the  operative 
intervention,  and  too  much  of  the  fluid  is  withdrawn,  or  a  large  trocar  is 
moved  about  in  various  directions.  It  is  also  possible  that  a  very  intense 
mechanical  irritation  of  this  kind  may  be  the  direct  cause  of  an  in- 
tensified tissue  activity,  which  we  call  suppuration,  whenever  there  is 
a  predisposition  to  increased  reaction. 

When  putrefaction  takes  place,  the  presence  of  carriers  of  infec- 
tion is  always  to  be  presumed.  They  enter  through  the  lymph- 
channels  of  the  pulmonary  pleura  or  they  are  carried  in  by  migratory 
cells  entering  the  pleura  from  the  lung;  but  even  in  putrid  exudates 
the  bacterial  etiology  is  not  always  distinctly  demonstrable,  as  micro- 
organisms are  not  always  found. 

A  spontaneous  decomposition  of  an  albuminous  fluid,  in  our  opinion, 
is  not  beyond  the  realm  of  possibility,  since  the  preservation  of  a  definite 
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composition  in  fluids  and  secretions  of  cavities  depends  on  the  preserving 
influence  derived  from  a  normal  fimctioiiating  tissue  in  the  wall  of  the 
hollow  organ.  At  least  it  must  be  admitted  that  the  conditions  which 
obtain  when  sterilization  is  eft'ccted  by.  exposure  to  very  high  tempera- 
tures are  not  identical  with  conditions  of  asepsis  in  the  organism. 

The  conclusion  arrived  at  is,  therefore,  that  bacteriologic  in- 
vestigation has  failed  to  explain  the  most  important  questions  in  the 
etiology  of  pleurisy.  The  presence  of  specific  p}'ogenic  micro-organ- 
isms, streptococci  and  staphylococci  of  various  forms,  is  not  necessary 
for  the  conversion  of  a  serous  into  a  purulent  exudate,  and  the  neces- 
sary conditions  for  the  formation  of  pus  are  as  much  hidden  from  our 
knowledge  to-day  as  are  the  various  causes  of  inflammation  of  the 
pletira. 

The  many  hypotheses  offered  for  the  explanation  of  these  diflScul- 
ties  do  not  suffice  to  bridge  the  chasm  existing  between  clinical 
observation  and  the  very  variable  results  of  bacteriologic  examina- 
tion. The  explanation  advanced  by  a  ntimber  of  authors,  that  the 
production  of  a  purulent  process  depends  on  the  number  and  viru- 
lence of  the  micro-organism  present,  fails  to  explain;  it  is  merely 
the  old  saj'ing  in  a  new  garb,  that  the  reaction  depends  on  the  quan- 
titative and  qualitative  nature  of  the  irritant.  But  even  this  ^dew 
of  the  action  of  micro-organisms  is  not  borne  out  by  the  results  so 
far  obtained,  since  inoculation  with  micro-organisms  present  in  smaller 
numbers,  and  therefore  presumably  more  virulent,  is  not  by  any 
means  alwaj^s  follpwed  by  any  more  dangerous  manifestations  than 
inoculation  by  other  micro-organisms,  the  virulence  of  w^hich  may 
be  doubted  from  the  fact  that  they  are  present  in  large  numbers  in 
comparatively  small  exudates. 

[Synopsis  of  Bacteriology  of  Pleuritis. — Setting  aside  the  in- 
fluence of  cold  as  a  predisposing  agent,  our  knowledge  of  the  etiology 
of  pleuris}"  may  be  summed  up  as  follows : 

The  serofibrinous,  or  so-called  spontaneous  or  idiopathic  pleurisy, 
in  A'iew  of  recent  investigations,  appears  to  be  due  to  an  irritation 
brought  about  by  the  products  of  micro-organisms.  Most  pleurisies 
can  be  accounted  for  by  either  one  of  three  micro-organisms :  tubercle 
bacillus,  Diplococcus  lanceolatus,  or  Streptococcus  pyogenes. 

Our  knowledge  of  the  etiolog}^  of  pleurisy  has  been  greatly  broad- 
ened by  the  work  of  French  investigators,  especially  that  of  Netter. 
His  article  in  the  foiu"th  volume  of  the  "Traite  de  Medecine"  gives  a 
very  complete  consideration  of  this  subject. 

■  1.  Pleurisy  due  to  the  tubercle  bacillus:  In  support  of  this  type  of 
pleurisy  w^e  have  first  certain  clinical  and  pathologic  observations, 
as:  (a)  tendency  to  pleuritis  in  tuberculous  subjects;  (6)  association 
of  tuberculosis  vnth  the  serofibrinous  type  of  pleuritis;  (c)  plem"isy 
coming  on  abruptly  in  healthy  persons  has  been  showm  by  autopsy 
or  by  subsequent  history  to  be  tuberculous;  (d)  those  who  recover 
from  this  type  of  pleurisy  frequently  develop  pulmonary  tuberculosis 
later.     Of  interest  in  connection  with  these  facts  are  the  observa- 
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tions  of  Henry  J.  Bowditch,  who  found  that  32  out  of  90  cases  of 
acute  pleuritis  under  observation  from  1849  to  1879  died  with  lesions 
of  pulmonary  tuberculosis.  Of  131  cases  of  pleuritis  of  all  types, 
examined  postmortem,  Osier  found  32  to  be  definitely  tuberculous. 

Bacteriologic  examinations,  either  by  cover-clip  preparations  or 
by  cultures,  in  tuberculous  pleurisy  are  practically  always  negative, 
as  shown  by  the  work  of  Prudden,  Grawitz,  Ehrlich,  Ferdinand,  Le 
Damany,  Eichhorst,  Netter,  Aschoff,  Levy  and  Klemperer.  This 
fact  has  led  many  observers  to  consider  negative  bacteriologic  results 
as  strong  presumptive  evidence  of  the  tuberculous  origin ,  of  these 
cases. 

Of  recent  years  inoculation  experiments  have  placed  the  theory 
of  the  tuberculous  origin  of  pleurisy  on  a  firm  foundation.  Pansini 
inoculated  pleural  exudate  from  15  cases;  in  6  cases  tuberculosis 
developed  in  the  inoculated  animal.  Netter  obtained  positive  re- 
sults in  8  of  16  cases  known  to  be  tuberculous,  and  10  of  25  cases  in 
which  pleuritis  was  supposed  to  be  due  to  exposure  to  cold.  Four- 
teen cases  which  were  explained  on  other  grounds  were  all  negative. 
As  a  result  of  this  work,  Netter  believes  that  40%  of  all  primary 
exudates  are  tuberculous,  and  that  in  serofibrinous  pleurisy  the  tuber- 
cle bacillus  is  the  most  common  agent. 

In  another  group  of  cases  reported  by  Netter,*  in  which  purulent 
exudates  from  109  cases  were  examined,  12  were  found  to  be  tuber- 
culous. Aschoff  t  examined  220  serous  exudates,  193  of  which  were 
negative  microscopically  and  by  cultures.  In  37  of  these  cases 
animals  were  inoculated,  tuberculosis  resulting  in  68%.  Of  these 
37,  12  were  so-called  idiopathic  pleurisy,  tuberculosis  resulting  in 

Equally  striking  are  the  results  obtained  by  Eichhorst,  who  was 
able  to  obtain  a  considerably  larger  proportion  of  positive  results  by 
inoculating  larger  amounts  of  exudate.  He  used  at  least  15  c.c.  of 
exudate,  and  was  able  to  demonstrate  tuberculosis  in  more  than 
62%  of  his  cases. 

Le  Damany,  by  using  even  larger  amounts  of  exudate,  in  doses 
from  10  to  50  c.c,  sometimes  giving  an  animal  as  much  as  300  c.c.  of 
exudate,  was  able  to  demonstrate  the  tuberculous  character  of  all  but 
8  of  55  primary  pleurisies.  In  4  of  the  remaining  cases,  however, 
concomitant  lesions  indicated  a  tuberculous  etiology,  thus  making 
all  but  4  cases  of  tuberculous  origin.  He  found  cultures  universally 
negative.  As  a  result,  he  divides  all  pleurisies  into  two  classes:  pri- 
mary or  tuberculous,  and  secondary  or  non-tuberculous. 

Levy  and  Klemperer  state  that  serofibrinous  as  well  as  purulent 
pleuritis  may  be  due  to  a  tubercle  bacillus. 

2.  Pleurisies  due  to  Diplococcus  lanceolatus:  Under  this  grouping 
we  have  most  of  the  so-called  "primary  empyemas"  of  children  as 
well  as  the  serofibrinous  or  purulent  pleuritis  secondary  to  pneumo- 

*Rev.  Gen.  de  Clin,  et  de  Therap.,  1890,  No.  21,  p.  341. 
\Zeit.  f.  klin.  Med.,  1896,  xxix,  p.  440. 
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nia.  This  fact  has  been  shown  by  the  observations  of  Netter,  who 
found  the  pneuinococcus  in  32  of  109  cases  of  j)uriilent  pleuritis. 
Pansini,  Prudden,  Levy  and  Kleniperer,  and  Aschoff  liave  had  similar 
results.  Wright  and  Stokes*  report  16  cases  of  fibrinous  pleuritis, 
and  6  of  enipyenias;  13  of  the  forn\er  and  4  of  the  latter  accompany- 
ing pneumonia,  in  all  of  which  Diplococcus  lanceolatus  was  found. 
Pearce,t  in  a  study  of  121  fatal  cases  of  lobar  pneumonia,  found  acute 
pleuritis  in  49;  Diplococcus  lanceolatus  being  present  in  all. 

The  prognosis  of  pneumococcus  pleurisy  is  much  more  favorable 
than  that  due  to  other  micro-organisms.  Vierordt,  ho^vever,  has 
recentl}^  reported  four  cases  of  pneumococcic  empyema  with  a  fatal 
termination;  in  two  of  these  cases  peritonitis  due  to  the  same 
organism  was  present. 

3.  Pleuritis  due  to  streptococcus:  Occurs  chiefly  in  empyemas  in 
adults,  and  is  usually  secondary  to  inflammations  of  contiguous 
structures,  as  pneumonia,  bronchopneumonia,  gangrene,  abscess  of 
lung,  wounds  or  inflammations  of  chest-wall,  or  structures  of  the 
neck;  occasionally  by  extension  from  the  peritoneum,  or  by  general 
infection  through  the  blood. 

Cases  of  streptococcus  pleuritis  have  been  reported  by  numerous 
investigators,  among  whom  may  be  mentioned  Pansini,  Netter  (who 
found  it  present  in  51  of  159  purulent  exudates).  Levy  and  Klemperer, 
and  Aschoff.  In  children  it  is  frequently  associated  with  diphtheria, 
scarlet  fever,  measles,  and  occasionally  with  whooping-cough.  Pearcet 
found  it  to  be  the  common  organism  in  the  pleuritis  of  scarlet  fever. 
Councilman,  Mallorj^,  and  Pearce,§  in  a  study  of  220  fatal  cases  of 
diphtheria,  found  that  the  streptococcus,  either  alone  or  associated 
wdth  other  organisms,  was  a  common  factor  in  the  pleuritis  of  diphthe- 
ria and  scarlet  fever. 

Man}^  other  organisms  are  occasionally  found  in  pleuritis;  thus, 
Staphylococcus  pyogenes  aureus  is  frequently  found  in  pleuritis  sec- 
ondary to  suppurations  of  other  parts  of  the  body.  Friedlander's 
bacillus,  colon  bacillus,  diphtheria  bacillus.  Micrococcus  tetragenus, 
and  typhoid  bacillus  are  also  occasionally  observed.  In  pleuritis  due 
to  the  latter  micro-organism  cases  have  been  reported  by  Charrin  and 
Rogers,  and  by  Sahli  and  Frenet.  Labiche  ||  states  that  this  form  of 
pleurisy  may  be  independent  of  diseases  of  the  lung,  and  may  be  either 
serous  or  hemorrhagic,  though  most  often  purulent.  Achard**  has 
reported  two  cases  in  which  the  typhoid  bacillus  was  obtained  in  pure 
culture.  A  doubtful  case  of  gonococcus  pleurisy  is  reported  by  Jicinsky. 
Tubercle  bacilli  were  absent  from  ,the  exudate,  which  contained 
numerous  diplococci  thought  to  be  gonococci.  No  cultures  are 
reported.      There    was  a    history   of    antecedent   gonorrhea  which 

*  Boston  Med.  and  Surg.  Jour.,  1895,  cxxxii,  p.  271. 
,  t  Boston  Med.  and  Surg.  Jour.,  Dec,  1895. 
t  Reports  of  Boston  City  Hospital,  1899. 

^Journal  of  Boston  Society  of  Medical  Sciences,  vol.  V,  No.  5,  1900. 
\\Gaz.  hebdom.,  1899,  No.  17. 
**  Le  Semaine  Medicale,  Oct.  9,  1898. 
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appears  to  have  been  the  chief  support  of  the  diagnosis.  Welcke 
found  a  parasite  which  resembled  Cercomonas  intestinahs.  It  was 
thread-Uke,  with  a  spindle-shaped  enlargement  at  one  end.  All  the 
parasites  were  active.  No  operation  was  performed  and  the  para- 
sites disappeared  from  the  pleural  cavity  after  a  time.  The  para- 
sites did  not  grow  on  culture-media  ;  injected  into  the  pleural 
cavity  of  a  rabbit  they  produced  only  pus  containing  staphylo- 
cocci.* Hamilton  investigated  the  bacteriology  in  23  out  of  a  series 
of  30  cases  of  empyema.  Streptococcus,  Staphylococcus,  and  Dip- 
lococcus  pneumoniae  occurred  each  with  about  equal  frequency, 
either  alone  or  in  combination  with  one  another  and  with  Bacillus 
tuberculosis  and  Bacillus  coli  communis.  Bacillus  ramosus,  Bacillus 
pyocyaneus,  Bacillus  subtilis,  and  Bacillus  tuberculosis  were  found 
once  each.f  May  and  Gebhard  %  report  a  case  of  pneumothorax 
due  to  the  presence  of  a  gas-forming  bacillus.  A  stab  wound  in  the 
cardiac  region  healed,  but  was  followed  by  the  development  of  a 
hemorrhagic  effusion,  with  diplococci,  in  the  left  pleural  cavity. 
Later  pneumothorax  appeared  and  the  fluid  became  purulent.  The 
pleural  cavity  contained  bacilli  which  produced  carbon  dioxid,  hy- 
drogen, and  nitrogen.  Cultures  of  Bacillus  coli  communis  and  Sta- 
phylococcus were  also  obtained.  In  the  putrid  effusions  occasionally 
met  with,  organisms  of  putrefaction,  especially  proteus,  are  found. 

The  exudates  of  pleuritis  associated  with  articular  rheumatism  and 
carcinoma  are  generally  sterile. 

To  sum  up,  pleuritis  is  usually  due  to  one  of  the  three  micro- 
organisms above  named.  There  is,  however,  no  uniform  bacteriology, 
for  other  micro-organisms  may  occasionally  produce  the  lesion,  and 
mixed  infections  are  not  uncommon.  The  pyogenic  cocci  as  well  as 
the  tubercle  bacillus  may  produce  either  serofibrinous  or  piu-ulent  exu- 
date. The  so-called  idiopathic  pleurisy  is  usually  due  to  the  tubercle 
bacillus;  that  secondary  to  lobar  pneumonia  is  in  most  cases  due  to 
Diplococcus  lanceolatas,  that  secondary  to  other  inflammatory  condi- 
tions of  the  lung,  or  of  neighboring  structures,  is  usually  due  to  the 
streptococcus,  occasionally  to  Staphylococcus  aureus  or  other  organ- 
isms.— Ed.] 

VI.  THE  TISSUE  CHANGES* 

The  changes  occurring  in  serous  membranes,  especially  in  the 
pleura,  in  the  various  stages  of  inflammation  have  been  carefully 
studied  both  clinically  and  experimentally.  At  the  beginning  of 
inflammation  circumscribed  areas  in  the  pleura  appear  opaque,  are 
rough  to  the  touch,  and  are  traversed  by  numerous  branching  vessels. 
The  surface  of  the  membrane  is  covered  by  fibrin  deposits  of  various 
shapes,  some  linear,  some  in  the  form  of  a  network,  others  ribbon- 

*  Miinchener  med.  Wochenschrift,  August  23,  1898. 
t  Montreal  Medical  Journal,  October,  1900. 
j  Deutches  Arch,  fur  klin.  Med.,  vol.  lxiii. 
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like  or  nodular;  in  the  intor\als  between  these  fibrin  coagula,  and 
on  the  denuded  serous  membrane  after  their  remoA'al,  ecchymoses  of 
varying  extent  are  found.  The  endothelium  in  these  cases  is  con- 
verted by  a  form  of  coagulation  necrosis  into  the  superficial  product 
of  the  inflannnation  known  as  the  exudate.  The  exudate  is  usually 
more  pronounced  on  the  costal  than  on  the  pulmonar}'  pleura,  where 
the  inflammatory  process,  as  a  rule,  shows  itself  only  in  the  region 
of  the  interlobular  fissures.  As  a  result  of  tliis  form  of  coagulation 
necrosis,  which  is  accompanied  by  the  formation  of  a  layer  of  fibrin, 
adhesions  of  varying  density  and  extent  are  formed  in  the  regioiLS  of 
the  apex  and  root  of  the  lung.  Where  the  excursions  of  the  organ  are 
more  extensi\'e,  as  at  the  base  and  margins  of  the  lungs,  there  are  no 
adhesions ;  the  gelatinous  and  more  elastic  exudate  is  spread  out  over 
larger  portions  of  the  organ  and  drawn  out  into  ribbon-like  bands 
b)^  the  respirator}'  movements. 

The  reason,  for  instance,  that  in  many  cases  of  phthisis  the  pleural 
adhesions  are  extensive  above  and  ribbon-shaped  below  is  either  that 
the  respiratory  displacement  varies  in  the  two  regions  or  that  the 
iniianimatory  process  over  the  lower  segments  of  the  lung  is  less 
intense. 

AMien  there  is  a  moderate  amount  of  exudate,  the  pleura  is  much 
more  succulent  than  usual,  and  even  in  the  subserous  tissue  there  is 
an  increased  turgescence  and  accumulation  of  lymph  and  lymph 
corpuscles.  After  the  acute  inflammatory  stage  an  active  new- 
formation  of  blood-vessels  in  the  plem-a  and  in  the  exudate  takes  place 
which  is  followed  b}'  absorption  of  the  fluid  portions  of  the  exudate, 
so  that  the  two  layers  of  the  pleura  become  more  approximated. 
Later  the  solid  deposits  break  do^^Ti,  the  adherent  lamella  undergoes 
fatty  degeneration,  whereupon  the  products  are  taken  up  by  the 
newh'  formed  blood-vessels  and  by  migratory  cells,  and  thus  re-enter 
the  vascular  system.  The  process  ultimately  ends  in  the  complete 
disappearance  of  the  exudate,  or  the  pleura  remains  entirely  covered 
b}'  a  layer  of  connective  tissue  which  may  be  of  considerable  thickness  ; 
or  a  thin  band  of  connective  tissue  resembling  loose  subcutaneous 
cellular  tissue  may  form  between  the  two  layers  of  the  pleura. 

According  to  Ackermann,^  the  large  newly  formed  vessels  within 
the  adhesions  of  the  pleura  ser\'e  to  carry  off  the  blood  from  the  altered 
pulmonary  tissue  and  thus  lay  the  foundation  for  a  collateral  circulation. 
Schlenker's  ^  theory,  that  fibrinous  pleiu-isy  is  alwaj's  followed  by  pleural 
adhesions  because  an  exudate  cannot  break  down  and  become  absorbed 
on  an  endothelial  surface,  does  not  appear  tenable,  since  it  is  quite  possible 
for  cells  and  liquefied  portions  of  tissue  to  be  carried  off  by  the  numerous 
vessels  which  are  formed  in  the  pleura,  and  both  endothelial  and  migra- 
tory cells  possess  the  property  of  taking  up  fatty  or  otherwise  degenerated 
corpuscular  elements.  But  as  soon  as  the  inflammatorv"  product  has 
been  removed  and  the  abnormal  stimulus  for  the  acti^•ity  of  the  newly 
formed  vessels  disappears,  the  vessels  necessarily  atrophy  from  want  of 
work,  and  are  converted  into  connective  tissue,  or  may  even  be  com- 
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pletely  absorbed  by  the  migratory  cells.  Hence  the  former  sites  of  ex- 
tensive adhesions  and  other  tissue  changes  are  often  indicated  only  by 
an  opacity  or  sHght  thickening  of  the  pleural  tissue.  The  pulmonary 
layer  of  the  pleura  appears  to  be  chiefly  concerned  in  these  resorptive 
processes. 

Another  series  of  tissue  changes  takes  place  when  a  fluid  is  formed 
in  addition  to  a  dense  deposit  on  the  surface  of  the  pleura,  often 
consisting  of  several  distinct  layers.  There  is  in  such  cases  an  abun- 
dant accumulation  of  inflammatory  products ;  the  fluid  may  be  light 
yellow  or  yellowish-green,  frequently  opalescent,  and  sometimes 
reddened  by  the  admixture  of  blood ;  it  may  be  clear  or  turbid,  either 
from  the  presence  of  coarse  shreds  of  fibrin  or  cells,  or  because  it 
contains  minute  blood-clots. 

The  pigment  of  the  exudate  is  probably  closely  related  to  lutein,  which 
is  regarded  by  Krukenberg  ^  as  the  pigmentary  element  in  blood-serum. 
Bile-pigment,  according  to  my  own  observation,  is  found  only  in  jaun- 
dice. In  an  exudate  which  became  blue  on  exposure  to  the  air,  P.  Gutt- 
mann  found  indican,  from  which  indigo  is  derived.  A  similar  observation 
was  made  by  C.  Gerhardt.^ 

The  specific  gravity  varies  between  1005  and  1035;  the  amount 
ranges  all  the  way  from  a  few  cubic  centimeters  to  many  liters,  the 
average  amount  being  from  1  to  2.5  liters.  The  fluid  when  left  to 
itself  slowly  coagulates  outside  the  body,  but  the  coagulation  may 
be  accelerated  by  heating.  On  standing,  a  heavy  sediment  consisting 
of  degenerated  red  blood-cells  and  pus-corpuscles  in  various  stages 
of  fatty  degeneration  is  precipitated ;  occasionally  well-preserved  red 
corpuscles  are  also  found.  As  a  rule,  the  specific  gravity  is  greater 
in  proportion  to  the  abundance  of  foreign  matters,  such  as  blood, 
pus-corpuscles,  and  fibrin  shreds,  present  in  the  fluid;  since  the  more 
morphologic  elements  are  present,  the  more  concentrated  "will  be  the 
lymph  that  is  formed.  On  chemical  examination  the  fluid  is  found 
to  resemble  blood-serum  in  its  constituents,  containing  urea,  choles- 
terin  (not  constant),  sugar,  and  peptone;  glycogen  ,is  not  present. 
Ox5^gen  and  nitrogen,  according  to  A.  Ewald,^  are  not  found  in 
pleural  effusions ;  on  the  other  hand,  they  contain  large  quantities  of 
carbonic  acid. 

A  transudate  (due  to  stasis)  is  said  to  contain  less  chlorids  than  an 
exudate,  although  the  amount  of  salts  is  the  same  in  both;  the  difference 
in  the  quantity  of  chlorids  is,  however,  very  slight.  The  exudate  may 
contain  as  high  as  7%  albumin;  if  more  than  3%  of  albumin  is  present, 
the  condition,  according  to  some  authors,  is  always  due  to  inflammation. 
The  formulee  given  by  Reuss  and  Runeberg  for  the  relation  between  the 
percentage  of  albumin  and  the  specific  gravity  do  not  appear  to  be  of  any 
great  practical  value. 

The  greater  the  mechanical  obstruction  to  the  removal  of  lymph 
offered  by  the  inflammation,  the  more  limited  will  be  the  passage  into 


THE  TISSUE  CHANGES.  825 

the  blood  of  lymph,  wliich  is  secreted  in  abnormally  large  masses 
by  the  irritated  tissue.  Accordingly,  it  makes  its  way  into  the  reser\'e 
spaces  of  the  tissue,  the  interstitial  clefts,  and  into  the  large  pleural 
cavity,  which  is  the  most  convenient  lymph-space  at  hand,  and  this 
materially  modifies  the  a]ij)earance  of  the  tissue  changes. 

As  the  solid  deposits  are  separated  into  distinct  la}'ers,  cavities 
are  formed  in  which  the  fluid  exudate  undergoes  varioas  alterations 
due  to  absorption,  the  entrance  of  cells,  and  to  additional  exudative 
processes.  In  this  way  isolated  or  conmiunicating  ca\'ities  are  formed 
which  are  known  as  sacculated  or  multilocular  pleurisy.  Judging 
from  the  results  of  explorator}'  puncture  it  does  not  seem  probable 
that  the  fluid,  in  the  absence  of  partitions  of  this  kind,  always 
seeks  the  lowest  level,  since  the  effect  of  gravity  may  be  materially 
interfered  with  by  aspiration  when  the  function  of  the  lungs,  the 
thoracic  muscles,  and  the  diaphragm  are  fairly  well  preserved.  In 
other  words,  the  fluid  in  the  pleural  cavity  is  always  found  at  a 
higher  level  than  gra^dty  would  seem  to  indicate,  just  as  in  a  capillary 
tube  whose  walls  are  moistened  by  the  contained  fluid. 

It  follows,  therefore,  that  the  reason  why  the  greater  portion  of  the 
exudate  is  found  in  the  lower  portions  of  the  pleural  sac  is  not  exclu- 
sively because  the  exudate  tends  to  sink  -^dth  the  effect  of  gravity, 
but  also  because  in  these  portions  the  resistance  to  the  fluid  exuda- 
tion is  much  less  than  elsewhere.  As  the  tension  of  the  lung  is  greatest 
in  this  portion,  it  offers  more  resistance  to  the  contraction  of  the 
muscles  if  the  tonic  innervation  is  not  relaxed  at  the  proper  moment 
of  inspiration,  as  under  normal  conditions.  Moreover,  a  foreign 
medium  prevents  expansion  in  this  direction  even  when  the  so-called 
secretory  pressure  is  comparati^'ely  low,  because  the  abnormal  stimulus 
in  the  inflamed  pulmonary  pleura  acts  in  the  same  direction  and 
materially  reinforces  the  tonic  expiratory  stimulus. 

It  must  also  be  remembered  that  the  distention  of  the  lower 
portions  of  the  lungs  demands  absolute  precision  in  the  mechanism 
of  respiration  and  a  specially  "\agorous  action  of  the  muscles  of  the 
thorax  and  of  the  diaphragm,  because  in  forcing  the  air  into  the  lowest 
portions  of  the  lung  its  natural  tendency  upward  must  be  overcome. 
This  is  probably  the  chief  explanation  why  a  solid  exudate  is  almost 
always  found  over  the  apices  and  a  fluid  exudate  in  the  lower  portions 
of  the  sac,  and  it  also  explains  why  the  adhesions  at  the  apices  are, 
as  a  rule,  when  the  other  conditions  of  the  lung  are  normal,  more 
dense  than  in  the  lower  portions. 

Absorption. — The  power  of  the  pleura  to  absorb  fluid  exudates 
varies  according  to  what  has  already  been  said.  In  general,  absorp- 
tion is  more  difficult  in  proportion  to  the  firmness  and  extent  of  the 
deposits  on  both  layers  of  the  pleura  from  the  beginning,  since  they 
indicate  a  high  grade  of  irritation  in  the  layers  of  the  pleura  from  which 
the  exudate  is  secreted ;  and  the  abundance  or  the  number  of  the  pre- 
cipitated elements  from  the  blood  is  an  index  of  the  strength  of  the 
irritant  or  the  extent  of  internal  tissue  activity.     The  greater  the 
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obstacle  to  the  external  work, — the  work  required  for  the  trans- 
portation of  materials  into  and  away  from  the  blood-vessels, — and 
the  greater  therefore  the  internal  activity  that  is  concerned  in  in- 
flammation, the  greater  will  be  the  difficulties  in  the  way  of  re-estab- 
lishment of  normal  conditions.  When  this  obstacle  to  transportation 
reaches  a  certain  degree,  the  exudate  either  cannot  be  absorbed  at 
all,  or  if  it  is  removed  by  artificial  means,  it  reaccumulates  in  a  short 
time,  since  the  means  are  entirely  wanting  for  the  removal  of  the 
lymph  which  is  formed  in  constantly  increasing  amount  by  the 
irritated  tissues.  The  most  favorable  event  is  the  precipitation  of 
dense  masses  of  fibrin  which  afterward  organize  and  form  connective- 
tissue  bands  of  great  width  and  detisity. 

Complete  obliteration  or  synechia  of  the  pleural  sac  rarely  occurs 
in  serous  pleurisy  with  the  present  methods  of  treatment ;  calcification 
and  ossification  occur  only  after  a  badly  healed  suppurative  pleurisy. 

To  test  the  power  possessed  by  the  pleura  of  absorbing  corpuscular 
elements  Fleiner  ^  injected  large  masses  of  defibrinated  blood  or  finely 
granulated  India  ink  into  the  pleural  cavity  of  animals,  with  careful  pre- 
cautions against  the  entrance  of  air,  and  killed  the  animals  after  ten  to 
fifteen  minutes.  He  found  that  within  a  very  short  time  corpuscular 
elements  were  taken  up,  carried  off  in  the  lymph-channels  of  the  pleura, 
and  deposited  in  the  lymph-glands  of  various  regions.  The  absorption 
evidently  takes  place  in  the  costal  and  mediastinal  pleurse,  to  the  exclusion 
of  the  pulmonary  pleura.  The  pigment  granules  were  absorbed  by  the 
costal  pleura,  assisted  in  part  by  the  action  of  the  respiratory  muscles, 
and  carried  into  the  intercostal,  but  never  into  the  bronchial,  lymph-glands. 
The  particles  coming  from  the  mediastinal  pleura  were  deposited  in  the 
peritracheal  lymph-glands  above  the  bifurcation.  Since  impaction  of 
the  lymph-glands  offers  an  obstacle  to  absorption,  Fleiner  believes  that 
a  failure  of  pleuritic  or  pneumonic  exudates  to  undergo  absorption  is 
more  often  due  to  changes  in  lymph-glands  than  has  hitherto  been  sup- 
posed. 

If  the  inflammatory  bands  undergo  retraction,  or,  to  speak  more 
correctly,  if  the  lung,  on  account  of  the  impaired  function  of  its 
tissue  or  the  impairment  of  the  entire  respiratory  mechanism,  is 
unable  to  expand,  the  form  of  the  thoracic  cavity  undergoes  marked 
variations;  it  becomes  contracted  and  distorted  in  all  its  diameters. 
Owing  to  the  atrophy  of  the  thoracic  muscles  and  the  formation  of 
contractures  from  the  absence  of  antagonistic  muscles  and  the 
ossification  of  ribs  and  joints,  the  welfare  of  neighboring  organs  may 
be  interfered  with  in  various  ways,  and  often  with  very  serious  con- 
sequences. 

The  heart,  the  liver,  the  mediastinum,  become  displaced  or 
compressed  and  their  functions  disturbed  by  interruption  of  the 
usual  nervous  influences;  these  abnormal  stimuli,  in  turn,  set  up 
other  inflammatory  processes  in  the  immediate  vicinity  and,  by 
interfering  with  compensatory  activity,  prevent  the  organism  from 
regaining  its  equilibrium. 
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One  of  the  most  important  varieties  of  the  ordinary  fluid  product 
of  exudative  pleurisy  is  the  hemorrhagic  form,  which  may  present 
every  sliade  of  red  or  brown  discoloration.  Brownish-red  as  a  rule, 
it  sometimes  appears  bright  red;  in  endothelial  cancer  of  the  pleura 
it  is  said  to  be  black,  like  the  blood  in  venesection  (A.  Fraenkel'). 
The  number  of  red  blood-corpuscles  is  small  if  the  upper  layers  only 
are  aspirated;  in  the  lower  ones  it  is  considerably  greater.  The  red 
cells  are  often  perfectly  preserved;  more  marked  alterations  are 
usually  seen  when  the  exudate  contains  large  numbers  of  pus-cor- 
puscles; rarely  hematin  crystals  are  also  found. 

In  one  case  of  sacculated  plem-isy  of  ten  years'  standing,  with  a  brown- 
ish-red exudate,  in  a  woman  affected  with  tuberculosis,  I  found,  in  addi- 
tion to  cellular  detritus,  blood  pigment,  etc.,  a  number  of  the  most  beauti- 
ful cholesterin  crystals.  At  the  autopsy  the  crystals  were  found  accu- 
mulated in  large  numbers  in  the  brown,  villous  deposits,  where  they 
formed  regular  hyaline  bodies  (drusen). 

A  hemorrhagic  exudate  is  the  expression  of  increased  acti\'ity  of 
the  vessel-walls  accompanying  distention  of  the  pleural  blood-vessels, 
— ^be  it  an  active,  acute  (congestive)  hyperemia,  due  to  inflammation, 
or  a  passive  h3^peremia  due  to  interference  with  the  flow  of  blood, — 
and  indicates  a  special  distiubance  in  the  tissues  of  the  vessel-wall 
which  we  designate  as  an  abnormal  permeability,  the  walls  of  the 
vessels,  even  when  the  tension  is  subnormal,  being  unable  to  retain 
their  contents.  This  form  of  diapedesis  always  indicates  local  or 
general,  relative  or  absolute  weakness. 

Accordingh',  hemorrhagic  exudates  are  found,  on  the  one  hand,  in 
individuals  of  good  constitution,  when  they  indicate  a  maximum  in- 
crease in  local  tissue  acti\'ity  following  an  abnormally  strong  irritant ; 
and,  on  the  other  hand,  in  marasmus,  in  alcoholics,  in  senile  and  de- 
crepit individuals,  in  the  presence  of  malignant  tumors,  in  constitu- 
tional disease,  in  scurvy,  etc.,  when  they  indicate  a  profound  nutri- 
tive disturbance.  The  nature  of  the  exudate  alone,  therefore, 
indicates  merely  a  temporary  (relative  or  absolute)  inability  of  the 
vessel-walls  to  retain  the  red  blood-corpuscles.  It  is  only  when  this 
insufficiency  becomes  permanent  that  we  are  justified  in  assuming  a 
true  permeability,  the  sign  of  absolute  debility  and  cachexia.  [A 
case  of  hemorrhagic  effusion  into  the  pleurse  and  into  the  peri- 
toneum, reported  by  Cheeseman  and  Ely,*  is  to  be  regarded  as  a  case 
of  non-malignant,  non-tubercular,  primary  hemorrhagic  effusion. 
The  pleural  cavity  was  aspirated  from  twenty  to  thirty  times  within 
a  year,  and  bloody  fluid  was  obtained  on  each  occasion.  The 
patient  had  a  fibroid  of  the  uterus.  The  effusion  was  finally  cured 
by  the  injection  of  Thiersch's  fluid  and  iodin.  Several  weeks  later 
an  accumulation  of  hemorrhagic  fluid  began  to  form  in  the  abdominal 
cavity  and  persisted  for  four  years,  finally  ceasing  with  the  meno- 

*  American  Journal  of  the  Medical  Sciences,  .\ugust,  1899, 
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pause.     Fernet  *  describes  the  occurrence  of  a  hemorrhagic  pleural 
effusion  in  an  alcoholic  subject. — Ed.] 

The  basis  for  the  tissue  alterations  in  inflammatory  hemorrhagic 
disease  of  the  pleura  is  precisely  the  same  as  in  hemorrhagic  pachymenin- 
gitis and  similar  processes;  one  of  the  chief  causes  for  the  admixture  of 
blood  in  the  exudate,  after  the  abundance  of  newly  formed  vessels,  is 
the  relative  thinness  of  the  vessel- walls. 

Since,  therefore,  a  hemorrhagic  exudate  is  often  no  more  than  an 
index  of  the  great  number  of  vessels  in  the  pleural  deposits,  one  is  not 
justified  in  regarding  it  as  directly  pathognomonic  of  tuberculous 
pleurisy,  although  as  a  matter  of  clinical  experience  it  frequently 
occurs  in  that  form ;  in  all  but  the  most  rapidly  fatal  cases  of  tuber- 
culous pleurisy  the  exudate  to  the  end  remains  serous.  Tubercle 
bacilli  have  occasionally  been  found  in  serous  exudates.  Personally, 
I  have  never  been  able  to  find  them  in  a  closed  pleural  cavity. 

It  is  difficult  in  all  cases  to  draw  a  sharp  dividing-line  between 
serous  and  purulent  exudates,  just  as  between  hydrothorax  and  a 
serous  exudate.  In  general,  it  may  be  assumed  that  a  primary  puru- 
lent effusion,  even  after  pneumonia,  is  relatively  rare;  a  serous  or 
hemorrhagic  exudate  may,  however,  become  converted  into  a  purulent 
exudate  within  a  very  short  time. 

Primary  purulent  effusions  are  usually  encapsulated  and  of  small 
extent;  they  are,  as  has  been  mentioned,  most  frequently  found  as 
so-called  metapneumonic  exudates  in  the  wake  of  croupous  pneumo- 
nia or  in  pyemic  processes.  They  are  more  common  in  children  than 
in  adults,  at  least  there  is  no  doubt  that  a  serous  exudate  in  children  is 
converted  into  a  purulent  exudate  in  a  much  shorter  time. 

Hagenbach-Burckhardt'  makes  the  somewhat  remarkable  assertion 
that  in  26  cases  of  purulent  exudate  in  children,  25  occurred  imme- 
diately after  croupous  pneumonia  and  only  1  after  scarlatina,  and  that 
in  a  number  of  these  cases  suppurative  processes  were  found  in  other 
organs  which  were  to  be  regarded  as  due  to  metastasis  or  secondary 
infection  in  a  debilitated  organism. 

To  judge  from  our  own  observations,  true  croupous  pneumonia  is 
rarely  followed  by  empyema  and  pleurisy  in  children.  The  pleurisy 
is  usually  acute  and  develops  without  any  assignable  cause  as  a  sequel 
of  inflammatory  processes  and  infectious  diseases,  or  after  those  forms 
of  bronchitis  which  rapidly  lead  to  the  formation  of  bronchopneu- 
monic  foci.  We  have  also  observed  pleurisy  following  whooping- 
cough,  but  in  these  cases  an  element  of  doubt  remained  whether  the 
severe  paroxysms  were  not  the  result  of  a  latent  central  focus  in  the 
lung. 

A  single  exploratory  puncture  does  not  suffice  to  determine  the 
nature  of  an  exudate,  and  it  must  not  be  forgotten  that  the  different 
layers  of  an  exudate  may  contain  different  materials.  Since  the 
heaviest  portions  tend  to  sink  to  the  bottom,  it  is  often  found  that  a 

*Soc.  Med.  Par.,  June  22,  1900. 
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serous  exudate  contaiiiiii.t;  ahiuuhml  round  cells  consists  of  two  or 
even  three  layers,  the  highest  of  which  is  clear  and  transparent,  and 
of  lower  specific  gravity  than  the  deeper  ones,  which  usuall}-  contain 
all  the  corpuscular  elements  present.  Thus,  if  the  upper  layer  is  first 
aspirated,  and  after  a  few  da>'s  the  puncture  is  repeated  in  the  lower 
layer,  one  would  be  apt  to  infer  that  a  serous  exudate  had  become 
converted  into  a  purulent  one,  whereas,  in  reality,  one  simpl}^  has  to 
deal  with  a  serous  exudate  containing  many  cellular  elements.  A 
purulent  exudate  may,  as  has  been  mentioned,  present  the  widest 
variations  of  color  and  density.  It  is  almost  never  as  thick  as  the  pus 
from  an  old  abscess  cavity;  usually  it  contains  small  quantities  of 
blood.  In  metapneumonic  exudates  it  is  more  mucopurulent,  the 
color  variations  ranging  all  the  way  from  yellowish-white  and  yellow- 
ish-green to  brownish-yellow  and  brownish-red.  The  specific  gravity 
varies  widely.  The  exudate  contains  numerous  cells  of  varying  size 
and  form  in  all  stages  of  degeneration ;  cells  containing  several  small 
nuclei  or  a  single  vesicular  nucleus  filling  the  entire  cell-body  are  not 
uncommon.  Usually  these  morphologic  elements  are  derivatives  of 
the  white  blood-corpuscles ;  sometimes,  however,  they  show  the  char- 
acters of  pleural  endothelium.  All  kinds  of  bacteria  are  found  by 
appropriate  staining. 

The  peculiar  fatty  character  of  the  empj-ema  fluid  in  tuberculous 
subjects,  which  often  resembles  a  fatty  emulsion,  and  is  due  to  extensive 
degeneration  of  the  many  cellular  elements  which  it  contains,  has  led  to 
the  adoption  of  a  special  term — empyeme  graisseux  (Bouveret  ^ ) . 

Purulent  exudates  may  undergo  spontaneous  absorption,  but  this 
event  is  not  as  common  as  rupture  into  a  bronchus  or  some  other  or- 
gan. Occasionally  w^hen  empyema  is  left  to  itself,  encapsulation, 
inspissation,  and  caseation,  or  conversion  into  dense  plates  may  take 
place.  If  encapsulation  occurs,  the  various  cavities  may  at  the  same 
time  contain  serous  and  purulent  fluid. 

A  putrid  exudate  is  usually  greenish-yellow  in  color;  more  rarely 
yellowdsh-brown  or  chocolate  brown.  It  emits  a  cadaverous  odor; 
macroscopically  numerous  plugs  consisting  of  detritus  and  micro- 
organisms are  found,  and  on  microscopic  examination  disintegrated 
cells  of  various  forms,  hematin  crystals,  needles  of  fatty  acid  and  free 
fat,  leucin,  tyrosin,  and  cholesterin,  as  well  as  micro-organisms,  are 
seen.  In  rare  cases  an  apparently  normal  serous  exudate  may  be 
fetid  in  character. 

The  question  whether  putrefaction  of  the  pleural  effusion  can 
occur  primarily — that  is  to  say,  mthout  the  existence  of  a  pulmonary 
or  thoracic  fistula — should,  I  believe,  be  answered  in  the  affirmative. 
In  the  first  place,  an  exudate  always  contains  the  germs  of  disintegra- 
tion, and  when  it  is  in  a  measure  left  to  itself,  and  the  vital  conditions 
in  the  surrounding  membranes  have  suffered  a  certain  alteration,  the 
fluid  may  readily  undergo  decomposition  without  coming  into  direct 
contact  with  the  external  atmosphere,  and,  in  the  second  place,  the 
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possibility  of  the  entrance  of  the  specific  niicro-organism  of  decompo- 
sition can  never  be  excluded  in  a  cavity  the  walls  of  which  are  not 
hermetically  sealed,  but  keep  up  a  constant  metabolism  with  sur- 
rounding structures  by  means  of  numerous  clefts  or  tears  and  other 
channels. 

In  a  word,  micro-organisms  and  other  exciting  causes  of  putrefac- 
tion may  reach  the  exudate  by  the  continuity  of  the  tissues  whenever 
the  vital  powers  of  the  pleura  are  diminished,  and  additional  chances 
for  putrefaction  to  take  place  are  afforded  by  the  presence  of  putrid 
processes  in  neighboring  portions  of  the  lungs,  not  to  mention  disease 
of  the  other  adjoining  organs.  In  destructive  processes,  such  as  caries 
of  the  vertebrge,  esophageal  or  gastric  tumors,  carcinoma,  gangrenous 
foci  in  the  lungs,  pneumothorax,  the  rupture  of  tuberculous  cavities,  it 
is  impossible  to  prevent  the  ultimate  putrefaction  of  the  pleural 
contents. 

The  form  described  by  Frantzel  as  pleuritis  aciitissima  appears  to 
possess  a  special  tendency  to  putrefaction,  probably  because  under 
the  influence  of  the  greatest  possible  inflammatory  stimulus  present 
in  that  variety  the  vital  power  of  the  tissue  is  rapidly  destroyed. 
The  same  conditions  which  destroy  the  power  of  the  tissue  to  per- 
form the  necessary  work  for  preser"sdng  its  integrity  obviously 
suffice  to  bring  about  the  disintegration  of  the  tissue  itself  and  of  its 
contents. 

It  has  already  been  stated  that  serous  and  pm'ulent  fluids  may 
exist  side  by  side  in  the  various  cavities  of  a  multilocular  pleurisy,  and 
we  may  add  that  serous,  putrid,  and  hemorrhagic  exudates  may  also 
be  present  at  the  same  time.  Even  a  purely  serous  fluid  may  emit  an 
extremely  fetid  odor. 

This  odor  in  a  serous  exudate  is  not  always  the  product  of  decom- 
position or  putrefaction  of  the  exudate  itself,  but  may  be  inherent  in 
the  fluid;  its  origin  may  be,  for  instance,  a  gangrenous  focus  outside  of 
the  pleura,  within  the  lung,  or  in  one  of  the  neighboring  organs.  Similar 
conditions  occur,  as  we  know,  in  the  peritoneum,  where  any  variety  of 
accumulated  fluid,  especially  thin  pus,  is  very  apt  to  develop  a  fecal  odor 
even  in  the  absence  of  intestinal  perforation. 

Purulent  and  putrid  effusions  not  infrequenth'  lead  to  extensive 
necrotic  processes,  erosions,  ulcers,  perforations,  and  abscesses  due  to 
congestion  and  stasis.  Necrosis  of  the  pulmonary  pleura  is  usually 
followed  by  rupture  into  the  bronchi,  while  necrosis  of  the  costal  pleura 
most  frequently  leads  to  undermining  of  the  intercostal  muscles, 
bulging  of  the  skin,  and  the  formation  of  an  abscess  rupturing  on  the 
surface  of  the  body — empyema  necessitatis.  Direct  rupture  through 
the  diaphragm  is  extremely  rare.  Extension  of  the  inflammation 
by  contiguity  to  the  peritoneal  cavity  is  much  more  common.  On 
the  whole,  involvement  of  the  peritoneum  in  abscess  of  the  pleura 
appears  to  be  relatively  less  common  than  the  formation  of  a  pleural 
exudate  in  peritoneal  diseases,  especially  if  evacuation  of  the  fluid, 
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either  external  or  internal,  is  delayotl.     Pveniic  processes  not  infre- 
quently follow  an  untreated  or  incorrectly  treated  pleurisy. 

If  so-called  pyogenic  membranes  develop  on  both  layers  of  the 
pleura,  a  constant  renewal  of  the  exudate  takes  place,  and  exen  after 
the  fluid  has  been  withtlrawn  either  by  puncture  or  through  some 
internal  channel,  recovery  is  delayed  as  long  as  the  tendency  to 
secretion  continues.  Such  patients  usually  die  of  exhaustion  from 
the  constant  formation  of  pus,  or  of  fatty  heart,  or  amyloid  de- 
generation. 

It  may  be  mentioned  here  that  erosion,  necrosis,  and  finally  rupture  are 
not  directly  produced  by  the  action  of  the  exudate — either  the  pressure  or 
any  peculiar  chemical  corrosive  quality  of  the  fluid;  they  are  the  result 
of  the  exudative  irritant,  which,  as  is  shown  by  the  process  of  healing, 
resides  partly  in  the  pleura  but  chiefly  in  the  exudate  itself  and  produces 
a  constantly  increasing  tendency  to  pus  formation;  that  is  to  say,  the 
demand  on  the  local  external  acti\-ity  of  the  tissues  is  so  great  that  the 
local,  internal  work  necessar}'  for  the  maintenance  of  the  integrity  of  the 
tissue  eventually  suffers,  or,  in  other  words,  necrosis  and  disintegration 
must  take  place  unless  the  irritant  is  removed. 

It  may  not  be  amiss  also  to  point  out  once  more  that  the  pyogenic 
membrane  is  not  the  cause  of  pus  formation.  On  the  contraiy,  the 
formation  of  a  true  pyogenic  membrane  is  the  result  of  insufficient  ex- 
pansion of  the  lung,  and  is  the  characteristic  expression  of  a  maximal  irri- 
tation in  the  pleura — an  effort,  so  to  speak,  to  fill,  by  uniting  the  layers 
of  the  pleura  or  forming  a  plastic  exudate,  an  abnormal  space  which  would 
not  exist  if  the  lung  expanded  sufficiently  and  the  function  of  the  respira- 
tor}' mechanism  were  perfect.  The  costal  pleura  and  the  thoracic  wall 
are  unable  to  perform  the  external  (mechanical)  work  of  aspiration  if  they 
are  occupied  in  producing  abnormally  large  masses  of  inflammatory  pro- 
ducts; that  is  to  say,  are  doing  chiefly  plastic  work.  The  production  of  a 
pyogenic  membrane  or  of  large  plastic  deposits  merely  shows  in  many 
cases  that  the  therapeutic  measures  are  not  sufficiently  reinforcing  the 
natural  regenerative  process,  which  demands,  above  all,  the  expansion 
of  the  primarily  infected  lung  and  the  evacuation  of  the  exudate,  or  that 
the  treatment  has  come  too  late  and  therefore  could  not  contribute  to 
the  cure  of  the  condition. 

In  concluding  the  discussion  on  the  causes  of  the  production  of  the 
different  varieties  of  exudate,  we  are  forced  to  admit  that  several 
points  still  demand  careful  study.  Conversion  of  the  exudate  into 
pus  is  probably  due  in  every  case  to  the  appearance  of  specific  infec- 
tious agents  or  chemical  substances,  the  source  of  which  we  are  at 
present  unable  to  determine,  since  the  same  variety  of  bacteria  and 
identical  external  influences  are  observed  to  produce  different  varie- 
ties of  exudate,  and  in  many  cases  it  is  difficult  to  believe  that  this 
difference  is  due  solely  to  inci'eased  virulence  of  the  respective  bacteria 
or  imusual  magnitude  of  the  irritant  agent.  Again,  disposition,  or, 
in  other  words,  differences  in  reaction,  pla}'  an  important  role,  and 
it  is  much  to  be  desired  that  more  attention  be  paid  to  this  factor 
in  explaining  mixed  infections;   that  is,  cases  in  which  different 
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varieties  of  micro-organisms  are  found  in  the  same  exudate  at  the 
same  time. 

In  all  extensive  pleurisies,  particularly  in  the  acute  purulent 
forms,  there  are  found,  in  addition  to  the  alterations  within  the  thorax, 
changes  in  the  thoracic  walls,  edema  of  the  subpleural  tissue,  inflam- 
mation of  the  intercostal  muscles,  and  a  more  or  less  extensive  and 
brawny  edema  of  the  skin,  especially  in  the  lateral  walls  of  the  thorax, 
the  degree  of  which  is  best  determined  by  pinching  up  a  fold  of  skin  at 
corresponding  points  on  the  chest-wall. 

Having  in  the  foregoing  discussed  the  changes  and  ultimate  re- 
sults dependent  upon  the  quality  of  the  exudate,  it  remains  to  say  a 
few  words  concerning  the  equally  important  phenomena  due  to  the 
quantity  of  the  fluid. 
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If  we  assume  the  air-contents  (vital  capacity  plus  residual  air)  of 
the  lungs  in  a  vigorous  adult,  not  affected  with  emphysema,  to  be 
4500  to  5500  or  6000  c.c,  we  shall  get  an  approximate  idea  of  the  de- 
gree of  compression  of  the  lung  and  the  diminution  in  the  respiratory 
surface  which  would  have  to  result,  even  from  a  moderate  accumula- 
tion of  fluid,  if  it  were  not  for  the  fact  that  the  neighboring  organs 
are  displaced  and  thus  tend  to  maintain  an  adequate  respiratory 
surface. 

The  consequences  of  the  so-called  pressure,  however,  also  manifest 
themselves  in  a  diminution  of  the  volume  of  the  lung  due  to  atelectatic 
processes.  The  organ  may  by  retraction  gradually  become  airless 
(atelectatic),  and,  if  the  effusion  is  very  great,  the  direct  compression 
may  convert  the  lung  into  a  dense,  dark-brown,  compact  body  which 
usually  occupies  the  region  of  the  former  hilum  between  the  thoracic 
wall  and  the  vertebral  column,  but  may  also  be  displaced  upward  or 
directly  backward  by  the  action  of  adhesions  or  other  abnormal  condi- 
tions. Under  favorable  circumstances  it  may,  after  the  effusion  has 
become  absorbed,  completely  regain  its  distensibility.  In  addition, 
other  changes  result,  due  only  in  part  to  pressure  or  the  action  of 
gravity ;  dislocation  of  the  mediastinum  and  of  the  heart,  kinking  of 
the  large  vessels,  flattening  and  depression  of  the  diaphragm,  and 
dilatation  of  the  thoracic  cavity. 

The  mechanism  of  dislocation  by  an  exudate  deserves  especial 
consideration,  as  the  difficulties  in  the  way  of  a  satisfactory  explana- 
tion have  not  been  entirely  removed  by  the  great  number  of  experi- 
ments and  clinical  investigations.  Of  late  years  the  dynamic  (biologic) 
conditions,  the  tone  of  the  tissues,  which  is  the  basis  of  the  vital 
manifestations,  has  been  somewhat  neglected  in  favor  of  what  I  should 
like  to  call  the  static  conditions. 

The  usual  explanation  of  these  processes  is  as  follows : 

The  expansion  of  the  lung,  as  is  well  known,  depends  on  three 
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factors:  (1)  The  atiiiospheric  pressure  against  its  inner  surface,  by- 
virtue  of  its  free  connnunication  with  the  atmosphere  through  the 
bronchi;  (2)  the  pressure  acting  on  the  outer  surface  (pulmonary 
pleura)  of  the  lung;  and  (3)  the  intrinsic  elasticity  of  the  organ.  As, 
however,  the  external  prc^ssure  does  not  exist  under  normal  conditions, 
because  the  bony  and  muscular  walls  of  the  thorax,  which  is  air-tight 
and  contains  the  lungs,  support  the  weight  of  the  atmosphere,  only 
two  factors — the  internal  pressure  and  the  elasticity,  which  work  in 
opposite  directions — come  into  consideration.  While  the  former 
tends  to  expand  the  organ,  the  effect  of  the  latter  is  to  contract  the 
lung  concentrically  and  to  reduce  it  to  the  volume  which  it  assumes 
when  it  is  taken  out  of  the  thorax. 

It  follows,  therefore,  as  a  consequence  of  the  air-tight  conditions 
within  the  thorax,  that  the  lung  is  forced  by  the  enormous  excess  of 
pressure  on  its  internal  surface  to  follow  the  dilatation  of  the  thoracic 
walls  to  their  extreme  limit,  and  it  is  only  when  this  internal  pressure 
is  to  a  certain  extent  neutralized  by  the  corresponding  external  pres- 
sure which  occurs  w^hen  the  thoracic  walls  collapse  in  expiration  that 
the  action  of  the  elasticity  of  the  lung  can  bring  about  a  diminution  in 
the  size  of  the  organ  by  active  contraction. 

This  neutralization  obviously  cannot  take  place  if  there  is  a  positive 
pressure  in  the  pleural  cavity,  or,  rather,  if  the  presence  of  a  foreign 
medium  permits  of  a  pleural  cavity  being  formed,  or  if  an  increase 
in  the  intra-abdominal  pressure  forces  the  diaphragm  against  the 
thoracic  cavity,  so  that  the  pressure  equilibrium  can  be  re-established 
only  by  an  alteration  in  the  tension  and  position  of  this  dividing  wall 
at  the  expense  of  the  volume  of  the  lung. 

In  the  same  way  a  diminution  in  the  thoracic  space  occurs  when  the 
action  of  the  thoracic  muscles,  which  work  in  the  same  direction  as  the 
intrabronchial  pressure,  is  impaired  by  the  interposition  of  a  foreign 
medium.  The  greater  the  pressure  exerted  on  the  pleura,  the  greater 
the  compensatory  internal  pressure  and  the  greater  the  demand  on 
the  elasticity  of  the  lung  or  on  the  active  forces — the  intercostal  mus- 
cles and  the  diaphragm,  which  are  then  required  to  counteract  the 
spontaneous  contraction  of  the  lung  and  thus  to  achieve  the  same 
expansion  as  before. 

For  the  full  effect  of  the  elasticity  of  the  lung — that  is  to  sa}',  the 
retraction  of  the  lung  as  seen  in  the  organ  when  it  is  removed  from  the 
body — to  make  itself  felt,  the  external  pressure  must  be  equal  to  the 
pressure  of  the  atmosphere,  or,  in  other  words,  to  the  internal  pres- 
sure, hence  a  true  compression  of  the  lung  can  take  place  only  when 
this  point  has  been  reached ;  that  is  to  say,  a  condition  when  the  walls 
are  approximated  not  by  the  effect  of  active  elasticity,  but  by  an 
excessive  external  pressure,  and  when  the  bronchial  walls,  which 
normally  are  held  apart  by  their  cartilaginous  rings,  are  so  compressed 
that  all  the  air  escapes,  thus  leading  to  the  well-known  picture  of  com- 
pression atelectasis  with  occlusion  of  the  alveoli  and  blood-vessels. 

On  careful  consideration  of  individual  cases,  however,  it  is  found 
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that  this,  at  first  sight  plausible  and  simple  explanation  does  not 
completely  suffice  to  elucidate  the  mechanism  of  compression  of  the 
lung,  because  the  physical  conditions  are  too  complicated  to  be 
explained  by  the  mere  assumption  of  some  alteration  in  the  external 
and  internal  air-pressure. 

It  has  been  clearly  shown  by  experiment  that  it  is  not  always 
possible,  even  when  employing  considerable  force,  to  introduce  a 
foreign  medium  into  the  pleural  sac  when  the  lung  is  intact,  and  we 
find  from  clinical  experience  that  the  formation  of  atelectasis  bears  no 
proportion  to  the  degree  of  pressure  exercised  by  the  exudate.  Ley- 
den,^  Quincke/  Homolle,^  and  Schreiber^  found  by  actual  measure- 
ment that  even  in  the  presence  of  very  large  exudates  the  increase  in 
the  intrapleural  pressure  was  scarcely  equal  to  one-twentieth  of  an 
atmosphere;  in  many  cases  it  even  fell  below  this  limit. 

How,  then,  is  it  to  be  explained  that  complete  compression  of  the 
entire  lung  often  occurs  when  there  is  only  a  moderate  effusion?  and 
how  is  it  that  often  only  one  portion  of  the  lung — the  lower  lobe — 
becomes  compressed  and  atelectatic,  the  other  portions  appearing  to 
be,  if  anything,  expanded? 

The  answer  to  these  questions  is  readily  found  if  we  consider  a 
factor  which  has  received  too  little  attention  in  the  past — namely, 
the  effect  of  tonus  on  the  mechanism  of  respiration  in  pleural  effusions. 

Since,  as  has  been  already  explained,  the  lung,  on  the  one  hand, 
follows  the  inspiratory  pull  of  the  diaphragm  and  other  respiratory 
muscles  as  the  thorax  expands,  and  the  diaphragm,  on  the  other  hand, 
as  it  relaxes  follows  the  pull  of  the  retracting  lung,  a  moderately 
large  pleural  effusion,  under  the  influence  of  the  above-mentioned 
factors,  among  which  gravity  plays  a  prominent  although  not  the 
€hief  role,  first  accumulates  in  the  dependent  portion  of  the  thorax, 
that  is  to  say,  in  the  complementary  spaces  of  the  lung  between  the 
crura  of  the  diaphragm  and  the  thoracic  wall.  This  induces  a  relaxa- 
tion of  the  diaphragm ;  the  muscle  descends  and,  owing  to  the  presence 
of  the  fluid,  part  of  the  lung  is  withdrawn  from  the  full  influence  of  the 
diaphragm,  just  as  the  effect  of  the  lung  on  the  diaphragm  is  lost. 
Accordingly  the  inspiratory  flattening  and  downward  movement  of 
the  diaphragm  will  be  diminished  in  proportion  to  the  extent  of  the 
effusion  separating  it  from  the  lung,  and  since,  owing  to  the  obliteration 
of  the  capillary  space  between  the  lung  and  the  diaphragm,' the  traction 
exerted  on  the  lung  is  interfered  with,  the  expiratory  contraction  of 
the  lung  is  diminished  in  the  same  proportion,  because  the  overloaded 
diaphragm  has  to  be  elevated  by  the  lung  during  expiration.  In 
other  words,  the  respiratory  excursions  of  the  lung  and  diaphragm 
diminish  as  the  exudate  increases,  because  the  correspondence  be- 
tween the  two  factors  working  in  the  same  direction  is  lost,  or  at  least 
materially  modified. 

But  the  mechanical  effect  is  not  the  only  one  exerted  on  respiration 
by  the  exudate,  since  it  has  already  been  stated  that  the  degree  of 
atelectasis  bears  no  proportion  to  the  extent  of  the  exudate.     Evi- 
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dently  some  other  iiifiuenee  is  at  work  which,  in  my  opinion,  is 
more  important  than  any  other,  although  it  has  not  received  the  atten- 
tion it  deserves  in  the  discussions  of  this  subject.  I  have  been  unable 
to  find  in  the  literature  any  reference  to  the  important  fact  that  the 
antagonism  between  the  so-called  elasticity  of  the  lung  which  tends  to 
contract  the  lung  concentrically,  and  the  intrabroncliial  pressure  which 
tends  to  dilate  it,  is  really  an  antagonism  between  the  tonus  of  the 
dilators  of  the  thorax  and  the  tonus  of  the  contractors,  the  most  impor- 
tant element  in  which  is  the  tissue  tonus  of  the  lungs,  or,  in  other  words, 
its  power  of  retraction.  The  lung  during  life  does  not  contract  solely 
by  virtue  of  its  elasticity,  any  more  than  muscles  extend  by  a  relaxa- 
tion of  their  elasticity  or  contract  b}^  an  increase  in  that  important 
function.  The  lung  is  not  expanded  by  the  traction  of  the  muscles, 
i.  e.,  by  distention;  its  volume  is  not  increased  by  force,  but  solely  by  a 
relaxation  of  the  pulmonary  tonus,  which  occurs  whenever  enough  air 
is  forced  in  by  the  intrabronchial  pressure  to  fill  the  vacuum  produced. 

The  work  of  the  dilators  of  the  thorax,  the  iaspiratory  muscles,  is 
almost  entirely  lost  whenever  for  any  reason  the  tonus  of  the  lung  at 
the  beginning  of  inspiration  refuses  to  relax,  as  in  bronchial  asthma, 
or  when  there  is  any  obstruction  to  the  entrance  of  air,  as  in  stenosis 
of  any  portion  of  the  air-passages.  It  is  also  a  well-kno^\^l  fact  that 
even  a  considerable  diminution  of  the  intrabronchial  pressure  (as  when 
the  atmosphere  is  rarefied)  does  not  prevent  respiration,  even  wdthout 
undue  exertion  of  the  respiratory  muscles,  provided  there  is  a  corre- 
sponding diminution  in  the  tonus  of  the  lung  at  the  beginning  of 
inspiration,  because  the  work  required  of  the  respiratory  muscles  for 
expansion  is  correspondingly  dimmished. 

As  will  be  shown  more  at  length  later  on  (see  page  915)  the  lung, 
in  common  "with  all  other  tissues,  possesses  an  active  tonus,  by  virtue 
of  which  the  organ,  which  is  held  mthin  the  thoracic  cavity  by  the 
two  layers  of  the  pleura,  becomes  by  a  special  arrangement  of  all  its 
component  parts  tense  in  the  physical  sense  without  being  distended. 
By  this  means  the  volume  becomes  enlarged*  by  relaxation  or  loss  of 
tonus,  without  distention,  and  diminished  by  an  increase  of  tonus, 
again  without  distention. 

This  apparently  paradoxical  view  becomes  intelligible  when  it  is 
remembered  that  the  living  tissue  consists  of  two  dynamically  different 
portions:  the  tiling  molecules  which  are  capable  of  great  cohesion,  and 
the  dead  molecules  or  the  molecules  of  tonus  and  water,  so  that  any  altera- 
tion in  the  volume  is  coupled  with  the  expulsion  or  reception  of  fluid 
and  a  redistribution  and  dynamic  union  of  the  smallest  elements. 

The  li\dng  tissue  must,  therefore,  be  made  up  of  resting  portions  (not 
visibly  in  motion),  capable  of  taking  up  (endowed  with  great  powers 
of  combination),  and  of  working,  actively  expelling  portions,  in  which 
visible  motion  is  great  and  the  power  of  combination  small  in  proportion 
to  the  expelling  power  or  that  which  performs  visible  work.  In  no  other 
way  is  the  arrangement  of  the  parts  on  which  tonus  depends  and  the 
prompt  performance  of  work. with  so  Uttle  friction  possible. 
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It  is  like  a  rope  that  is  stretched  taut  by  weights  attached  to  each 
end.  When  subjected  to  an  excessive  strain,  the  rope  would  part,  with 
the  production  of  heat,  if  it  were  not  moistened  with  water  and  a  change 
in  the  distribution  of  the  intermolecular  forces  thus  brought  about,  so  that 
instead  of  a  solution  of  continuity,  an  additional  shortening  takes  place. 

There  is  a  well-known,  although  not  absolutely  authentic  story,  that 
the  erection  of  the  obelisks  in  Rome  by  Fontana  was  accomplished 
by  moistening  the  ropes  with  water,  which  not  only  prevented  the  heated 
rope  from  parting,  but  also  furnished  the  necessary  tension  for  the  final 
lift. 

The  expansion  of  the  lung  during  inspiration  is  not  a  distention  like 
that,  for  instance,  which  takes  place  in  a  thin-walled  hollow  rubber 
ball.  It  is  rather  a  relaxation  due  to  loss  of  tonus,  and  this  relaxation 
must  eventuate  in  the  filling  of  the  lung  with  air  whenever  the  dilata- 
tion of  the  thoracic  walls  allows  distention  to  take  place  and  the  neces- 
sary air  required  to  fill  the  vacuum  is  provided. 

One  of  these  conditions  is  fulfilled  by  the  dilatation  of  the  bony 
thorax  through  the  inspiratory  muscles  which  tend  to  contract 
under  the  influence  of  a  maximum  tonus  and  enlarge  the  intercostal 
spaces.  The  second  condition  is  fulfilled  by  the  simultaneous  estab- 
lishment of  a  free  communication  between  the  air-passages  and  the 
atmosphere,  in  which  the  openers  of  the  glottis  play  the  most  im- 
portant part. 

Accordingly,  there  is  an  antagonism  between  the  tonus  of  the  in- 
spiratory muscles  of  the  thorax  and  the  tonus  of  the  pulmonary  tissue. 
The  inspiratory  stimulus,  conducted  by  the  nerve-paths  and  the  blood, 
is  a  double  stimulus  exciting  the  action  of  the  inspiratory  muscles  and 
inhibiting  the  reflexly  contractile  portions  of  the  lungs.  And,  conversely, 
the  strongest  inhibitory  stimulus  to  respiration  is  an  exciting  stimulus 
to  the  pulmonary  tonus,  as  is  shown  by  the  well-known  experiments  on 
the  vagus  and  by  distending  the  lung  with  air  (Hering-Breuer  and  others). 

Certain  stimuli  affecting  the  pleura  tend  to  reinforce  the  expira- 
tory stimulus,  and  since  they  work  in  the  same  direction  as  the  pul- 
monary tonus  they  are  at  the  same  time  inhibitory  stimuli  to  inspira- 
tion. The  most  important  of  these  stimuli  is  inflammation  of  the 
pleura,  and  accordingly  the  excursion  of  the  affected  half  of  the  thorax 
is  diminished  by  the  accumulation  of  an  exudate,  and  this  diminution 
would  be  even  greater  were  it  not  that  the  simultaneous  reduction  in 
the  respiratory  surface,  which  acts  as  a  compensatory  reinforcement 
of  the  inspiratory  muscles,  prevents  an  excessive  lessening  of  the  in- 
spiratory movements. 

Since,  however,  the  stimuli  have  a  mutual  effect  on  one  another,  it 
is  obviously  very  difficult  to  determine  beforehand  the  exact  state  of 
the  respiratory  activity  in  the  presence  of  exudations.  There  is  no 
doubt  that  true  dyspnea  indicates  a  lessening  of  the  respiratory  sur- 
face, while  a  mere  diminution  in  volume  of  one-half  the  thorax  may  be 
regarded  as  indicating  irritation  within  the  pleural  cavity,  acting  as  a 
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stimulus  on  the  tonus  of  the  lung,  and  therefore  having  the  effect  of  an 
inhibitory  stimulus.  But,  in  addition  to  this  reinforcement  of  the 
effort  on  the  part  of  the  lung  to  contract,  there  is  another  factor  at 
work  in  the  production  of  local  atelectasis  due  to  the  pressure  of  the 
exudate. 

For,  since  the  exchange  of  gases  between  the  air  in  the  lungs  and 
the  pulmonary  vessels — the  essential  activity  of  the  organ  which  we 
somewhat  incorrectly  designate  absorption  of  oxygen,  whereas  it  is  in 
reaht}^  a  specific,  parti}'  chemical  and  partly  physical  activity,  in  other 
words,  a  secretion — depends  chiefly  on  the  strength  of  the  inspiratory 
and  expiratory  air-current  or  the  power  (kinetic  value)  of  the  moving 
current  of  air,  a  mere  diminution  or  stoppage  of  the  air-current  in  those 
portions  which  are  chiefly  concerned,  namel}',  the  lowest  portions  of 
the  lung,  necessarily  favors  the  absorption  of  the  remaining  air  by 
the  pulmonary  vessels,  and  possibly  also  by  the  surrounding  pleural 
fluid.  This,  then,  is  an  additional  factor  tending  to  favor  diminution 
in  the  volume  of  the  affected  portion  of  the  lung  by  the  constantly 
increasing  tonus, — the  elasticity  of  the  organ, — or,  in  other  words,  for 
the  production  of  the  condition  which  is  known  as  atelectasis. 

The  same  thing  occurs  in  the  other  portions  of  the  lung;  for,  as 
the  fluid  seeks  a  higher  level  with  the  increase  of  the  effusion  and 
forces  itself  between  the  upper  portions  of  the  thoracic  wall  and  the 
lung,  the  same  interference  with  the  entrance  of  air  necessarily  takes 
place  and  leads  to  the  production  of  absorption  atelectasis,  conditions 
which  have  been  pointed  out  by  Traube,  and  later  more  particularly 
by  Lichtheim.^ 

It  should  be  mentioned  that  the  events  just  described  may  be 
brought  about  by  any  form  of  exudate,  since  the  retraction  of  the  lung 
depends  on  the  strength  of  the  intrapleural  stimulus  which  reinforces 
the  tonus  of  the  lung  and  inhibits  the  tonus  of  the  respiratory  muscles. 
A  considerable  diminution  in  volume,  or  at  least  a  restriction  of  the 
movements  of  one-half  of  the  thorax,  may,  therefore,  take  place  when 
the  two  layers  of  the  pleura  are  separated  only  by  a  layer  of  fibrin,  the 
product  of  intense  inflammation,  or  become  the  seat  of  inflammatory 
hyperemia.  In  a  word,  the  mechanism  of  the  air-supply  of  the  lung 
ma}^  be  disturbed  by  anything  which  affects  the  capillar}^  space  be- 
tween the  two  layers  of  the  pleura,  or,  to  be  more  precise,  by  any 
modification  of  the  stimuli  which  are  produced  in  that  region  and  act 
on  the  extremities  of  the  vagus. 

A  common  result  of  large  effusions  is  dislocation  of  the  liver,  either 
downward  or  in  the  form  of  an  oblique  dislocation  of  the  transverse 
axis.  In  the  former  case  the  lower  border  is  displaced  in  a  line  parallel 
to  its  normal  position ;  in  the  latter  the  organ  is  rotated  about  the  sus- 
pensory ligament  as  an  axis,  so  that  one  lobe — usually  the  right,  which 
is  the  heavier — is  displaced  downward,  and  the  other — usually  the  left 
— upward. 

These  cases  are  not  sufficiently  explained  by  the  simple  statement 
that  this  peculiar  lever-hke  action  is  merely  the  result  of  dislocation  of 
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the  diaphragm.  One  is  forced  to  assume  that  the  conditions  result 
from  the  action  of  certain  dynamic  influences,  the  effects  of  which  may 
manifest  themselves  in  different  ways.  The  theory  of  a  purely  me- 
chanical dislocation  of  the  diaphragm  is  untenable,  since  such  an  event 
would  necessitate  complete  suspension  of  the  tonus  and  contracting 
power  of  the  muscle,  as  well  as  of  the  tonus  of  the  lung.  The  mechan- 
ism of  dislocation  of  the  diaphragm  is  generally  as  follows : 

The  needful  space  for  the  exudate  is  at  first  obtained  by  a  certain 
dilatation  of  the  thoracic  space,  achieved  by  relaxation  of  the  (reflex) 
muscle  tonus  and  distention  of  the  other  tissues  of  the  thoracic  wall. 
This  is  followed  by  a  secondary  compensatory  diminution  of  that  por- 
tion of  the  lung  which  is  particularly  affected,  as  has  been  described, 
while  a  true  dislocation  of  the  neighboring  organs  occurs  only  as  the 
last  link  in  the  chain  of  events. 

This  dislocation  by  pressure  is  counteracted  by  a  kind  of  counter- 
pressure  effected  by  a  compensatory  increase  in  the  respiratory  activ- 
ity in  other  portions,  in  proportion  to  the  reduction  of  the  respiratory 
surface  in  the  affected  area,  unless  movement  is  inhibited  by  excessive 
pain.  In  this  the  compensatory  activity  of  the  other  lung  is  the  most 
important  factor,  and  hence  it  is  that  in  the  great  majority  of  cases, 
even  when  the  exudate  is  so  great  as  to  displace  the  sound  lung  later- 
ally, the  corresponding  thoracic  muscles  and  sound  half  of  the  dia- 
phragm act  more  vigorously,  with  the  result  of  a  downward  displace- 
ment of  the  diaphragm  on  the  sound  side  which  prevents  the  rotatory 
dislocation  of  the  liver  about  its  axis  by  favoring  dislocation  of  the 
organ  in  toto. 

It  finally  remains  to  mention  the  dislocation  of  the  mediastinum. 
Here,  again,  we  have  to  deal,  especially  when  the  fluid  is  beginning  to 
accumulate,  not  with  a  dislocation  due  to  the  direct  pressure  of  the 
exudate, — in  other  words,  a  compression, — but  with  conditions  ex- 
actly similar  to  those  which  have  just  been  described.  The  exudate 
acts  on  the  lung  exactly  like  a  tonic  stimulus  wherever  it  comes  in 
contact  with  the  walls  of  the  cavity,  and  thus  favors  contraction. 
Hence  all  those  portions  of  both  lungs,  which  are  subjected  to  these 
altered  stimuli  and  not  only  to  variations  in  pressure,  contract  actively, 
while  other  portions,  owing  to  the  inhibitory  stimulus  exerted  on  the 
tonus  of  the  thoracic  walls  or  the  more  powerful  stimuli  to  inspiration 
brought  about  by  diminution  of  the  respiratory  surface,  undergo  com- 
pensatory expansion,  and  the  final  resultant  of  these  individual  excit- 
ing and  inhibitory  impulses  determines  the  position  of  the  medias- 
tinum and  the  central  position  of  the  diaphragm  as  well  as  the  volume 
of  the  individual  portions  of  the  lungs  which  are  either  contracted 
or  compensatorily  expanded. 

It  may  be  incidentally  mentioned  that  the  difference  in  the  breathing 
produced  by  the  lagging  behind  of  the  diseased  half  of  the  thorax  mani- 
fests itself  particularly  in  an  increased  activity  of  the  sound  side. 

We  must  not  omit  to  advert  to  the  interesting  manometric  investi- 


MECHANICAL  EFFECT  OF  THE  EXUDATE.  839 

gallons  of  Schreiber,  who  found  that  the  diminution  in  pressure  at  the 
beginning  and  end  of  deep  inspiration  may  be  much  greater  than  has 
been  stated  by  other  authors  (Leyden,^  Homolle,'^  Quincke'^).  Thus, 
Leyden  found  with  an  initial  pressure  of  -f  24  a  fall  during  inspiration 
to  +16  nnn.;  Honiolle  from  +15  to  +5  mm.,  while  the  difference 
determined  by  Schreiber  was  from  +2  to  — 28,  and  even  less.  A 
similar  variation  is  found  in  the  figures  for  the  final  pressure :  Leyden 
— 28  to  — 42  during  inspiration;  Schreiber  — 40  to  — 90. 

From  these  and  other  pneumatometric  experiments  Schreiber 
rightly  draws  the  conclusion  that  pneumatometric  and  pleurometric 
figures,  in  patients  suffering  from  pleurisy  or  affections  associated  with 
increased  pressure  in  the  thoracic  cavity,  represent  the  inspiratory  or 
aspiratory  activity  not  of  the  diseased,  but  of  the  sound  half  of  the 
thorax,  and  that  the  manifestations  of  negative  pressure  on  the  part 
of  the  plem-a  of  the  diseased  side  are  to  be  regarded  chiefly  as  the  ex- 
pression of  acti\dty  of  the  sound  side.  (Unfortunately  the  effect 
of  alteration  in  the  tonus  of  the  diseased  lung  is  left  out  of  considera- 
tion in  this  explanation.) 

Among  experimental  investigations  on  the  consequences  of  diminu- 
tion of  space  in  pleurisy  should  be  mentioned  the  work  of  O.  Rosen- 
bach,  who  studied  the  effect  on  dogs  and  rabbits  of  artificially  in- 
creasing the  pressure  wdthin  the  pleural  caAity  by  the  injection  of  oil, 
plaster-of-Paris,  and  air,  or  the  introduction  of  a  hollow  rubber  ball, 
and  obtained  somewhat  different  results  from  those  of  former  investi- 
gators. 

The  important  fact,  first  determined  by  Lichtheim,^  that  the 
blood  pressure  is  not  affected  by  considerable  diminution  in  the  volume 
of  the  pleural  cavity,  does  not,  as  pointed  out  by  Rosenbach,  justify 
us  in  assuming  that  there  is  a  similar  constanc}'  in  the  circulatory  and 
nutritive  processes  corresponding  to  the  constancy  in  blood  pressure. 
The  arterial  pressure  is  maintained  at  the  expense  of  an  enormous 
amomit  of  extra  work  on  the  part  of  the  organs  which  have  to  make  up 
for  the  mechanical  obstruction  to  the  circulation  offered  by  the  exu- 
date, and  although  the  main  arterial  pressure  remains  the  same,  there 
are  local  areas  of  venous  hyperemia  or  arterial  anemia. 

The  heart  is,  of  course,  chiefly  concerned  in  supplying  this  extra 
demand,  and  shows  its  extra  work  by  the  great  increase  in  the  fre- 
quency of  its  contractions.  In  addition,  there  is  a  marked  increase  in 
the  force  and  rate  of  respiration,  and  the  caliber  of  the  arteries  is  con- 
siderably diminished  by  the  contraction  of  the  muscular  elements  of 
their  walls,  all  of  which  goes  to  show  the  great  difference  between  the 
amount  of  work  performed  under  normal  conditions  and  that  per- 
formed under  the  influence  of  increased  pressure,  and  the  difficulty — 
not  to  say  impossibility — of  complete  local  and  general  compensation. 

The  increased  activity  of  all  the  organs,  it  is  true,  tends  to  compen- 
sate to  a  certain  extent  for  the  immediate  deleterious  effects  of  the 
diminution  in  the  volume  of  the  pleural  cavity  on  the  circulation  by 
maintaining  an  average  pressure  sufficient  to  supply  the  chief  de- 
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mands  of  nutrition.  But  it  is  unable  to  maintain  perfect  compensa- 
tion for  any  length  of  time  because,  although  the  pressure  remains 
constant,  there  is  necessarily  a  diminution  in  the  rapidity  of  the  blood- 
current  and  of  the  volume  of  the  heart-beats  which  are  necessary  if  all 
the  tissues  are  to  perform  their  allotted  work. 

Although  the  body  is  able  for  a  short  time  to  supply  enough  mate- 
rial for  the  work  necessary  to  keep  the  organism  together,  it  is  incapa- 
ble of  performing  any  intrinsic  muscular  work,  or  even  of  supplying 
the  nourishment  required  under  ordinary  conditions,  as  is  shown  by 
the  immediate  occurrence  of  dyspnea  and  diminution  of  the  pulse  fol- 
lowing any  excitement  or  movement  on  the  part  of  the  animal.  The 
same  thing  is  noticed  at  the  bedside.  Although  the  patient  may  appa- 
rently not  be  suffering  from  dyspnea  and  his  pulse-rate  may  be  nor- 
mal, a  marked  disturbance  of  respiration  and  cardiac  action  will  at 
once  manifest  itself  whenever  he  makes  the  slightest  movement, 
such  as  sitting  up  in  bed,  coughing,  loud  talking,  etc. 

Hence  maintenance  of  the  blood  pressure  does  not  mean  a  maintenance 
of  the  entire  or  even  of  the  local  work;  and  although  the  pressure  may 
remain  constant,  there  may  be  a  considerable  deficit  in  the  blood-supply 
of  all  the  organs,  especially  the  brain.  The  anemia  of  the  brain  was 
clearly  indicated  in  the  experiments  by  the  distinct  irritation  of  the  cen- 
ter of  the  pneumogastric  and  of  the  vasomotor  center,  showing  itself  in 
arrhyhtmia  and  retardation  or  intermittency  of  the  pulse  which  occurred 
when  the  volume  of  the  pleural  cavity  was  diminished. 

In  attempting  to  explain  the  occurrence  of  sudden  death  in  pleurisy 
with  a  large  effusion  when  direct  cardiac  or  organic  disease  can  be 
excluded,  we  must  consider  the  effect  of  obstruction  to  the  venous 
flow,  and  particularly  an  obstruction  of  the  vena  cava  by  kinking  (see 
page  880) .  The  compression  of  this  large  venous  trunk  is  not  always 
due  to  a  direct  displacement  of  the  vein  by  the  exudate,  but  may  also 
be  produced  merely  by  a  strong  contraction  of  the  sound  half  of  the 
diaphragm,  which  at  every  forced  inspiration  drags  the  vein  over  to- 
ward the  sound  side  and  almost  obliterates  the  lumen,  especially  if,  as 
happens  when  the  exudate  is  large,  the  depressed,  atonic  half  of  the 
diaphragm  (on  the  diseased  side)  is  not  functionating.  This  mechan- 
ism, as  Rosenbach  has  shown,  also  plays  the  chief  part  in  the  produc- 
tion of  the  pulsus  paradoxus,  or  inspiratory  diminution  of  the  pulse,  as 
any  increase  in  pressure  within  the  thorax  by  the  presence  of  a  fluid 
leads  to  a  temporary  interruption  of  the  venous  flow  during  inspiration, 
and  this  interferes  with  the  proper  filling  of  the  chambers  of  the  heart. 

It  is  quite  possible  that  the  dysphagia  and  the  occasional  paroxysm 
of  singultus  are  due  to  the  effect  of  this  spasmodic  action  of  the 
diaphragm  on  the  mediastinal  structures,  especially  the  esophagus. 
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Vin.  GENERAL  SYMPTOMATOLOGY. 

Modes  of  Onset. — The  development  of  pleurisy  manifests  itself  in 
so  many  different  ways  that  it  is  impossible  to  draw  a  typical  picture. 
In  a  large  number  of  cases,  even  in  vigorous  individuals  with  good 
powers  of  reaction,  it  may  develop  so  slowly  and  ptiinlessly  that  it  is 
some  time  before  the  patient  is  led  to  seek  medical  aid  for  the 
general  malaise,  slight  dyspnea,  loss  of  appetite,  and  general  loss  of 
strength. 

It  is,  therefore,  important  whenever  the  patient  complains  of 
digestive  troubles  combined  with  marked  loss  of  apjDctite,  general 
depression,  chilliness,  and  the  rapid  deA'elopment  of  pallor,  to  subject 
the  lower  and  lateral  portions  of  the  lung  to  a  careful  examination. 
A  shght  dulness  can  often  be  ehcitecl  in  this  region  at  a  very  early 
stage,  and  tliis  suffices  to  establish  the  cUagnosis. 

An  early  diagnosis  is  particularly  desirable  in  pleurisy  because 
the  simplest  hygienic  treatment,  absolute  cessation  of  work  and 
rest  in  bed  with  appropriate  diet,  jdelds  the  most  satisfactor}^  results. 
There  is  no  doubt  whatever  in  the  author's  mind  that  in  acute  pleurisy, 
as  in  typhoid  fever  and  acute  articular  rheumatism,  those  cases  which 
are  recognized  early  and  immediately  -withdrawn  from  all  harmful 
influences  run  a  distinctly  more  favorable  coiu-se  than  the  neglected 
ones. 

In  other  cases  pleurisy,  like  pneumonia,  is  ushered  in  by  a  severe 
chill.  There  are  severe  pains  in  the  chest  and  back,  cyanosis,  and  not 
rarely  cUstressing  cough  without  expectoration.  If  the  cough  is 
severe,  the  sputum  is  often  streaked  with  blood,  but  it  does  not  show 
the  characteristic  color  of  pneumonia  sputum. 

A  third  class  of  cases  present  chilly  feelings,  especially  in  the 
back,  along  ^^dth  more  or  less  severe  general  pains.  There  is  a  slight 
evening  elevation  of  temperature  wdth  profuse  sweating. 

Fever. — Pleurisy  does  not  exhibit  a  typical  fever  curve.  I  have 
seen  a  number  of  cases  where  the  most  careful  registration  not  only 
failed  to  show  a  rise  in  the  temperature  [especially  in  old  subjects. — 
Ed.],  but  in  which  the  temperature  was  even  subnormal,  and  others, 
again,  where  the  temperature  for  several  weeks  attained  its  maximum, 
which  was  not  always  high,  at  various  times  of  the  day.  On  the 
other  hand,  cases  are  not  rare  in  which  there  is  a  continued  fever 
as  high  as  41°  C.  (105.8°  F.),  wdth  intercurrent  chills,  during  the  first 
weeks.  Hectic  fever  is  not  rarely  observed  even  in  non-tubercular 
cases,  both  during  the  accumulation  of  the  exudate  and  during  the 
stage  of  absorption  when  the  latter  is  very  slow.  A  temperature 
above  40.5°  C.  (104.9°  F.)  in  the  axilla  means  much  more  in  pleurisy 
than  in  pneumonia,  especially  if  the  curve  is  of  an  inverse  type,  mth 
the  highest  register  at  noon  or  during  the  early  hours  of  the  day. 
With  a  purulent  exudate  the  fever  is  usually  uniform,  continuous, 
and  high;  with  putrid  exudates  it  is  more  apt   to  be  irregular  and 
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interrupted  by  chills  and  a  period  of  subnormal  temperature  follow- 
ing the  chills. 

In  any  case  the  occurrence  of  profuse  sweats  exerts  a  marked 
influence  on  the  fever  curve.  Accordingly,  the  fever  is  often  re- 
markably low  in  putrid  effusions,  the  temperature,  as  has  been 
mentioned,  being  at  times  subnormal,  especially  when  the  distressing 
symptom  of  profuse  sweating  is  well  marked. 

A  terminal  pleurisy,  and  the  peculiar  form  of  right-sided  pleurisy 
which  is  most  frequent  as  a  concomitant  of  diseases  of  the  liver  and 
cardiac  weakness,  usually  have  no  effect  on  the  temperature  curve. 
In  general,  it  may  be  said  that  in  debilitated  individuals  pleiu"isy 
may  run  an  absolutely  afebrile  course. 

In  such  cases  it  goes  without  saying  that  even  a  normal  tempera- 
ture is  as  significant  as  a  rise  in  temperature  in  other  cases,  especially 
if  the  drop  is  not  accompanied  by  improvement  of  the  general  condi- 
tion and  of  the  appetite.  In  cachectic  and  anemic  indi^dduals  a 
morning  temperature  of  37°  C.  (98.6°  F.)  with  an  evening  temperature 
of  37°  to  37.5°  C.  (99.5°  F.)  is  to  be  regarded  as  febrile  and  as  a  certain 
sign  of  beginning  terminal  pleurisy  or  pneumonia. 

In  general,  an  increase  of  the  exudate  is  associated  with  a  rising 
temperature  or  a  continued  form  of  fever,  and  a  diminution  in  the 
exudate  with  irregular  temperatures  or  a  normal  curve.  But  the 
temperature  curve  depends  so  much  on  the  basal  disease,  as  well  as 
on  other  conditions  that  prevail  in  the  individual  case,  that  this 
statement  cannot  be  accepted  as  a  general  truth. 

A  rise  in  temperature  without  any  physical  signs  indicating  an 
increase  in  the  exudate  is  particularly  apt  to  occur  in  relapses  of 
tubercular  pleurisy  or  bronchopneumonia,  in  marked  hyperemia  of 
the  pleura,  or  when  there  is  an  abundant  secretion  of  fibrin  with  the 
formation  of  membranes.  The  rise  in  temperature  is  often  accom- 
panied by  a  diminution  of  the  exudate,  and  this  contrast  between 
the  physical  signs  and  the  temperature  is  a  bad  prognostic  sign, 
especially  when  the  appetite  is  diminished. 

The  occurrence  of  a  so-called  resorption  fever  recorded  by  a 
number  of  authors  is  not  without  some  clinical  foundation.  No 
definite  proofs  have,  however,  been  brought  forward.  There  is  no 
doubt  that  an  unusual  rise  in  the  temperatm-e  representing  a  kind 
of  crisis  is  often  followed  by  sudden  cUminution  of  the  exudate,  and 
a  case  can  never  be  regarded  as  ciued,  even  when  the  patient's  general 
health  appears  to  be  restored,  until  the  temperature  has  permanently 
fallen  below  the  normal. 

The  afternoon  and  late  evening  temperature  is  of  special  im- 
portance, and  I  may  remark  incidentally  that  temperature,  appetite, 
and  sweating  are  often  more  important  points  in  the  prognosis  than 
the  signs  ehcited  by  physical  examination,  which  are  necessarily 
slow  to  show  any  change  once  the  exudate  has  materially  diminished. 

Defervescence  usually  begins  in  the  second  or  third  week;  it  is 
at  first  very  inconsiderable,  and  manifests  itself  onh'  in  the  morning 
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hours;  later  a  fall  is  observed  during  the  evening  hours,  and  toward 
the  end  the  fever  curve  becomes  quite  irregular  with  slight  afternoon 
and  evening  rises. 

The  difference  in  temperature  between  the  sound  and  the  diseased 
side,  insisted  on  b}^  various  authors  who  state  that  the  temperature 
is  always  higher  in  the  axilla  of  the  diseased  side,  is  not  by  any  means 
constant,  although  it  cannot  be  denied  that  in  many  cases  of  pro- 
nounced pleurisy  a  higher  cutaneous  temperature  prevails  over  the 
diseased  half  of  the  chest. 

Cough. — It  is  remarkable  how  often  cough  is  absent  in  pleuris}' ;  in 
most  cases  the  cough,  w^iich  is  often  distressing,  is  observed  only  when 
the  patient  sits  up  and  draws  a  deep  breath,  being  caused  by  the 
expansion  of  collapsed  portions  of  the  lungs  or  the  irritation  of  the 
bronchial  mucous  membrane  in  the  deeper  portions  of  the  lung  by 
sudden  contact  with  the  air.  On  the  other  hand,  slight  bronchial 
irritation  and  hawking  are  nmch  more  frequent. 

Violent  paroxysms  of  cough  are  also  observed  when  large  masses 
of  exudate  are  evacuated  by  operative  means ;  these  paroxj'sms  may 
with  propriety  be  explained  by  Hering-Breuer 's  experiments,  in  which 
am*  sudden  expansion  of  the  lung,  or,  to  speak  more  precisely,  every 
maximal  inspiration,  is  followed  by  a  correspondingly  strong  ex- 
piration as  a  result  of  sudden  expansion  of  retracted  portions  of  the 
lung. 

It  ma}'-  be  that  the  increased  amount  of  arterial  blood  supplied  to  cer- 
tain portions  of  the  lung  during  the  evacuation  of  an  exudate  acts  as  an 
expiratory  stimulus  by  stimulating  the  vagus.  The  blood-vessels  after 
a  long  period  of  occlusion  are  often  stimulated  to  excessive  activity  by 
the  sudden  inflow^  of  blood,  so  that  an  exudation  occurs  into  the  alveoli 
and  symptoms  of  pulmonary  edema  make  their  appearance.  Hence 
the  severe  expiratory  movements  may  have  a  certain  advantage,  inas- 
much as  they  retard  the  flow  of  blood  to  the  lung  and  remove  any  ten- 
dency to  hyperemia  by  assisting  in  emptying  the  blood-vessels. 

The  cough  may,  of  course,  be  due  to  concomitant  processes  in 
the  lung  instead  of  cUrectly  to  the  pleural  affection,  and  its  severity 
is  accordingly  in  proportion  to  the  irritation  of  the  pulmonary  paren- 
chyma and  sensitive  portions  of  the  bronchial  mucous  membrane. 

According  to  Nothnagel's  ^  experiments,  which  do  not  quite  agree  in 
their  results  with  those  instituted  by  Kohts,^  irritation  of  the  pleura  in 
animals  is  not  followed  by  cough.  It  is  also  Avell  known  that  after  an 
empyema  operation  irritation  of  the  pleura  (Avhich,  it  is  true,  is  diseased 
and  has  therefore  suffered  a  diminution  of  its  power  of  reaction)  by  con- 
tact with  the  hand  or  a  surgical  instrument  is  not  followed  by  cough,  any 
more  than  the  mechanical  irritation  of  the  trocar-cannula  which  is  brought 
in  direct  contact  with,  and  rubbed  to  and  fro  on,  the  pulmonan,-  or  dia- 
phragmatic pleura,  as  any  one  can  convince  himself  during  an  explora- 
tory puncture. 

Sputum. — The  production  of  sputum  in  pleurisy  is  ob\Tiously  a 
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secondary  process.  The  broncM  of  the  retracted  lung  can  be  irritated 
only  when  there  is  an  independent  disease  of  the  lung  or  an  occlusion 
of  the  air-passages  with  the  production  of  a  sparse,  tenacious,  mucous, 
and  rarely  purulent  sputum. 

If  a  pleural  effusion  ruptures,  or  filters  through  into  the  lung,  as 
it  is  termed,  either  by  direct  perforation  into  an  open  bronchus  or 
through  a  necrotic  area  in  the  pulmonary  pleura  into  the  loose  alveolar 
tissue,  an  event  which  is  rarely  followed  by  complete  anemia  of  the 
thorax,  large  masses  of  sputum  are  expectorated,  consisting  usually 
of  purulent  or  tenacious  mucopurulent  masses  of  greenish-yellow 
color  and  musty  or  even  fetid  odor. 

Occasionally  an  abundant  expectoration  is  observed  in  the  ab- 
sence of  perforation,  when  there  is  marked  compression  of  the  lung 
and  the  pressure  is  temporarily  raised  by  occlusion  in  the  distribution 
of  one  of  the  larger  bronchi.  In  such  cases  a  temporary  bronchiectasia 
is  formed  w^hich  may  be  quite  considerable  and  is  due  to  relaxation 
of  the  tonus  of  the  bronchial  muscles.  Within  this  dilatation  of 
the  bronchial  lumen  large  masses  of  greenish-yellow  pus  accumulate 
which  are  evacuated  from  time  to  time,  when  the  internal  pressure 
has  reached  a  certain  degree,  probably  by  a  maximal  tonic  contrac- 
tion of  all  the  bronchial  and  expiratory  muscles  such  as  usually 
occurs  only  after  a  distressing  paroxysm  of  cough. 

I  have  seen  many  cases  in  which  all  the  S3'^mptoms  during  life 
indicated  that  no  communication  could  have  existed  between  the 
exudate  and  the  bronchial  system,  and  the  postmortem  confirmed 
this  supposition,  so  that  one  is  forced  to  conclude  that  the  so-called 
"mundvolle"  (copious)  expectoration  does  not  necessarih^  indicate 
rupture  of  an  exudate  imless  the  physical  and  fimctional  conditions 
in  the  pleural  space  after  expectoration  undergo  a  material  change; 
that  is,  the  respiratory  murmur  clears  up,  the  dulness  diminishes, 
or  pneumothorax  develops.  The  latter  event  is  a  surer  sign  that 
rupture  has  taken  place  than  are  the  two  others,  for  since  after  a 
copious  expectoration  even  those  parts  of  the  lungs  which  were 
collapsed  as  the  result  of  severe  cough  temporarily  expand  and 
functionate,  mere  diminution  in  the  dulness  and  return  of  the  respira- 
tory murmur  cannot  alwaj^s  be  directly  attributed  to  the  evacuation 
of  the  pleural  fluid. 

The  dulness  and  diminution  of  the  respiratory  miumur  produced 
by  temporary  bronchiectatic  processes  are  never  as  marked  as  the 
dulness  produced  by  an  exudate  or  tissue  changes  in  the  lung;  hence 
the  difference  in  the  physical  signs  before  and  after  the  evacuation 
of  bronchiectatic  sputa  is  relatively  slight.  Fetid  sputum  and  sputa 
containing  numerous  fatty  acid  crystals  and  elastic  fibers  occur 
practically  only  when  a  putrid  exudate  is  discharged  into  the  bronchi, 
or  in  chronic  putrid  bronchitis,  which,  in  contradistinction  to  gan- 
grene of  the  lung,  is  almost  never  associated  with  pleurisy. 

Pain. — The  pain  of  pleurisy  occasionally  attains  extraordinary 
severity.     It  may  be  cramp-like  and  coUcky,  radiating  to  both  sides  of 
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the  vertebral  column  and  into  tlie  arms,  shoulders,  and  epigastrium, 
especially  in  diaphragmatic  pleurisy.  In  dry  pleuriny  the  sensations 
experienced  usually  resemble  muscular  pains;  they  are  dull,  stabbing 
or  tearing,  and  reach  their  maximum  at  the  end  of  inspiration;  with 
a  large  exudate  they  are  usually  dull  and  diffuse,  and  become  very 
nmcli  aggravated  by  movement,  especially  coughing  and  sneezing. 
External  pressure  aggra\-ates  the  pain,  particular!}-  ^^•hen  the  muscles 
and  the  pleura  are  much  involved,  and  the  intercostal  depressions  are 
obhterated  so  as  to  permit  of  deep  pressure.  Pain  on  pressure, 
however,  is  never  as  severe  as  in  phlegmonous  inflammation  of  the 
muscles,  periostitis,  pericarditis,  or  peripleuritis. 

The  pain  of  pleurisy  not  infrequently  simulates  intercostal  neu- 
ralgia with  distinct  points  of  sensitiA'eness  along  the  vertebral  column 
and  the  course  of  the  nerves,  associated  ^^ith  considerable  hyper- 
esthesia of  the  skin.  In  very  rare  cases  there  may  even  be  pain 
on  the  sound  side,  usually  confined  to  a  circumscribed  area.  [I  am 
in  attendance  with  Dr.  Morton  upon  a  patient  aged  eight}'-four, 
who  presents  the  coincidence  of  pleurisy  and  intercostal  neuralgia 
or  neuritis  (ninth  nerve),  as  the  characteristic  eruption  of  herpes 
appeared  along  the  course  of  the  intercostal  nerve  and  on  the  side  of 
the  pleuritis.  In  the  first  week  of  illness  the  pleurisy  with  friction 
sounds,  pain,  and  fever  dominated ;  during  the  second,  third,  and  fourth 
weeks  the  intercostal  neiualgia  was  most  marked.  The  latter  was  not 
influenced  by  respiratory  movements,  was  distributed  to  the  epi- 
gastrium, and  in  the  third  week  the  eruption  appeared. — Ed.]  This 
form  of  radiation  has  never  been  sufficienth'  explained;  the  fact  that 
the  terminal  fibers  of  the  intercostal  nerves  decussate  and  inter- 
t^nne  in  the  median  line  does  not,  in  our  opinion,  serve  to  explain 
the  occurrence  of  pain  on  the  other  side  in  the  areas  of  distribution 
of  all  the  nerves. 

The  pain  of  disease  of  the  vertebral  column  in  tumors,  caries,  etc.,  is 
usually  distinguished  from  pleuritic  pain  by  its  greater  intensity,  its  con- 
stancy, and  the  absence  of  distinct  localization.  Another  characteristic 
feature  is  that  it  is  aggravated  by  the  slightest  movement. 

The  pain,  except  in  rare  cases,  is  probably  not  due  to  the  direct 
pressure  of  the  exudate  on  the  nerve-trunks,  but  rather  to  unusually 
severe  and  wide-spread  irritation  of  the  nerve-endings,  or  to  the 
distention  of  the  vessels  and  excessive  engorgement  of  the  honph- 
spaces  with  "cells  and  fluids;  in  other  words,  to  active  and  passive 
hyperemia. 

Headache  is  not  an  imcommon  symptom  in  pleurisy;  it  is  usually 
due  to  the  fever  and,  w^hen  the  exudate  is  great,  to  the  interference 
with  respiration  or  to  venous  stasis. 

The  s}Tnptoms  referable  to  the  digestive  apparatus  may,  as  has 
already  been  mentioned,  be  quite  severe  even  in  cases  which  rim  their 
com'se  without  any  other  symptoms.  'VMien  the  patient  is  decidedly 
ill,  anorexia  and  increased  desire  for  water  follow  as  a  matter  of 
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course,  especially  if  the  fever  is  high;  but  it  may  be  said  in  general 
that  the  slower  the  course,  the  more  intense  the  digestive  disturbance 
and  the  consequent  anemia.  Retching  and  vomiting  are  often  pro- 
duced by  mechanical  irritation  of  the  structures  concerned.  The 
mere  encroachment  of  an  extensive  exudate  on  other  organs  may 
suffice  to  produce  digestive  disturbances  on  account  of  the  interference 
with  the  mechanical  ingestion  of  food,  and  the  consequent  com- 
pression and  dyspnea  following  a  hearty  meal. 

Ferber  "  has  observed  that- in  very  rare  cases  of  diaphragmatic 
pleurisy  the  descending  bolus  of  food  produces  marked  pain  at  the 
moment  of  its  passage  through  the  esophageal  foramen.  I  myself 
have  seen  deglutition  interfered  with  in  many  ways  in  various  cases, 
but  it  should  be  remembered  that  pain  in  the  sternal  and  deep  pharyn- 
geal muscles  alone,  such  as  occurs  in  muscular  rheumatism  and  from 
other  causes,  may  produce  dysphagia  of  precisely  the  same  character 
and  equal  severity. 

Singultus  is  a  frequent  concomitant  of  severe  forms  of  pleurisy, 
and  I  have  often  observed  it  even  in  very  mild  cases.  It  is  probably 
due  in  most  cases  to  direct  irritation  of  the  diaphragm,  more  rarely 
to  irritation  of  the  trunk  of  the  pneumogastric  or  phrenic,  and 
accordingly  constitutes  one  of  the  most  important  symptoms  of 
diaphragmatic  pleurisy.  In  debilitated  individuals  it  is  a  very 
ominous  symptom. 

Constipation. — Sluggishness  of  the  bowels  is  readily  explained 
partly  by  the  diminution  of  the  amount  of  food  ingested,  partly  by 
mechanical  causes,  such  as  altered  position,  and  the  cessation  of 
muscular  movements,  especially  of  the  abdominal  muscles  and  the 
diaphragm,  which  is  most  marked  in  painful  cases. 

[The  Blood. — Morse*  reports  224  separate  blood  counts,  taken 
from  primary  cases  exclusively,  in  only  13  of  which  the  number  of 
leucocytes  was  above  10,000.  Of  these  counts,  9  belong  to  the  same 
case,  one  due  to  pneumococcus  infection. 

The  author  concludes  that  the  leucocytosis  bears  no  relation  to 
the  temperature;  to  the  character  of  the  fluid,  whether  bloody  or 
containing  few  pus-corpuscles ;  to  the  amount  of  the  fluid ;  or  to 
variations  in  the  amount  of  the  fluid,  as,  e.  g.,  after  and  before 
tapping,  and  during  reaccumulation. 

The  condition  is  valuable  in  two  ways.  (1)  If  the  physical  signs 
are  doubtful,  and  there  is  no  leucocytosis,  the  case  is  probably  one 
of  serous  pleurisy,  and  not  of  pneumonia  or  empyema.  (2)  If 
serous  pleurisy  is  present  and  there  is  marked  leucocytosis,  it  is  prob- 
able that  a  complication  exists. — Ed.] 

Urine. — The  urinary  secretion  in  pleurisy  is  the  same  as  in  other 
febrile  diseases  except  that  a  very  large  exudate  and  weak  cardiac 
action  exert  a  direct  mechanical  influence.  Under  such  conditions  the 
acti^dty  of  the  kidneys  is  reduced  to  a  minimum,  partly  by  the  posi- 
tive pressure  of  the  exudate  in  the  thoracic  cavity  interfering  with 
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tlio  venoiis  flow,  partly  hy  tho  diminution  of  the  respiratory  move- 
ments and  the  consecjuent  paucity  of  oxygen,  and  finally  by  the 
diminished  arterial  tension.  As  the  amount  of  urine  secreted  di- 
minishes, the  percentage  of  albumin  and  salts  increases,  so  that  all 
grades  of  albuminuria  are  observed. 

The  albuminuria  is  due  to  venous  stasis,  to  the  fever,  and  possibly 
to  the  absorption  of  certain  substances  which  irritate  the  kidneys. 
Thus  the  albuminuria  observed  in  empyema  with  high  pressure 
is  probably  due  to  direct  absorption  from  the  purulent  focus.  In 
the  same  way  the  peptone  that  is  occasionally  found  in  the  urine 
may  be  regarded  as  a  product  of  absorption  (in  empyema),  and  some 
have  even  gone  so  far  as  to  accord  this  substance  a  certain  diagnostic 
value  for  empyema,  a  method  of  diagnosis  which,  to  say  the  least,  is 
much  more  inconvenient  and  unreliable  than  exploratory  puncture. 
The  albuminuria  may,  of  course,  also  be  regarded  as  a  so-called 
regulating  albuminuria  (Rosenbach)  necessary  for  the  disposal  of 
albumin  which,  owing  to  the  morbid  process,  has  failed  to  enter 
into  combination  in  the  blood,  and  can,  accordingly,  not  be  utilized 
in  the  organism. 

Morphologic  constituents  are  almost  always  absent  in  the  mine 
in  uncomplicated  cases.  An  abundance  of  pus-corpuscles  and  blood- 
cells  or  cylindric  epithelium  points  directly  to  the  presence  of  a 
purulent  effusion  or  to  inflammation  in  other  organs,  or  to  sepsis. 

During  the  period  of  absorption  a  marked  increase  in  the  urinary 
secretion  is  generally  observed.  This  increase  rarely  precedes  a  de- 
crease in  the  amount  of  urine ;  the  order  of  events  is  more  frequently 
reversed.  It  is  a  sign  that  the  abnormal  urinary  secretion  due  to  the 
exudate  is  about  to  subside,  but  the  factors  to  be  considered  in  this 
connection  are  so  various  that  the  true  cause  for  this  rise  in  the 
urinary  secretion  is  difficult  to  explain  in  individual  cases.  It  ap- 
pears certain,  however,  that  the  mere  relief  from  the  mechanical 
pressure  of  the  exudate  plays  a  relatively  minor  part. 

Sweating. — With  the  exception  of  articular  rheumatism,  there  is  no 
other  disease  in  which  excessive  sweating  is  as  common  as  in  pleurisy. 
The  more  intractable  the  fever  and  the  longer  the  duration  of  the 
febrile  period,  the  more  common  is  the  occurrence  of  sweats  during 
the  diiu"nal  or  permanent  period  of  defervescence.  In  moderately 
severe  cases  running  on  for.  weeks  without  any  improvement  in  the 
symptoms  there  may  be  veritable  paroxysms  of  sweat  recurring 
several  times  a  day,  to  the  great  detriment  of  the  patient's  strength. 
These  paroxysms  must  be  regarded  as  a  mild  form  of  hectic  sweats, 
such  as  occur  frequently  in  pyemic  processes,  in  latent  suppuration, 
and  in  phthisis. 

During  the  early  stages  of  pleurisy  the  sweating  merely  represents 
the  normal  reaction  of  the  organism  to  the  excessive  febrile  irritation; 
later  on  in  the  disease,  however,  it  probably  indicates  a  vasomotor 
paralysis  of  the  nerves  supplying  the  vessels  in  the  skin,  hence  these 
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excessive  sweats  are  frequently  a  sign  of  weakness  in  purulent  and 
tuberculous  pleurisy. 

There  is,  of  course,  a  reciprocal  relation  between  the  urinar}^ 
secretion  and  that  of  the  sweat-glands,  and  if  the  patient  is  sweating 
copiously,  a  diminution  in  the  amount  of  urine  does  not  necessarily 
indicate  that  either  the  heart  or  the  kidneys  are  beginning  to  weaken, 
especially  if  albumin  and  morphologic  elements,  and  particularly 
red  blood-cells,  are  absent  from  the  urine. 

Pulse. — The  pulse-rate  and  the  condition  of  the  arteries  in  uncom- 
plicated cases  almost  always  correspond  to  the  fever  curve,  unless  there 
has  been  some  unusual  excitement ;  later  on  the  quantity  and  quality 
of  the  exudate  exert  a  certain  influence  on  these  factors.  The  greater 
the  exudate,  the  higher,  as  a  rule,  the  arterial  tension  and  the  pulse- 
rate.  Retardation  of  the  pulse-rate  is  often  a  sign  of  irritation  of 
the  heart-miLscle  or  interference  with  the  venous  flow  from  the 
cranium  and,  like  arrhythmia,  should  receive  careful  attention,  espe- 
cially if  combined  with  a  narrowing  of  the  caliber  of  the  arteries. 
A  slow  pulse  in  the  beginning  of  the  disease  is  often  a  good  sign 
and  indicates  vigorous  heart  action;  the  arterial  system  is  usually 
at  the  same  time  well  filled  (hyperdiastole  of  the  heart).  The  pulse, 
for  obvious  reasons,  is  considerably  influenced  by  the  pain,  the 
general  condition  of  the  patient,  and  the  particular  kind  of  respiratory 
disturbance. 

The  various  factors  influencing  the  pulse-rate  and  arterial  tension 
have  never  been  fully  explained,  because  the  reflex  alterations  of 
protoplasmic  activity  brought  about  by  the  action  of  the  poisons 
localized  in  the  pleura  have  been  too  nmch  neglected  and  because 
of  the  difficulty  of  measuring  the  reflex  irritation  of  the  vasomotor 
center  on  which  the  local  arterial  tension  largely  depends. 

That  the  diminished  volume  of  the  pulse  is  not  always  due  to 
mere  obstruction  of  the  pulmonary  vessels  by  the  exudate,  and  con- 
sequent diminution  of  the  amount  of  blood  going  to  the  left  heart, 
is  not  to  be  denied,  although  we  cannot  quite  accept  Lichtheim's 
experiments  as  conclusive  in  this  respect,  because  they  do  not  suffi- 
ciently reproduce  the  clinical  conditions  and  only  take  account  of 
the  alterations  in  the  pressure  in  the  large  arteries,  such  as  the  carotid 
or  femoral,  to  the  exclusion  of  all  the  smaller  vessels. 

Lichtheim  ^  attempted  to  show  that,  owing  to  the  peculiar  character 
of  the  pulmonary  vessels  which  possess  little  or  no  tonus,  ligation  or  ob- 
struction of  almost  three-fourths  of  the  entire  vascular  channel  is  not 
followed  by  any  diminution  in  arterial  pressure,  from  which  he  reasons 
that  this  phenomenon,  which,  it  is  true,  is  a  priori  unexpected,  can  only 
be  due  to  the  fact  that  the  same  amount  of  blood  flows  through  the  re- 
maining portion  of  the  lumen  as  originally  passed  through  the  entire 
cross-section.  He  accordingly  attributes  the  obstructing  action  of  an 
extensive  exudate  not  to  occlusion  of  the  pulmonary  arteries,  but  rather 
to  a  displacement  and  compression  (kinking)  of  the  large  vessels  and  to 
direct  pressure  on  the  heart. 
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While  I  am  inclinod  to  agree  with  the  latter  conclusion,  I  cannot  sub- 
scribe to  tlie  former  one;  for,  even  admitting  that  an  equal  degree  of 
blood  pressure  corresponds  to  an  etjual  amount  of  blood-supply  and  to 
tiie  productive  work  of  lungs  and  protoplasm,  the  ex])eriments  are  based 
solely  on  temporary  phenomena.  But  temporary  compensation  is  a 
very  different  thing  from  permanent  acconmiodation,  and  though  com- 
pensation may  apparently  be  established  in  a  resting  animal,  this  docs 
not  prove  that  the  organism  is  capable  of  performing  even  a  fraction 
of  the  work  necessary  for  the  various  demands  of  life  under  such  altered 
conditions. 

Hence  although  a  perfectly  sound  heart  might  be  able  to  perform 
its  work  for  half  an  hour  after  occlusion  of  all  the  pulmonary  vessels, 
this  excessive  amount  of  work  would  of  course  be  impossible  in  a 
disease  which  may  extend  over  days,  weeks,  or  even  months,  and  the 
mechanical  obstruction  of  only  a  part  of  the  lungs  may  easily  bring 
about  a  marked  disturbance  in  the  circulation,  even  though  the 
mean  pressure  in  one  of  the  larger  arteries  may  not  at  once  show 
any  diminution,  or  may  even  become  increased  for  a  time  owing 
to  constriction  of  all  the  peripheral  vessels  which  results  from  a 
diminished  blood-supply  to  the  periphery. 

Respiration. — It  is  evident  that  the  oxygen-supply  of  the  body, 
and  hence  the  respiratory  rate  and  the  color  of  the  patient,  are 
directly  dependent  on  the  specific  mechanical  and  chemical  work  of  the 
lung  and  circulatory  apparatus;  but  it  is  equally  e^ddent  that  these 
two  concUtions  are  also  largely  influenced  by  the  original  strength  of 
the  individual,  the  amount  of  blood,  the  rapidity  \vith  which  the  exudate 
accumulates,  and  particularly  the  amount  of  pain  experienced.  The 
respiratory  rate  especially  depends  more  on  the  variety  of  pain  present 
than  on  the  effect  of  fever  and  the  extent  of  the  exudate.  Any  dry 
pleimsy,  even  without  much  rheumatic  pain  in  the  thoracic  muscles, 
may  be  accompanied  by  a  high  grade  of  dyspnea  if  the  pain  in  the 
thoracic  muscles  is  sufficiently  great. 

The  respiration  in  such  cases  is  quite  characteristic,  being  extra- 
ordinarily short,  spasmodic,  labored,  and  sighing — characters  that  are 
directly  due  to  the  pain.  The  patients  are  often  extremely  depressed 
and  markedly  cyanotic.  These  phenomena  are  particularly  marked 
in  plethoric  individuals  and  often  assume  alarming  proportions;  the 
amount  of  c3^anosis  and  turgescence  of  the  countenance  seems  to 
indicate  a  much  more  grave  interference  mth  respiration  than  really 
exists.  As  the  strength  gradually  diminishes  owing  to  the  rapid 
increase  in  the  exudate  and  the  failure  of  absorption  to  take  place, 
cj'anosis  as  a  rule  becomes  less  conspicuous  than  dyspnea.  The 
respirator}^  rate  is  comparatively  low,  the  breathing  becomes  almost 
slow,  expiration  particularly  being  surprisingly  deep,  although  it 
of  course  requires  the  co-operation  of  all  the  accessory  respiratory 
muscles. 

The  greater  the  depression  of  the  diaphragm,  or,  to  speak  more 
correctly,  the  greater  the  inhibition  of  its  acti\ity  owing  to  the  loss 
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of  tonus,  the  more  marked  is  the  dilatation  of  the  lower  portions 
of  the  thorax  and  the  limitation  of  respiratory  movement  in  this 
region.  There  is  usually  a  marked  contrast  between  this  phenomenon 
and  an  excessive  dilatation  of  the  upper  part  of  the  thorax  on  one 
or  both  sides. 

There  is  hardly  any  loss  of  strength  in  dry  pleurisy,  even  in  cases 
where  the  disease  begins  with  high  fever  and,  after  a  stormy  initial 
period,  complete  absorption  encUng  in  relatively  rapid  recovery, 
takes  place.  The  insidious  forms  of  inflammation,  on  the  other  hand, 
especially  tuberculous  and  plastic  pleurisy  associated  with  hectic 
fever  and  colliquative  sweats,  are  often  accompanied  by  rapid  loss 
of  strength.  The  greater  the  disturbance  of  the  digestive  apparatus, 
the  more  rapid  the  development  of  high  grades  of  anemia.  Other 
factors  which  lead  to  rapid  loss  of  strength  are  excessive  pain,  in- 
somnia, hemorrhagic  exudate,  and  the  occurrence  of  chills. 

In  many  cases  the  patient's  attitude  is  characteristic  of  the 
variety  of  disease  present.  The  greater  the  pain  in  the  diseased  side, 
the  more  irresistible  the  tendency  on  the  patient's  part  to  assume 
the  dorsal  position  or  a  kind  of  diagonal  position  with  the  convexity 
of  the  body  toward  the  diseased  half.  If  the  exudate  is  very  large 
and  attended  with  much  pain,  the  patient  almost  never  hes  on  the 
sound  side,  because  the  breathing  would  be  too  much  interfered  with 
in  this  position.  In  such  cases  the  patient  preferably  lies  either  on 
his  back  or  on  the  diseased  side.  As  the  interference  with  respiration 
or  the  encroachment  on  the  respiratory  surface  increases,  the  patients 
tend  more  and  more  to  assume  the  dorsal  or  even  a  sitting  position, 
on  account  of  the  greater  ease,  in  this  attitude,  of  expanding  the 
•entire  thorax,  particularly  the  upper  portions. 
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J.  INSPECTION. 

On  inspection  a  certain  characteristic  retraction  of  the  inferior 
lateral  portions  of  the  thorax  is  observed.  This  is  particularly  well 
marked  when  the  intercostal  spaces  are  wide,  and  indicates  a  lack  of 
expansion  in  those  regions  when  the  respiratory  movements  in  the 
upper  portion  are  increased,  so  that  the  latter  is  completely  filled  dur- 
ing inspiration.  Retraction  may,  however,  also  be  due  to  a  circum- 
scribed adhesion  between  the  two  layers  of  the  pleura,  or  to  atelec- 
tatic conditions  and  consolidations,  because  the  pressure  of  the 
external  air  during  inspiration  effects  a  depression  of  the  soft 
■outer  parts  over  these  areas. 

If  there  is  much  pain,  this  will  be  indicated  by  a  characteristic 
inclination  of  the  body  toward  the  diseased  side  and  a  peculiar,  ac- 
celerated, jerky  respiration. 

As  the  exudate  increases  the  shape  of  the  corresponding  half  of  the 
thorax  undergoes  marked  changes,  the  circumference  of  the  thorax  as 
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measurpcl  by  means  of  the  cyrtomcter  or  tajx'-measiire  shows  an  in- 
crease, causing  the  lower  lateral  portions  to  bulge,  while  the  intercostal 
depressions  become  obliterated  and  the  spaces  between  the  ribs 
increase  in  width  or  may  even  bulge  outward,  as  is  readily  determined 
by  compaiing  them  with  the  intercostal  spaces  of  the  sound  half. 
It  is  important  to  measure  the  circumference  during  expiration,  or 
while  the  patient  is  holding  his  breath,  as  the  conditions  are  not  as 
clearly  brought  out  during  iiLspiration;  for  if  the  pulmonary  function 
is  good,  the  upper  portions  of  the  thorax,  even  in  the  beginning  of 
the  disease,  are  well  dilated  by  the  compensatory  activity  of  the 
respiratory  muscles,  and  the  characteristic  barrel-shaped  deformity 
is  not  marked  except  during  inspiration.  Later  this  difference  tends 
to  disappear  more  and  more. 

In  many  cases  the  diaphragm,  when  at  its  deepest  position, — namely, 
during  inspiration, — may  be  felt  below  the  costal  margin.  Some  authors 
affirm  that  it  may  be  palpable  in  rare  cases  as  a  permanent  do"^Tiward 
bulging;  personally  I  have  never  seen  such  a  condition.  [Absence  of 
Litten's  phenomenon  or  the  shadow  of  the  diaphragm  is  another  valu- 
able diagnostic  sign.  It  may  be  particularly  useful  on  the  right  side, 
to  distinguish  between  pleural  efTusion  and  enlargement  of  the  liver  or 
subdiaphragmatic  abscess,  as  the  phenomenon  is  preserved  in  the  two 
latter  conditions. — Ed.] 

The  shoulder  of  the  diseased  side  in  cases  of  moderate  effusion  is 
often  higher  than  that  of  the  sound  side,  and  the  vertebral  column, 
which  at  first  shows  a  scoliosis  toward  the  sound  side,  gradually 
tends  to  straighten  out  as  the  healthy  lung  becomes  more  Adgorous 
in  action;  it  may  even  show  a  convexity  toward  the  diseased  side. 
[In  cliildren,  and  in  cases  of  large  effusion  in  adults,  a  striking  feature 
is  the  increased  distance  of  the  angle  of  the  scapula  from  the  spinal 
column,  on  the  affected  side. — Ed.] 

The  results  obtained  by  inspection  of  the  heart  vary  according 
to  the  position  of  the  exudate,  the  degree  of  cardiac  acti^ity,  the 
general  state  of  the  individual,  the  mobility  of  the  lung,  and  the 
presence  of  adhesions.  True  dislocation  of  the  heart  is  usually  ob- 
served in  cases  of  extensive,  free  exudates  or  in  moderately  large, 
encapsulated  effusions  in  the  left  half  of  the  thorax. 

In  the  beginning  the  apex-beat  disappears  or  a  peculiar  undulation 
is  observed  in  the  intercostal  spaces  of  the  precordial  region,  which, 
so  to  speak,  collapse  \\'ith  systole.  The  impulse  over  the  sternum  and 
the  area  King  to  the  right  of  the  sternum  cannot  always  be  referred 
to  dislocation  of  the  heart;  as  a  rule,  it  merely  indicates  excessive 
action  of  the  right  ventricle,  or  either  an  active  or  a  passive  dilatation 
of  the  cavdty.  Passive  dilatation  may  be  assumed  when  the  venous 
pulsation  is  marked  or  other  phenomena  of  venous  stasis  are  v'isible. 

A  strong  venous  pulsation  does  not  necessarily  inchcate  the 
presence  of  an  extensive  exudate,  as  it  may  be  due  to  labored  respira- 
tory movements,  on  accoimt  of  which  the  effect  of  the  cardiac  pulsa- 
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tion  on  the  venous  system  is  more  perceptible  than  under  normal 
conditions.  Undulation  of  the  veins  with  distinct  engorgement 
during  inspiration  is  a  much  more  reliable  sign  of  the  so-called  diminu- 
tion of  space  in  the  pleural  cavity  than  are  variations  in  pulsation. 

The  outer  walls  of  the  thorax  rarely  present  any  visible  altera- 
tions except  in  very  extensive  serous  exudates  leading  to  considerable 
interference  with  the  venous  flow  from  the  thorax  walls.  Under 
such  conditions  there  may  be  an  increased  resistance  to  the  touch 
over  circumscribed  areas  in  the  diseased  side,  which  is  particularly 
noticeable  when  folds  of  the  skin  are  picked  up  between  the  fingers. 
'As  a  rule,  the  only  visible  difference  is  that  the  cutaneous  veins  are 
more  conspicuous  and  more  tortuous  than  normal. 

Edema  of  the  skin  is  often  observed  in  purulent  effusions  and  in 
serous  effusions  that  have  developed  very  rapidly.  The  value  of 
this  phenomenon  as  a  diagnostic  sign  of  suppuration  was  formerly 
much  exaggerated.  [To  support  this  view,  with  which  we  are  in 
accord,  we  have  seen  a  local  edema  over  the  right  base  in  cancer 
of  the  lower  lobe  of  the  right  lung. — Ed.]  Edema  due  to  venous 
obstruction  may  be  observed  in  any  debilitated  individual,  and  the 
edema  is  not  necessarily  on  the  side  of  the  exudate;  it  is  usually 
observed  in  any  part  of  the  body,  which,  owing  to  the  forced  position 
of  the  patient,  is  especially  exposed  to  pressure.  Thus  the  edema 
is  often  very  marked  on  the  sound  side,  especially  over  the  back 
and  buttocks,  and  almost  always  indicates  a  distinct  loss  of  strength, 

A  conspicuous  phenomenon  that  may  be  observed  even  in  moderate 
degrees  of  effusion,  particularly  when  combined  with  great  sensitive- 
ness of  the  thoracic  walls,  and  is  almost  certain  to  be  present  when 
the  exudate  is  extensive,  is  a  certain  asynchronism  of  the  respirator]/ 
movements,  both  the  inspiratory  dilatation  and  the  expiratory  con- 
traction being  perceptibly  delayed  on  the  affected  side.  Of  course, 
similar  appearances  may  be  produced  by  dense  adhesions  of  the  lung 
or  the  early  formation  of  atelectasis,  as  by  a  very  large  exudate,  but 
in  the  latter  case  the  absolute  dilatation  of  the  thoracic  cavity  is 
usually  greater. 

This  asynchronism  cannot  be  due  solely  to  the  interposition  of  an 
exudate  between  the  lung  and  the  thoracic  wall,  causing  a  delayed  re- 
sponse to  the  pull  of  the  thoracic  muscles,  since  the  phenomenon  is  also 
observed  during  inspiration  and  when  the  exudate  is  so  small  as  to  be 
almost  imperceptible.  We  evidently  have  to  deal  with  a  reflex  inhibi- 
tion of  respiration, — a  motor  impulse, — the  crest  of  the  wave,  so  to  speak, 
being  reached  more  rapidly  on  the  sound  than  on  the  diseased  side. 
There  is  no  doubt  at  least  that  the  muscular  contractions  on  the  sound 
side  are  much  less  effective  in  advanced  cases. 

During  the  period  of  resorption  in  typical  cases  the  symptoms  re- 
appear to  a  certain  extent  in  inverse  order,  the  tension  of  the  thoracic 
wall  and  the  edema  diminish,  the  contractions  of  the  respiratory 
muscles  and  of  the  diaphragm  begin  to  reappear  over  the  lateral 
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portions,  the  apex-beat  becomes  palpable,  and  the  diffuse  cardiac 
impulse  regains  its  full  extent  to  the  left  of  the  sternum. 

It  goes  without  saying  that  a  diminution  in  the  circumference  of 
one-lialf  the  thorax  does  not  necessarily  indicate  absorption  of  the 
exudate,  as  it  may  be  due  to  shrinking  or  dislocation  of  the  orgaas. 
To  determine  whether  it  is  really  due  to  a  diminution  of  the  exudate 
the  respiratory  excursions  should  be  carefully  observed,  for  if  the 
fluid  exudate  is  undergoing  absorption  they  should  become  more 
distinct  as  the  lung  regains  its  power  of  expansion;  nor  is  the  return 
of  the  cardiac  impulse  and  apex-beat  a  certain  sign  that  resorption 
is  taking  place.  It  may  only  indicate  a  dislocation  of  the  heart 
by  contracting  adhesions,  and  should  therefore  be  utilized  with  a 
certain  degree  of  caution.  It  is  important  to  determine,  if  possible, 
whether  the  apex-beat  is  accompanied,  as  under  normal  conditions, 
by  a  bulging  of  the  intercostal  space,  or  by  a  systolic  retraction,  as  in 
the  latter  case  it  is  more  Ukely  that  adhesions  have  formed  or  that 
dislocation  of  the  organ  has  taken  place. 

In  very  rare  cases  dislocation  of  the  heart  persists  after  normal 
conditions  have  been  restored  because  the  organ  is  held  fast  by  dense 
adhesions,  but  even  under  such  circumstances  cases  have  been  ob- 
served in  which,  after  a  time,  owing  to  sudden  or  gradual  division 
of  the  membranes,  the  organ  returned  to  its  normal  position. 

Certain  deformities  of  the  thorax,  observed  when  there  is  defective 
adaptability  of  the  lungs,  are  very  characteristic.  They  may  be  due 
to  deficiency  in  the  degenerated  and  contracted  muscles  of  the  thorax, 
loss  of  elasticity  of  the  ribs,  ossification  of  the  articular  surfaces, 
atelectasis  of  the  lungs,  and  dense  bands  of  adhesion. 

Abnormal  curvatures  of  the  thoracic  vertebral  column,  with  the 
convexity  directed  usually  to  the  diseased  side,  are  always  com- 
pensated for  by  curvatures  in  some  other  portions  of  the  column. 
A  scohosis  in  the  upper  thoracic  region  is  regularly  accompanied  by 
one  or  more  curvatures  in  the  opposite  direction  in  the  lower  thoracic 
and  lumbar  regions.  The  intercostal  spaces  may  be  contracted  to 
such  an  extent  that  the  ribs  overHe  one  another  like  tiles  on  a  roof. 
The  scapula  of  the  diseased  side  becomes  displaced  and  projects 
from  the  thorax  like  a  -wdng;  at  the  same  time  it  is  usually,  though 
not  always,  lower  than  that  of  the  sound  side. 

The  respiratory  movements  and  respiratory  murmur  may  be  com- 
pletely absent  over  the  diseased  lung,  while  the  activity  of  the  healthy 
lung  is  very  much  increased,  and  may  show  aU  the  signs  of  emphy- 
sema. 

2.  PALPATION. 

Palpation  completes  and  confirms  the  results  obtained  by  inspec- 
tion. It  affords  a  means  of  determining  the  strength  of  the  costal 
muscles  and  the  elasticity  of  the  ribs,  as  well  as  the  exact  extent  of 
the  respiratory  movement  in  different  regions.  By  means  of  palpa- 
tion we  can  also  determine  whether  the  periodic  pulsations  or  bulgings 
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of  the  chest-wall,  corresponding  to  respiratory  expansion  and  con- 
traction, emanate  from  the  heart  and  vessels  or  from  the  pleura  itself, 
as  in  the  latter  case  {empyema  pulsans)  they  are  usually  divided 
by  a  non-pulsating  zone  from  the  area  of  greatest  cardiac  pulsation. 

Palpation  also  reveals  the  presence  of  a  pleuritic  rub,  and  the  ease 
with  which  this  sign  may  be  recognized  will  depend  on  the  roughness 
of  the  pleura  on  which  the  vibrations  depend  and  the  power  of  the 
thorax  to  transmit  the  vibrations.  If  there  is  much  subcutaneous 
fat  and  the  chest-walls  are  soft  and  yielding,  the  friction  fremitus 
cannot  usually  be  determined  by  palpation,  even  though  marked 
friction  sounds  may  be  heard  on  auscultation. 

By  palpation  we  also  determine  the  degree  and  seat  of  pain,  the 
position  and  resistance  of  the  apex-beat,  the  dislocation  of  the  heart, 
and  the  degree  of  displacement  of  the  lung.  In  retraction  of  the 
left  lung  it  also  enables  us  to  determine  an  important  sign, — ^the 
so-called  diastolic  click  of  the  pulmonary  valves, — a  phenomenon 
which  possibly  may  emanate  from  the  pulmonary  artery,  but  cer- 
tainly not  from  the  valves,  and  is  due  simply  to  an  alteration  in  the 
blood-current  within  the  pulmonary  arteries  or  to  something  which 
facilitates  the  transmission  of  the  vibrations  from  that  point.  Both 
factors  are  favored  by  retraction  of  the  left  upper  lobe,  and  also  to 
some  extent  by  the  presence  of  infiltration  in  this  region. 

Fluctuation  may  rarely  be  determined  when  the  exudate  is  very 
extensive,  the  intercostal  spaces  are  very  wide,  the  muscles  flaccid, 
or  when  there  is  a  complete  absence  of  subcutaneous  fatty  tissue  and 
of  edema.  The  sign  is  present  only  in  the  loAver  lateral  portions  of 
the  thorax,  and  is  best  elicited  by  pressing  one  hand  firmly  against 
the  lateral  wall,  while  with  the  other  the  lowest  portion  of  the  dorsal 
surface  is  percussed  with  moderate  force. 

Palpation  also  enables  us  to  test  the  pectoral  fremitus,  which  is 
a  sign  of  some  value,  providing  the  many  possible  errors  are  carefully 
avoided.  Among  the  sources  of  error  the  most  important  are  edema 
of  the  thoracic  walls,  pleural  adhesions,  atelectatic  and  hypostatic 
processes,  and,  above  all,  occlusion  of  the  bronchi  by  swelling  of  the 
mucous  membrane  or  the  presence  of  mucus,  conditions  which  modify 
the  sign,  in  the  same  way  as  a  pleuritic  effusion,  by  interfering  with 
the  intrabronchial  transmission  of  the  sound-waves. 

Since  atelectasis  and  the  accumulation  of  mucus  in  the  larger 
bronchi  are  the  most  important  factors  in  the  diminution  of  the 
pectoral  fremitus,  it  should  be  observed  as  an  invariable  rule  never 
to  test  the  pectoral  fremitus  without  asking  the  patient  to  draw  several 
deep  breaths  and  to  clear  the  lungs  by  repeated  coughing. 

If  the  test  is  made  immediately  after  the  patient  has  assumed  a 
sitting  posture,  the  results  are  always  very  indefinite  and  unreliable. 
The  tactile  fremitus,  which  at  first  appears  to  be  entirely  absent 
over  a  large  area,  becomes  clearly  perceptible  in  different  portions 
of  the  thorax  at  the  end  of. a  long  examination.  Relatively  rapid 
and  considerable  changes  in  the  fremitus  may  be  occasioned  by  a 
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rapidly  sinking  exudate  or  by  layers  of  fibrin,  hence  in  palpation,  as 
well  as  in  auscultation  and  percussion,  the  precaution  should  be  ob- 
served of  allowing  the  patient  to  sit  up  for  several  minutes  before 
making  a  final  examination  of  the  dorsal  surface,  or  at  least  to  repeat 
the  fremitus  test  at  the  end  of  an  examination  and  compare  the  two 
results.  The  fact  that  the  fremitus  is  normally  somewhat  more 
marked  on  the  right  than  on  the  left  side  must  not  be  lost  sight  of. 

In  apparent  contradiction  to  this  condition,  which,  according  to  our 
view,  is  the  rule,  Traube  ^  frequently  found  that  during  a  long  exami- 
nation the  fremitus  periodically  vanishes  and  reappears,  and  he  assumes 
that.  o\nng  to  the  constant  tendency  to  atelectasis,  the  more  accentuated 
expirations  associated  ^^-ith  phonation  increase  the  collapse  of  the  lung 
and  thus  diminish  the  fremitus  until  it  is  restored  by  the  repeated  deep 
inspirations. 

But  this  contradiction  is  only  apparent,  since,  owing  to  the  complex 
and  inconstant  nature  of  the  determining  factors,  the  results  necessarily 
varv  from  moment  to  moment,  and  do  not  follow  any  rule  that  can  be 
determined  beforehand.  In  many  cases  a  rapid  change  in  the  phepom- 
ena  is  more  conclusive  than  the  absolute  result  of  the  first  examination. 

As  a  rule,  in  moderately  large  exudates  three  distinct  zones  can 
be  distinguished  on  the  dorsal  surface,  presenting  marked  variations 
in  the  fremitus.  Over  the  lowest  portion  it  is  diminished  or  absent, 
becoming  more  and  more  distinct  in  the  higher  portions  or  even 
increased  in  a  certain  area,  w^hile,  finally,  the  third  or  highest  zone 
always  presents  a  normal  fremitus.  This  division  into  three  distinct 
zones  is  readily  explained  on  physical  grounds. 

The  lowest  zone  corresponds  to  the  region  occupied  by  the  thickest 
layer  of  fluid  w^hich  has  led  to  displacement  and  retraction  or  repres- 
sion of  the  lung.  The  central  zone  of  increased  fremitus  corresponds 
to  that  portion  where  very  little  fluid  intervenes  between  the  lung 
and  the  thoracic  w^all;  but,  as  the  retracted  lung  has  become  more 
or  less  atelectatic,  it  traiLsmits  the  vibrations  of  the  voice  more  readily, 
providing  the  bronchi  are  free.  The  highest  zone,  where  the  fremitus 
is  normal,  corresponds  to  the  area  where  there  has  been  no  alteration 
in  tension  and  in  the  amount  of  air  contained  in  the  lung. 

Even  when  the  entire  half  of  the  thorax  is  filled  with  fluid  there 
may  be  a  moderately  large  area  in  the  interscapular  space,  close  to 
the'  vertebral  column,  where  fremitus  is  distinctly  preserved.  In 
this  area  the  lung,  although  completely  retracted,  is  not  compressed 
and  Hes  in  close  apposition  to  the  thoracic  wall,  or  else  there  is  a  large 
bronchus  that  is  relatively  superficial. 

.  The  fremitijs  is  not  always  the  same  at  every  point  on  the  same 
transverse  fine  or  at  cUfferent  times.  Its  strength  depends  on  a 
variety  of  important  local  factors,  and  the  fact  that  it  varies  in  two 
adjacent  areas  does  not  by  any  means  justify  the  assumption  of 
encapsulation  or  of  the  presence  of  foci  in  the  lung.  Hence  it  does 
not  seem  to  us  permissible  to   base  the  diagnosis  of  multilocular 
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pleurisy  on  difference  in  the  fremitus,  and  for  this  condition  also 
exploratory  puncture  is  a  much  more  trustworthy  diagnostic  method. 


3.  PERCUSSION. 

Percussion  is  one  of  the  most  important  means  of  diagnosis  in 
the  hands  of  the  practised  examiner,  provided  he  does  not  interpret 
his  findings  according  to  set  rules.  It  is,  of  course,  valuable  only 
when  there  is  a  fairly  large  exudate,  and  one  should  carefully  guard 
against  faUing  into  the  error  of  supposing  that  any  marked  dulness 
in  the  lower  portion  of  the  thorax,  in  the  absence  of  rales  and  dim- 
inution of  the  respiratory  murmur,  indicates  the  presence  of  an 
exudate.  In  certain  conditions  of  the  thoracic  muscles  attended 
with  pain,  as  muscular  rheumatism  or  intercostal  neuralgia,  and  even 
in  certain  mild  cases  of  dry  pleurisy,  spasmodic  contraction  of  the 
thoracic  muscles  often  simulates  dulness  which  promptly  disappears 
after  the  pain  has  been  allayed  by  an  injection  of  morphin. 

In  doubtful  cases,  where  a  questionable  dulness  of  this  kind  over 
the  posterior  and  inferior  portions  of  the  pleura  is  present,  a  careful 
examination  of  the  lateral  wall  of  the  thorax  offers  one  of  the  most 
reliable  means  of  determining  the  presence  of  a  fluid  exudate ;  if  the 
exudate  is  on  the  left  side,  the  area  between  the  fifth  and  eighth  inter- 
costal spaces ;  if  on  the  right  side,  the  portion  of  the  wall  immediately 
above  the  fiver  and  to  the  right  of  the  sternum. 

The  possibility  of  detecting  the  exudate  does  not  in  any  sense 
depend  on  its  size,  as  the  degree  of  dulness  is  dependent  largely  on  the 
power  of  the  thoracic  wall  to  transmit  vibrations,  the  amount  of 
subcutaneous  fat,  the  thickness  of  the  muscles  and  skin,  the  ex- 
pansibility of  the  lungs,  the  nature  of  the  exudate,  and  the  con- 
dition of  the  costal  pleura.  Just  as  in  pneumothorax,  a  very  large 
exudate  may,  on  account  of  the  amount  of  space  within  the  pleural 
cavity,  escape  our  notice,  so  in  conditions  of  hyperresonance  in 
the  lung,  and  when  the  ribs  are  more  ossified  than  usual,  the  effect 
of  relatively  large  masses  of  exudate  on  the  percutory  note  may 
be  destroyed  or  at  least  diminished. 

Dulness  is  most  distinctly  present  in  women  and  children  who 
have  relatively  thin  chest-walls.  As  a  rule,  from  400  to  500  c.c. 
can  always  be  detected  even  under  unfavorable  circumstances,  and 
much  smaller  amounts  may  under  favorable  conditions,  as  we  have 
frequently  proved  by  exploratory  puncture,  give  rise  to  a  considerable 
degree  of  dulness. 

There  is  no  doubt  that  much  depends  on  the  depth  of  the  fluid, 
the  amount  of  cells  and  fibrin  contained,  the  sweUing  of  the  pleura 
itself,  and  the  atelectasis  of  the  superficial  portions  of  the  lung.  I 
have  seen  cases  of  pleurisy  without  fluid  exudate  in  which  the  necropsy 
showed  that  the  solid  deposits  were  neither  very  thick  nor  very 
extensive,  and  yet  there  was  such  a  marked  degree  of  dulness  that 
if  the  results  of  percussion  alone  had  been  considered  one  must  have 
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infallibly  assumed  the  presence  of  a  tumor,  particularly  as  in  such 
cases  the  respiratory  murmur  is  much  diminished  or  altogether 
absent.  And  as  in  other  cases,  particularly  in  tuberculous  plastic 
pleurisy  with  little  or  no  involvement  of  the  lung,  the  extent  and 
intensity  of  the  dulness  over  the  upper  and  lower  portions  of  the 
lung  are  often  quite  considerable  and  out  of  all  proportion  to  the 
small  amount  of  fluid  exudate  shown  to  be  present  by  exploratory 
puncture,  one  is  justified  in  concluding  that  the  intensity  of  the  dul- 
ness in  general  depends  less  on  the  amount  of  the  exudate  present 
or  on  a  diminution  of  the  air  contained  in  the  lung  than  on  the  sound- 
conducting  power  of  the  thoracic  wall  itself.  In  other  words,  large 
masses  of  exudate  produce  a  relatively  small  amount  of  dulness 
if  the  chest-wall  itself  is  capable  of  giving  out  a  specially  loud  note; 
and,  conversely,  a  slight  variation  in  the  intrapleural  conditions  or 
amount  of  air  contained  in  the  lung  materially  affects  the  note  if  the 
chest-wall  itself  does  not  contribute  to  the  resonance. 

The  method  employed  in  percussion  must,  of  course,  be  varied 
according  to  circumstances,  and  the  difficulties  or  uncertainties  in 
the  results  obtained  are  frequently  due  to  the  fact  that  this  circum- 
stance is  not  sufficiently  appreciated.  If  the  thoracic  wall  is  thick, 
deep  percussion  should  be  used;  while  if  it  is  thin  and  the  lung  reso- 
nant, the  examiner  should  percuss  lightly,  especially  when  deter- 
mining the  boundaries  of  the  different  areas  of  dulness. 

It  is  an  important  rule  never  to  try  the  percussion  note  of  the  dis- 
eased side  until  the  conditions  over  the  sound  lung,  its  resonance  in 
the  resting  position  and  in  the  various  phases  of  respiration,  the 
degree  of  compensatory  acti\dt3"  or  retraction,  have  been  satisfactorily 
determined  by  means  of  percussion  and  auscultation  and  by  carefully 
outlining  the  liver  and  stomach  areas. 

The  louder  the  note  over  the  sound  limg  or  the  apparently  resonant 
portion,  the  less  force  should  be  used  in  percussion,  remembering 
that  under  such  circumstances  even  a  moderate  degree  of  dulness 
deserves  consideration.  "^Mienever  the  dulness  is  not  very  extensive, 
and  particularly  when  it  is  desired  to  determine  small  areas  or  moder- 
ate degrees  of  dulness,  light  percussion  should  generally  be  employed, 
so  as  to  avoid  throwing  the  adjoining  healthy  portions  of  the  lung 
into  vibration. 

The  relation  between  the  level  of  the  exudate  and  its  extent  in 
the  transverse  direction  must  be  taken  into  account.  An  exudate 
may  under  certain  circumstances  extend  to  a  high  level  and  produce 
a  broad  zone  of  dulness,  although  the  actual  amount  of  exudate  is 
only  moderate.  Whenever  retraction  of  the  lung  is  interfered  wdth 
by  pulmonary  emphysema,  adhesions,  etc.,  the  thickness  of  the 
layer  is  naturally  chminished,  and  the  exudate  accorcUngly  rises  to 
a  higher  level.  As  the  layer  of  fluid  is  thin  the  dulness  is  less  exten- 
sive, and  although  the  exudate  reaches  to  a  high  level,  the  three 
zones  of  dulness  are  not  pronounced,  the  middle  zone  being  absent  or 
reduced  to  a  minimum.  . 
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The  same  rule  that  has  just  been  given  for  the  determination  of 
the  tactile  fremitus  applies  to  percussion.  The  examination  should 
only  be  made  after  the  patient  has  taken  several  long  breaths  or 
coughed  repeatedly,  or  else  the  difference  between  the  results  obtained 
immediately  after  the  patient  has  assumed  the  sitting  posture  and 
after  he  has  been  breathing  deeply  for  some  time  should  alone  be 
utilized  in  determining  the  distensibihty  of  the  lung  and  movability 
of  the  exudate. 

The  upper  limit  of  the  exudate,  therefore,  can  be  determined  with 
certainty  only  after  the  patient  has  sat  up  for  some  time;  and  if  in 
such  cases  no  marked  changes  are  observed  after  a  certain  time,  it 
may  be  inferred  that  the  exudate  is  quite  large,  or  that  the  lung  is 
much  retracted,  or  that  deposits  and  adhesions  of  relatively  large 
extent  and  thickness  have  been  formed.  The  upper  limit  of  the 
exudate  is  indicated  by  a  horizontal  line  if  the  patient  is  still  capable 
of  some  movement,  and  particularly  in  patients  who  have  continued 
to  follow  their  usual  work  after  the  formation  of  the  exudate.  In 
patients  who  have  been  in  the  semirecumbent  position  for  some  time, 
it  corresponds  to  a  curve  running  from  the  vertebral  column  outward 
and  downward  toward  the  lateral  wall,  the  direction  roughly  corre- 
sponding to  that  of  the  intercostal  spaces. 

In  some  rather  obscure  cases  the  upper  concavity  of  the  line  is  directed 
toward  the  sternum;  in  others  the  boundary-line  is  convex  toward  the 
sternum,  and  this  form,  in  which  the  upper  boundary-line  corresponds 
to  a  parabola  with  its  apex  in  the  lateral  wall  of  the  thorax  (usually  in 
the  axillary  line),  has  been  named  after  Ellis-Damoiseau.^ 

The  formation  of  the  curve  depends  not  only  on  hydrostatic 
laws  and  the  capillarity  of  the  pleural  space,  but  also  on  the  character 
of  the  respiratory  movements,  the  nature  of  the  exudate,  the  forma- 
tion of  adhesions  or  other  processes  in  the  pulmonary  tissue  (atelec- 
tasis, bronchopneumonic  foci,  emphysema),  and  to  some  extent  also 
on  the  condition  of  the  chest  muscles,  the  strength  of  the  diaphragm, 
and  other  factors. 

In  regard  to  the  diagnostic  and  prognostic  significance  of  these  curves, 
we  possess  no  information,  at  least  so  far  as  my  knowledge  goes.  Ac- 
cording to  Gerhardt,^  a  sigmoid  curve  with  its  highest  point  between 
the  scapula  and  the  axillary  line  is  observed  principally  in  individuals 
who  are  in  the  habit  of  lying  on  the  diseased  side,  and  is  never  found  in 
recent  cases. 

On  the  posterior  surface  of  the  thorax  two  or  three  zones  can  be 
distinguished,  as  was  shown  on  page  854  in  speaking  of  the  examina- 
tion of  the  fremitus :  a  lower  zone  of  flatness,  and  an  upper  zone  where 
the  note  is  normal,  or  somewhat  louder  than  normal.  These  two 
zones  are  usually  separated  by  a  more  or  less  extensive  area  where" 
the  note  is  loud  or  moderately  tympanitic,  corresponding  to  the 
retracted  and  relaxed,  although  not  atelectatic,  portions  of  the  lung. 
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The  higher  the  level  of  the  fluid,  the  more  these  zones  are  displaced 
upward.  With  very  largo  exudates  the  entire  posterior  surface  may 
be  absolutely  dull,  with  the  exception  of  an  area  near  the  vertebral 
column  in  the  region  of  the  interscapular  space,  where  the  re- 
tracted, lung  is  closely  applied  to  the  thoracic  wall.  Here  the  sound 
may  for  some  time  remain  moderately  tympanitic.  In  certain  cases 
the  note  obtained  on  deep  percussion  over  the  lower  portions  of  the 
left  lung  assumes  a  tympanitic  quality  owing  to  the  gastric  and 
intestinal  walls  taking  part  in  the  vibrations. 

In  the  lateral  wall  two  zones  only  are  usually  observed :  a  lower 
one,  where  the  dulness  is  moderate,  and  a  smaller  upper  one  in  the 
axilla,  where  the  note  is  moderately  tympanitic.  As  soon  as  the 
exudate  reaches  the  intrascapular  space  the  last-mentioned  zone  also 
becomes  dull  and  loses  its  tympanitic  quaUty.  In  the  anterior  wall 
a  low-pitched,  loud,  more  or  less  tympanitic  note  is  obtained  even 
^^dth  a  small  amount  of  exudate,  immediately  beneath  the  clavicle 
and  in  the  second  intercostal  space.  If  the  exudate  increases  and  it 
is  possible  to  detect  the  presence  of  a  fluid  even  in  the  upright  position, 
percussion  from  below  upward  may  show  a  gradual  transition  from 
absolute  dulness  to  resonance  or  relative  tjniipany,  and  even  with 
a  large  exudate  a  clear  tympanitic  note  is  usually  obtained  close  to 
the  upper  portion  of  the  left  border  of  the  sternum. 

A  tympanitic  note  high,  seldom  low  in  pitch,  is  heard  more  and 
more  distincth^  as  the  atelectasis  of  the  lung  increases  ;  and  even 
when  the  entire  thoracic  cavity  is  filled  with  fluid,  a  tympanitic 
element  may  be  detected  in  the  note  immediately  below  the  clavicle 
(Skodaic  resonance)  if  it  is  possible  to  throw  the  column  of  air  in  the 
left  bronchus  and  in  the  trachea  into  \'ibration.  The  note  thus 
obtained  is  altered  in  pitch  as  the  mouth  is  opened  and  closed  (Wil- 
liam's tracheal  tone),  and  a  cracked-pot  sound  is  often  produced,  a 
circumstance  which  occasionally  leads  to  errors  in  diagnosis  (cavities) 
if  the  history  is  carelessly  taken.  It  is  readily  explained  if  the  physical 
conditions  in  the  retracted  lung  are  borne  in  mind. 

During  respiration  the  note  varies  even  over  the  areas  of  greatest 
dulness.  It  becomes  louder  during  inspiration  because  even  the  re- 
tracted portions  of  the  lung  become  periodically  filled  \yith.  air,  or  because 
on  deep  percussion  the  actively  expanding  compensator}^  portions  of  the 
lung  are  thrown  into  more  vigorous  vibrations. 

The  loud,  low-pitched  tympanitic  note  below  the  clavicle  (Skodaic 
resonance)  becomes  higher  in  pitch  during  inspiration,  not  so  much  on 
account  of  the  inspiratory  expansion  of  the  pulmonar}'  tissue  as  on  ac- 
count of  the  stretching  of  the  intercostal  muscles  (Rosenbach^). 

The  percussion  should  include  an  examination  of  Traube's  space, 
a  semilunar  space  characterized  by  a  loud  tympanitic  note  bounded 
below  by  the  left  border  of  the  thorax,  above  by  a  curved  line  ^dth 
the  conca\ity  directed  downward,  and  extending  from  the  fifth  or 
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sixth  costal  cartilage  along  the  border  of  the  thorax  to  the  anterior 
border  of  the  ninth  or  tenth  ribs. 

In  this  region  a  narrow  band  of  intense  dulness  may  under  favor- 
able conditions  be  detected  even  when  the  exudate,  as  shown  by 
exploratory  puncture,  is  very  moderate  in  amount.  This  dulness  is 
readily  distinguished  from  the  splenic  dulness  because  the  transverse 
diameter  of  the  area  between  the  two  axillary  lines  is  relatively 
small  in  proportion  to  the  vertical  diameter  in  the  mid-axillary  line. 
If  the  dulness  were  splenic  in  character,  the  splenic  tumor  would  in 
such  cases  be  readily  palpable  below  the  costal  border,  hence  the 
formation  of  an  exudate  in  this  region  can  be  determined  with 
certainty  even  without  at  once  resorting  to  exploratory  puncture. 

The  low-pitched  tympanitic  area  known  as  Traube's  space  di- 
minishes at  each  inspiration,  and  the  note  becomes  higher  in  pitch 
the  greater  the  distensibility  of  the  lung  and  the  downward  excursion 
of  the  diaphragm.  In  the  same  way  an  accumulation  of  fluid  in 
the  lowest  portions  of  the  pleural  cavity  will  tend  to  shorten  it. 

In  the  former  case  the  presence  of  a  loud  non-tympanitic  pul- 
monary zone  furnishes  a  means  of  determining  the  magnitude  of  the 
diaphragmatic  excursions.  In  the  second  case  the  detection  of  a 
more  or  less  pronounced  dulness  within  Traube's  space  is  of  some 
value  in  favor  of  the  presence  of  fluid.  The  sign  is  not  always 
quite  conclusive,  however,  as  other  processes,  such  as  acute  infiltra- 
tions, abnormal  distention  of  the  abdominal  organs  with  food,  tumors 
developing  in  the  hypochondrium,  may  bring  about  similar  changes 
in  the  semilunar  space,  while,  on  the  other  hand,  even  large  exudates 
may,  instead  of  reducing  the  semilunar  space,  distend  the  thoracic 
wall  or  bring  about  contraction  of  the  lungs. 

Another  difficulty  is  that  unless  the  patient  has  been  examined 
before  the  exudate  is  fully  formed,  or  has  been  under  observation 
before  the  beginning  of  a  fluid  exudate,  the  true  extent  of  the  semi- 
lunar space,  which  is  subject  to  considerable  individual  variations, 
is  not  known,  and  the  examiner  therefore  has  no  standard  by  which 
to  determine  whether  the  exudate  is  constant  or  has  increased. 

In  extensive  exudates  the  diaphragm  may  be  so  displaced,  or,  to 
speak  more  precisely,  it  may  relax  to  such  an  extent  from  loss  of 
tonus,  that  the  semilunar  space  disappears  completely  and  the 
entire  lower  portion  of  the  thorax  shows  absolute  dulness.  Occa- 
sionally the  dulness  even  extends  below  the  costal  margin. 

Displacement  of  the  liver  is  detected  much  more  readily  by  palpa- 
tion than  by  percussion,  as  the  outline  of  the  lower  border  of  the 
liver  and  the  extent  of  the  respiratory  excursions  can  be  deter- 
mined with  much  more  certainty  by  the  former  method.  While  dis- 
placement of  the  liver  is  frequent,  the  corresponding  condition  in  the 
spleen  is  rare  unless  the  organ  has  become  much  enlarged  by  venous 
stasis  or  changes  in  the  interstitial  tissue. 

Displacement  of  the  heart  has  already  been  adverted  to.  There 
is  one  very  important  sign  deserving  mention,  which  consists  in  an 
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apparent  enlargement  of  the  cardiac  dulness  in  the  transverse 
diameter  sonietinios  observed  in  right-sided  exudates.  The  enlarge- 
ment, which  may  amount  to  2  or  3  centimeters,  usually  presents  a 
convex  outline  with  the  convexity  toward  the  right,  and  merges  into 
the  hepatic  dulness.  It  would  be  a  great  mistake  to  regard  this 
phenomenon,  which  is  often  demonstrable  quite  early  in  right-sided 
effusions,  as  a  certain  sign  of  cardiac  iasufticiency  or  dilatation  of 
the  right  ventricle,  particularly  as  it  is  usually  associated  with  a 
very  moderate  degree  of  dyspnea,  a  very  good  pulse,  and  vigoroiLS 
cardiac  action.  A  correct  interpretation  of  this  enlargement  of  the 
cardiac  dulness,  which  usually  begins  immediately  below  the  third 
rib,  depends  on  a  proper  consideration  of  its  peculiar  outline,  the 
intensity  of  the  dulness,  and  particularly  the  absence  of  a  distinct 
cardiac  impulse,  which,  whether  the  heart  were  weak  or  strong,  would 
necessarily  show  itself  in  marked  heaving  of  the  thoracic  wall  to  the 
right  of  the  sternum.  It  is  evident,  therefore,  that  the  increase  in 
the  dulness  is  not  due  to  displacement  or  enlargement  of  the  heart;  in- 
deed, a  careful  examination  ^\'ill  show  that  we  have  to  deal  solely  with 
the  effects  of  a  pleural  exudate.  In  a  number  of  cases  I  have  been  able 
to  prove,  partly  by  direct  exploratory  puncture  and  partly  b}'  the 
subsequent  course  of  the  disease,  that  the  dulness  was  not  due  to  the 
heart,  but  to  an  earh' collection  of  exudate  in  that  portion  of  the  right 
pleural  sac  which  covers  the  heart.  This  condition,  it  is  true,  is 
associated  ^^'ith  a  very  slight  accumulation  of  fluid  in  the  lowest  por- 
tions of  the  pleural  sac  below  the  ninth  or  tenth  rib,  as  can  be  showTi 
b}'  careful  hght  percussion.  In  the  right  lateral  wall,  on  the  other 
hand,  the  accumulation  under  such  conditions  usually  occurs  much 
later.  Just  as  the  appearance  of  this  dulness  is  an  early  sign  of  right- 
sided  effusion,  so  the  disappearance  of  the  dulness  is  a  relatively 
early  sign  of  beginning  absorption.  The  value  of  percussion  in  deter- 
mining the  resorption  of  an  exudate  is  comparatively  slight.  As  a 
rule,  it  merely  serves  to  confirm  the  results  obtained  by  auscultation, 
except  in  cases  of  very  extensive  exudates,  where  it  mav  indicate 
marked  differences  in  resorption.  If,  however,  a  noticeable  diminution 
in  the  intensity  and  extent  of  the  dulness  is  coupled  with  an  undeniable 
improvement  in  the  respiratory  murmur,  if  an  indistinct  or  vesicular 
murmur  is  heard  instead  of  no  murmm*  at  all,  or  one  of  the  various 
forms  of  bronchial  respiration,  resorption  may  be  assumed  to  have 
commenced.  On  the  other  hand,  percussion  is  of  value  in  deter- 
mining the  distensibilit}'  of  the  peripheral  portions  of  the  lungs,  par- 
ticularly if,  even  on  hght  percussion,  a  considerable  increase  in  the 
resonance  is  observed  at  each  inspiration. 

For  the  diagnosis  of  so-called  retrecissement  thoracique,  which  is 
accompanied  by  the  formation  of  massive  plaques,  percussion  is  of 
very  doubtful  value.  Under  such  circumstances  the  results  of  a 
correctly  performed  palpatory  exploratory  puncture  are  far  more 
rehable,  as  the  crunching  sensation  and  the  peculiar  resistance  felt 
as  the  needle  perforates  the  plaque  are  two  of  the  most  characteristic 
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signs,  not  to  mention  that  the  failure  to  obtain  fluid  exudate  abso- 
lutely confirms  the  diagnosis  of  commencing  organization  (Rosen- 
bach9). 

Alterations  in  the  position  of  pleural  exudates  fmore  correctly^ 
the  movability  of  fluid  exudates  following  a  change  of  position  on  the 
part  of  the  patient)  have  been  specially  studied  by  Gerhardt/  Rosen- 
bach,^  Strauch,"  Nicolai^,  and  others.  With  the  method  recommended 
bj^  Da  Costa,  consisting  in  determining  the  limit  of  dulness  while  the 
patient  is  in  a  sitting  posture,  and  again  when  he  is  lying  prone, 
Strauch  observed  an  alteration  in  the  position  of  the  exudate  in  only 
one  case.  Nicolai,  on  the  other  hand,  found  that  it  was  distinctly 
movable  in  55%  of  the  cases,  slightly  movable  in  30%,  and  failed 
to  show  any  change  of  position  in  15%.  In  my  opinion,  the  question 
of  the  movability  of  a  pleuritic  exudate  is  so  complicated  that  it 
cannot  be  decided  by  any  one  method  of  examination.  When  it  is 
remembered  what  a  marked  influence  the  mere  unfolding  of  the 
lung  in  deep  inspiration  exerts  on  the  intensity  and  extent  of  the 
dulness,  without  the  exudate  necessarily  undergoing  any  change  of 
position,  a  mere  increase  in  intensity — that  is,  an  increase  in  the 
volume  of  the  percutory  note— cannot  always  be  attributed  to  a 
displacement  of  the  exudate.  Since,  moreover,  the  portions  of  the 
lung  and  thorax  that  undergo  the  greatest  distention  in  the  sitting 
posture  are  not  the  same  as  those  which  are  most  expanded  in 
the  dorsal  or  ventral  position,  the  posterior  portions  containing 
more  air  in  the  latter  posture,  it  is  clear  that,  even  without  any 
change  in  the  level  of  the  exudate,  an  alteration  of  the  percutory 
note  may,  and  indeed  must,  be  produced  by  any  local  alterations  in 
the  amount  of  air  contained  in  the  lung. 

That  the  position  of  the  exudate  is  due  to  the  peculiar  conditions  of 
pressure  within  the  pleura  and  is  not  always  dependent  on  gravity  alone, 
and  that  we  have  to  deal  with  complicated  static  and  dynamic  condi- 
tions (the  effect  of  aspiration,  the  effect  of  capillary  spaces,  local  differ- 
ences in  pressure,  etc.),  is  shown  by  certain  observations  made  by  Sym- 
ington^ on  frozen  cadavers  containing  pleuritic  exudates  of  moderate 
extent.  This  observer  found  that  in  tranverse  sections  the  anterior 
and  lateral  surfaces  of  the  lungs  were  free  from  exudate,  while  the  poste- 
rior surface  was  entirely  covered  by  a  layer  of  exudate  of  uniform  thick- 
ness throughout  its  extent ;  and  he  also  found  that  the  inferior  posterior 
complementary  spaces  of  the  lungs  were  entirely  free  from  fluid  and 
that  the  layers  of  the  pleura  were  in  contact. 

Although  the  conditions  under  which  these  experiments  were  per- 
formed were  so  peculiar  that  their  results  cannot  be  accepted  as  con- 
clusive in  a  clinical  sense,  they  are  not  without  some  value  in  explaining 
the  mechanism  involved  in  the  movability  of  pleural  exudates.  They 
at  least  support  the  view  that  the  conditions  on  which  the  distribution 
of  the  exudate  depends  have  not  as  yet  been  worked  out  in  every  direc- 
tion, and  tend  to  show  that  the  outline  of  the  dulness  is  not  referable 
simply  to  processes  which  depend  on  the  action  of  gravity. 
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[Crepitation  at  the  base  of  the  lung  is  said  to  bo  a  ■<\fri\  of  the  pres- 
ence of  a  very  small  effusion,  so  small  as  to  |je  praetieally  undiscov- 
enible  by  the  usual  methods  of  examination.  Tlu;  crepitation  dif- 
fer from  that  heard  in  pneumonia,  eitlier  in  the  beginning  of  con- 
soUdation  or  in  the  early  stages  of  resolution;  it  is  only  slightly  moist 
in  character,  more  superficial  and  finer.  The  rales  of  resolution  are 
more  varietl  in  size  and  nuich  more  moist.  The  sound  under  discus- 
sion can  be  dilTerentiated  from  the  lale  of  pulmonary  edema,  with 
which  it  may  be  associated.  It  is  caused  by  pressui-e  of  the  fluid  and 
the  relief  afforded  during  inspiration,  producing  alternate  adhesion  and 
separation  of  the  walls  of  the  alveoli.* — Ed.] 

The  circumstance  alrcad}'  referred  to  as  the  result  of  our  own  obser- 
vations, that  a  displacement  of  the  dulness  is  only  observed  after  the  pa- 
tient has  remained  in  the  altered  position  for  some  time,  is  confirmed 
by  Gerhardt,^  and  may  possibly  be  owing  to  the  presence  of  slight  adhe- 
sions which  must  first  be  broken  up.  In  his  opinion,  the  view  advanced 
by  Laennec,  that  a  displacement  of  larger  exudates  necessitates  the 
movement  of  air  in  the  individual  portions  of  the  lung,  some  areas  in  im- 
mediate contact  with  the  exudate  becoming  atelectatic  while  others  be- 
come expanded,  is  correct. 

Gerhardt^  also  confirms  what  was  found  by  Damoiseau,^  that 
with  a  moderate  exudate  the  sound  side  also  becomes  much  dilated, 
and  that  the  diaphragm  on  the  sound  side  may  even  occupy  a  lower 
position  than  normal  (see  page  837).  After  puncture  or  absorption 
the  diaphragm  rises  considerably  on  both  sides,  and  a  corresponding 
increase  in  the  circumference  of  the  chest  is  also  observed  on  both 
sides. 

Tliis,  as  has  already  been  mentioned,  cannot  be  attributed  to  a 
passive  dilatation  of  the  healthy  thoracic  ca\dty  by  the  thoracic 
organs  being  crowded  to  one  side  by  the  exudate,  but  rather  to  an 
active  process  depending  on  increased  compensatory  respiration. 

4.  AUSCULTATION. 

The  results  of  auscultation  are  most  important  at  the  beginning 
of  the  disease.  With  a  little  care  the  slightest  roughening  or  de^^a- 
tion  from  the  normal  in  the  layers  of  the  pleura  can  be  detected  by 
means  of  the  characteristic  rub  resembling  the  creaking  of  leather. 
Auscultation  may  also  enable  the  examiner  to  detect  small  masses 
of  fluid  exudate,  particularly  if  a  diminution  in  the  intensity  of  the 
normal  respiratory  murmur  is  heard  over  a  circumscribed  area  of 
the  lower  portion  of  the  thorax,  where  the  miu-mur  is  usually  quite 
marked  in  men  and  children. 

The  friction  sound  is  not  always  loud  or  creaking  in  character. 
Sometimes  it  is  a  soft  rubbing  sound  or  a  short  crepitation,  which, 
however,  presents  certain  differences  from  the  typical  crepitant  rales 

*  W.  Janowski,  in  Zeitschr.  furklin.  Med.,  vol.  xxxvi,  Nos.  1  and  2. 
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that  are  often  heard  in  pleurisy;  the  latter  are  specially  noticeable 
over  the  posterior  upper  boundary  of  the  exudate  a  few  seconds 
after  the  patient  has  sat  up. 

The  leather-creaking  (bruit  de  cuir  neuf)  may  be  produced  by 
other  than  pleuritic  processes  that  are  not  due  to  inflammation,  the 
eruption  of  miliary  or  larger  tubercles,  the  presence  of  tumors,  etc. ; 
and  even  when  there  is  a  thin  layer  of  fluid  a  distinct  rub  may  be 
heard,  as  is  easily  shown  by  exploratory  puncture. 

A  frequent  source  of  error  is  a  certain  symmetric  and  often  pal- 
pable creaking,  elicited  most  frequently  over  the  lower  portions  of 
the  lateral  wall,  also  over  the  suprascapular  fossa  or  in  the  inter- 
scapular space,  and  rarely  in  the  supraclavicular  fossa.  This  phe- 
nomenon, which  I  have  termed  pseudopleural  friction,  so  closely 
resembles  the  true  pleuritic  rub  that  even  a  practised  examiner 
is  not  always  able,  without  comparing  the  sound  with  the  ausculta- 
tory note  in  other  portions,  to  distinguish  it  from  the  creaking  leather 
sound  of  the  pleura.  It  appears  to  occur  particularly  in  individuals 
with  wide  intercostal  spaces,  and  when  the  excursion  of  the  lower 
border  of  the  lungs  is  extensive.  This  creaking,  which  is  the  best 
example  of  the  so-called  new-leather  sound  (bruit  de  cuir  neuf),  in  by 
far  the  greatest  number  of  cases  is  not  only  audible,  but  also,  as  has 
been  mentioned,  readily  palpable,  and  possesses  a  certain  jerky 
quality  which  is  also  characteristic  of  the  pleural  rub.  In  many 
cases  where  a  soft  rubbing  sound  may  be  detected  by  palpation, 
the  acoustic  impression  received  is  not  sufficiently  characteristic  to 
cause  confusion  of  this  fremitus  which  is  determined  by  palpation 
with  true  pleuritic  creaking.  The  phenomenon  under  discussion  is  a 
muscular  sound,  being  produced  by  contraction  of  the  intercostal 
thoracic  and  dorsal  muscles,  the  intensity  of  which  depends  on  the 
power  of  the  muscle  to  which  it  is  due  and  to  the  strength  of  the 
contraction  and  the  sound-conducting  power  of  the  muscle.  These 
factors  are  all  present  in  a  high  degree  when  the  intercostal  spaces 
are  wide  and  the  subcutaneous  cellular  tissue  contains  little  fat, 
conditions  which  obtain  most  frequently  in  the  lower  portion  of 
the  lateral  wall  of  the  thorax  and  in  the  interscapular  space.  In 
most  cases  confusion  with  the  pleuritic  rub  is  avoided  by  noting 
the  symmetric  character  of  the  phenomenon  so  characteristic  of 
muscular  sounds  and  the  remarkable  constancy  with  which  the 
sound  is  heard  during  a  prolonged  examination,  the  pleuritic  fric- 
tion sound,  as  is  well  known,  altering  its  character  very  frequently. 
Finally,  the  diagnosis  is  rendered  somewhat  more  easy  by  the  fact 
that  the  sound  is  best  heard  during  inspiration  and  may  be  entirely 
absent  during  expiration. 

Pleuro-pericardial  (pseudo-pericardial)  phenomena  possess  a  spe- 
cial significance.  They  are  due  to  deposits  in  the  immediate  neighbor- 
hood of  the  heart,  and  are  accordingly  influenced  to  an  equal  degree  by 
the  cardiac  action  and  respiration.  They  may  even  be  affected  more 
by  the  cardiac  action  than  by  changes  in  the  respiratory  phases. 
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The  sound  appears  to  occur  most  frequently  in  the  region  of  the 
apex,  where  the  heart  is  covered  by  a  tongue-shaped  portion  of  the 
lung.  Its  character  is  extremely  variable;  it  may  be  systolic  or 
diastolic,  inspiratory  or  expiratory,  and  owes  its  existence  to  a  rough- 
ening of  the  outer  surface  of  the  pericardium  or  the  segments  of  the 
pleura  contiguous  with  the  heart.  The  acoustic  phenomena  vary 
according  as  the  roughened  surfaces  rub  against  each  other  during 
the  locomotion  or  contraction  of  the  heart  or  only  dui-ing  the  respira- 
tor}^ movements. 

To  determine  whether  the  sound  is  produced  within  the  peri- 
cardium, a  protracted  examination  is  usually  required,  and  a  decision 
is,  as  a  rule,  possible  only  if  the  patient  can  hold  his  breath  long 
enough  to  eliminate  completely  the  respiratory  element  of  the  sound. 
In  certain  conditions  change  of  position,  holding  the  breath,  or 
coughing  influences  the  character  of  the  sound  or  causes  it  to  dis- 
appear completely;  and  if  tliis  takes  place,  it  is  a  positive  sign  that 
the  phenomenon  is  extra-pericardial.  The  terms  pneumo-pericardial, 
extra-pericardial,  and  pleuro-pericardial  have  all  been  used  to  desig- 
nate the  friction  sound  referred  to. 

The  changes  in  the  respiratory  murmur  in  pleural  effusions  can 
be  readily  deduced  from  our  knowledge  of  the  possible  changes  in 
the  local  conditions.  The  intensity  and  character  of  the  respiratory 
murmur  depend  on:  (1)  The  possibility  of  acoustically  effective 
waves  being  produced  in  the  respiratory  apparatus ;  that  is  to  say, 
the  character  of  the  sound-producing  medium.  (2)  The  depth  of 
the  breathing.  (3)  The  conducting  power  of  the  media  intervening 
between  the  lung  and  the  examiner's  ear;  that  is,  the  faculty  of  the 
thoracic  wall  to  transmit  sound-waves,  or,  to  speak  more  correctly, 
of  being  thrown  into  the  proper  form  of  \dbrations. 

The  characteristic  changes  in  the  respiratory  murmur  in  pleural 
exudates  vary  according  as  the  conduction  of  the  sound-Avaves  to 
the  ear  of  the  examiner,  which  presupposes  a  synchronous  vibration 
of  the  thoracic  walls,  is  entirely  suspended  by  the  foreign  medium, 
be  it  a  layer  of  fluid  or  a  solid  exudate,  or  merely  inhibited  over  a 
circumscribed  area,  or,  finally,  only  certain  forms  of  waves  are  trans- 
mitted on  account  of  the  abnormal  conditions. 

In  the  second  place,  the  intensity  and  character  of  the  respiratory 
sounds  are  influenced  by  changes  in  the  lung  tissue,  which  in  turn 
depend  on  the  extent  of  the  exudate,  for  any  change  in  the  respiratory 
distention  in  the  superficial  or  even  in  the  deeper  portions  of  the 
Imig  necessarily  modifies  the  waves  which  produce  the  bronchial  or 
vesicular  mm*mur. 

In  moderately  extensive  and  very  extensive  exudates  the  three 
factors  mentioned  are  usually  equally  active,  and  hence  the  A'arious 
forms  of  respiratory  sounds  (zones)  are  found  developed  most  char- 
acteristically in  such  conditions.  The  intensity  of  the  sound  is  found 
to  vary  in  different  areas  up  to  complete  disappearance  of  the  vesicular 
murmur.     Along  with  mere  intensification  and  transition  to  the 
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bronchial  variety  we  find  the  most  pronounced  type  of  bronchial 
breathing. 

Severe  pain  in  the  chest-wall  restricts  the  respiratory  movement  and 
is  to  be  regarded  as  a  mechanical  obstacle  to  the  respiratory  excursion, 
hence  it  necessarily  weakens  the  intensity  of  the  sounds  or  even  causes 
them  to  disappear;  but  as  under  such  conditions  the  intensity  of  the 
sound  is  diminished  equally  over  all  portions  of  the  chest,  this  general 
modification  of  the  respiratory  phenomena  always  points  to  some  general 
external  cause,  and  not  to  a  local  disturbance  of  the  tissues,  whereas 
changes  which  produce  a  localized  bronchial  breathing  always  depend  on 
some  local  tissue  disturbance. 

Diminution  of  the  respiratory  murmur  may,  of  course,  be  com- 
bined \vith  crepitant,  or  \viih  non-resonant  rales,  or  with  sibilant  and 
sonorous  rales,  if  the  retracted  portion  of  the  lung  is  still  capable  of 
distention  during  deep  inspiration,  or  if,  at  least,  during  an  excessive 
respiratory  effort  the  air  is  able  to  pass  the  swollen  bronchial  mucous 
membrane.  In  the  same  way  bronchial  breathing  may  be  associated 
with  resonant  rales  produced  in  the  larger  bronchi.  [Pitres  made  a 
series  of  experiments  on  human  cadavers,  injecting  into  the  pleural 
cavity  fluid  that  solidifies  on  cooling.  His  results  tally  in  the  main 
with  the  findings  by  physical  examination.  Small,  vertical  effusions 
occupy  the  groove  between  the  diaphragm  and  the  ribs  in  the  axillary 
region  and  have  a  horizontal  upper  border.  In  the  supine  position 
the  fluid  sinks  to  the  groove  between  the  ribs  and  the  vertebrae.  In 
large  effusions  the  upper  limit  of  the  fluid,  in  the  erect  posture,  tiu*ns 
downward  abruptly  near  the  vertebral  column,  probably  on  account 
of  the  greater  difficult}^  of  displacing  the  lungs  in  that  region.  The 
form  of  these  experimental  effusions  was  modified  by  pneumothorax, 
adhesions,  thickenings  of  the  lungs,  and  increased  resistance  of  the 
diaphragm.  The  lower  limit  was  concave  in  small  effusions,  convex 
in  large  ones.* — Ed.] 

j^^  the  exudate  grows  the  respiratory  murmur  becomes  more  and 
more  faint  and  distant,  and  finally  disappears  altogether.  If  the 
conditions  are  such  that  the  production  and  transmission  of  the 
rough,  sharp  bronchial  sound  produced  in  the  larynx  or  bronchi  is 
still  possible  after  vesicular  breathing  has  been  abolished  by  the 
retraction  of  the  lung, — a  condition  which  is  alwaj^s  present  in  serous, 
slowly  increasing  exudates  as  one  portion  of  the  lung  is  overdistended 
with  air  and  the  fluid  medium  readily  transmits  sound-waves, — 
if,  in  other  words,  there  is  sufficient  movement  of  air  in  the  uncom- 
pressed portions,  or  perhaps  even  in  the  bronchi  of  the  compressed 
portion,  then  the  various  modiflcations  of  bronchial  breathing  will 
of  course  be  heard.  The  intensity  and  quality  will,  of  course,  depend 
on  the  site  of  its  production  and  the  conducting  facilities ;  in  certain 
cases  it  may  have  a  distinct  amphoric  quality  which  occurs  when  the 
sound-waves  from  a  large  bronchus  are  conducted  through  a  moderate 

*  From  "Year-Book  of  Medicine,"  1899. 
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extent  of  retracted  lung  tissue,  and  not  only  suffer  no  diminution, 
but  even  acquire  a  certain  resonance. 

The  greater  the  differenco  between  the  bronchial  breathing  heard 
over  the  thoracic  wall  antl  the  true  laryngeal  or  tracheal  breathing, 
a  difference  which  mast  always  be  carefully  determined  by  percussion, 
the  more  favorable  are  the  conditions  for  the  movement  of  air  in  the 
corresponding  lung,  and  the  less  pronounced,  as  a  rule,  the  dyspnea. 

Accordingly,  we  not  infrequently  meet  with  cases,  even  in  purulent 
exudates  of  cliildren,  where,  instead  of  a  marked  degree  of  dulness 
with  a  slight  tympanitic  element,  the  bronchial  breathing  and  fremitus 
may  be  as  great  as  in  pneumonia.  In  such  cases  it  is  to  be  assumed 
that  we  have  to  deal  with  a  homogeneoas  fluid,  that  the  pleura  is 
not  covered  with  deposits,  that  there  is  no  edema  of  the  thoracic 
wall,  that  there  is  no  obstruction  of  the  larger  bronclii,  and  that  the 
lung,  though  strongly  retracted,  is  not  compressed  and  has  maintained 
the  equilibrium  characteristic  of  li\ing  tissue  or  is  even  in  a  condition 
of  marked  tonic  excitation. 

In  very  large  exudates  the  thorax  may  be  divided  into  three  dis- 
tinct zones  of  aascultation :  a  lower  zone,  where  the  respiratory  mur- 
mur is  entirely  absent  (compression  or  complete  retraction  of  the 
tissue  mth  diminished  conduction) ;  a  central  zone,  where  conduction 
is  fairly  well  preserved,  and  more  or  less  pronoimced  bronchial  breath- 
ing is  heard  (moderate  atelectasis) ;  and  an  upper  zone,  where  dis- 
tinct and  often  increased  vesicular  breathing  is  ever^-^^'here  audible. 
Between  the  shoulders  and  in  the  axillar}-  space  the  bronchial 
breathing  is  often  most  marked,  and  in  the  lateral  wall  it  is  usually 
more  pronounced  than  on  the  dorsal  surface.  As  the  level  of  the 
exudates  rises,  the  lowest  zone  gradually  increases  in  width,  and 
the  lower  Hmit  of  bronchial  breathing  continually  rises  until  the 
central  zone  may  reach  to  the  infracla^dcular  fossa,  the  respiratory 
murmur  over  the  supra cla\'icular  and  supraspinous  fossae  becoming 
incUstinct.  Eventually  the  respiratory  murmur  may  disappear  over 
the  entire  half  of  the  thorax  and  only  a  faint  remnant  of  sound  be 
heard  over  the  apices.  In  many  cases  amphoric  breathing  and  faint 
metallic  tinkling  are  heard  in  certain  areas  fin  the  interscapular 
space  to  the  right  and  in  the  infracla^-icular  fossa)  as  soon  as  the  ex- 
udate completely  fills  the  plem-al  canity.  The  lung,  as  a  rule,  then 
becomes  permanently  atelectatic  and  retracted  upward  to  such  an  ex- 
tent that  the  soimd  produced  in  the  main  bronchus  becomes  audi- 
ble. In  such  cases  we  also  obtain,  as  has  been  mentioned,  a  per- 
cutory  phenomenon  known  as  Wilhams'  tracheal  tone;  in  short,  we 
have  the  phenomena  erroneously  regarded  as  pathognomonic  of 
ca^aties. 

With  the  progress  of  atelectasis  and  hepatization  of  the  lung, 
which  proceed  hand  in  hand  with  diminution  of  the  respiratory  dis- 
placement and  distention  of  the  organ,  the  character  of  the  respira- 
tory murmur  varies  more  and  more  in  the  different  zones  and  at 
different  times.     Coughing  and  the  expectoration  of  large  masses  of 
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secretion  may  also  modify  the  results  of  auscultation  from  one  moment 
to  another.  Rales  appear  and  disappear,  vesicular  breathing  is  re- 
placed by  crepitant  rales  or  by  bronchial  breathing,  or  the  inverse 
of  this  may,  and  indeed  does,  much  more  frequently  take  place. 

As  the  physical  conditions  necessary  for  the  production  of  so- 
called  bronchophony  are  the  same  as  those  required  for  the  repro- 
duction of  loud  and  high-pitched  bronchial  breathing,  and  only 
necessitate  a  relatively  vigorous  phonation,  bronchophony  will  be 
heard  more  or  less  distinctly  wherever  bronchial  breathing  shows 
that  the  bronchi  are  clear,  that  retraction  is  moderate,  and  the  con- 
ducting power  fairly  good.  In  such  cases  also  the  mochfication  of 
bronchophony  which,  on  account  of  the  high-pitched  jerky  bleating 
quality  depending  on  a  peculiar  periodic  augmentation  and  interrup- 
tion of  the  sound-waves,  is  termed  egophony,  and  which  formerly 
played  an  important  role  in  the  diagnosis  of  pleuritic  exudates,  is 
most  apt  to  be  observed. 

The  so-called  'phenomenon  of  Bacelli,  consisting  in  increased  con- 
duction of  whispered  sounds,  is  not,  as  Bacelli^  assumed,  characteristic 
of  serous  exudates,  for  it  can  be  showTi  by  exploratory  puncture  that  the 
phenomenon  may  be  present  with  equal  distinctness  in  croupous  pneu- 
monia, and  even  in  chronic  infiltration  of  the  lung,  whereas  it  is  absent 
in  simple  serous  exudates  and  in  hydrothorax,  even  when  the  lung  tissue 
is  healthy. 

In  addition,  a  number  of  other  factors,  such  as  complication  of  pleural 
effusion  with  atelectasis  or  bronchopneumonia,  the  strength  of  the  patient 
and  his  ability  to  speak  in  a  loud  tone,  the  thickness  and  condition  of  the 
thoracic  walls,  may  materially  inodify  the  effect  of  the  exudate  itself  on 
the  conduction  of  the  sound-waves,  for  all  of  which  reasons  Bacelli's  phe- 
nomenon, or  the  conduction  of  whispered  sounds  in  the  back  of  the  thorax, 
is  dependent  on  precisely  the  same  conditions  as  bronchial  breathing. 

The  faintest  vibrations  of  the  air  column  in  the  bronchi  are  trans- 
mitted to  the  thoracic  wall  without  any  diminution  of  intensity  even 
when  there  is  a  certain  degree  of  atelectasis  in  the  parenchyma,  if  the 
air-passages  are  not  obstructed  or  compressed,  and  the  lung,  on  account 
of  its  relaxed  condition,  furnishes  a  good  medium  for  the  conduction  of 
the  sound-waves;  hence  whenever  loud  bronchial  breathing  is  heard 
in  the  back,  the  whispered  voice  will  also  be  distinctly  audible  (0.  Rosen- 
bach^). 

Auscultation  of  the  heart  also  may  afford  valuable  information 
in  regard  to  the  condition  of  a  pleural  exudate.  If  the  heart  sounds 
are  heard  more  distinctly  than  usual  over  an  area  of  dulness,  it 
betokens  an  infiltration.  At  least,  it  may  be  accepted  as  a  fact  that 
exudates  encapsulated  near  the  anterior  sm-face  of  the  thorax  are 
more  apt  to  produce  a  diminution  than  an  augmentation  of  the  heart 
sounds.  If  infiltration  of  the  lungs  is  excluded  and  the  heart  sounds 
are  very  loud  outside  the  limits  of  the  normal  heart  area,  dislocation 
due  to  the  presence  of  an  exudate  may  be  assumed  if  this  is  con- 
firmed by  the  results  of  percussion. 
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Heart  murmurs  also  may  be  produced  by  an  exudate.  In  the 
presence  of  the  usual  signs  of  displacement  of  the  heart  a  murmur 
heard  over  the  large  vessels  points  to  commencing  compression  or 
obstruction  to  the  blood-current,  while  a  diminution  of  already 
existing  venous  murmurs  almost  always  indicates  an  increase  in  the 
positive  intrathoracic  pressure,  since  the  intensity  of  the  venous 
hum  is  almost  proportional  to  the  rapidity  of  the  venous  flow  toward 
the  thorax. 

It  goes  without  saying  that  in  any  pleuritic  disease  the  continuance 
of  a  high  temperature  may  lead  to  the  production  of  accidental  murmurs 
due  either  to  a  febrile  acceleration  of  the  blood-current  or  to  great  impair- 
ment of  the  heart-muscle,  although  they  are  not  in  any  sense  character- 
istic of  a  pleural  effusion.  As  far  as  my  observation  goes,  murmurs 
of  this  kind  can  never  with  certainty  be  referred  to  compression  of  the 
aorta  or  of  the  vena  cava.  Such  an  event  is,  however,  quite  possible  on 
theoretic  grounds. 

5.  EXPLORATORY  PUNCTURE. 

Not  without  reason  much  importance  is  not  attached  to  explora- 
tory puncture  in  the  diagnosis  of  pleural  effusions.  Not  so  very 
long  ago  it  was  often  a  very  difficult  diagnostic  problem  to  deter- 
mine in  doubtful  cases  whether  there  was  or  was  not  an  effusion  in 
the  plem-al  ca^dty,  or  an  inflammatory  affection  of  the  lung  associated 
with  diminution  in  the  amount  of  air,  or  a  complication  of  both 
processes  ;  and  to  determine  the  nature  of  the  effusion,  whether  puru- 
lent, serous,  putrid,  or  bloody,  demanded  the  most  subtle  reasoning. 
Now,  however,  thanks  to  the  simple  and  universally  employed 
method  of  punctm-e  ssith  Pravaz's  syringe,  any  doubt  on  these  points 
can  be  removed  -^ith  certainty  and  -^-ithout  danger. 

An  early  recognition  of  the  nature  of  the  fluid  is  particularly  im- 
portant in  purulent  and  putrid  exudates,  as  surgical  intervention 
(incision  or  permanent  aspiration)  in  such  cases  affords  the  only 
successful  means  of  treatment,  and  the  chances  for  complete  recovery 
are  more  favorable,  the  earlier  the  racUcal  operation  is  performed. 

"\Mienever,  therefore,  a  positive  diagnosis  is  not  given  by  the 
existing  symptoms,  which  is  usually  the  case  at  the  beginning  of  the 
disease,  exploratory  pimcture  should  be  resorted  to  in  order  to  deter- 
mine the  nature  of  the  condition.  It  is,  as  I  said  fifteen  years  ago, 
an  independent  diagnostic  method  which  in  many  cases  not  only 
completes  the  usual  physical  examination  by  means  of  percussion  and 
auscultation,  but  also  places  in  our  hands  a  means  of  measuring  the 
value  and  rehability  of  those  methods,  and  it  is  only  by  a  systematic 
emplo}Tnent  of  exploratory  puncture  in  doubtful  cases,  the  number 
of  which  increases  more -and  more  as  soon  as  we  begin  to  doubt  the 
reliability  of  the  usual  signs,  that  we  reach  the  conviction  that  our 
other  diagnostic  methods,  valuable  though  the}'  be,  are  not  as  trust- 
worthy as  might  be  desired. 

The  usual  objection  raised  to  this  method,  the  diagnostic  value 
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of  which  cannot  be  overestimated,  is  that  a  negative  result  is  not  an 
indisputable  sign  of  the  absence  of  fluid  because,  owing  to  the  minute 
caliber  of  the  needle  used,  the  resistance  of  friction  is  not  overcome 
by  aspiration,  and,  therefore,  though  the  purulent  focus  may  be 
reached  by  the  needle,  the  pus,  if  it  is  thick  or  contains  small  coagula, 
is  not  always  drawn  into  the  cylinder  of  the  syringe. 

That  there  is  some  truth  in  this  objection  will  not  be  denied  by 
any  one  who  has  performed  any  number  of  exploratory  punctures, 
especially  in  deep-seated  suppurations, — perinephritis,  pelvoperiton- 
itis,  perityphlitis,  etc., — in  which  operation  and  ultimate  cure  in  most 
cases  depend  on  early  diagnosis.  In  these  very  conditions,  where  a 
long  needle  is  needed  and  the  pus  is  apt  to  be  thick,  aspiration  through 
the  comparatively  narrow  caliber  of  the  needle  becomes  very  difficult, 
as  the  resistance  offered  by  friction  is  of  course  much  greater  in  a 
longer  tube.  Hence  it  happens  much  more  often  than  in  exploratory 
puncture  of  the  thoracic  cavit}^  that  only  a  few  drops  of  a  purulent 
fluid  are  slowly  drawn  into  the  cylinder  of  the  syringe.  In  fact,  the 
syringe  not  infrequently  remains  completely  empty  or  the  piston 
even  springs  back  when  it  is  released,  and  the  examiner  either  decides 
that  there  is  no  pus  present  or,  if  he  wishes  to  make  sure,  has  to 
repeat  the  puncture  in  other  places,  possibly  with  the  same  want  of 
success.  But  after  a  great  deal  of  experience  I  have  learned  that 
an  apparently  negative  result  cannot  really  be  regarded  as  negative 
unless  the  needle  itself  is  found  to  be  entirely  empty  and  does  not 
contain  the  smallest  drop  or  slightest  shred  of  pus,  because  it  often 
happens  in  consequence  of  an  unusually  high  resistance  that  the  pus 
does  not  penetrate  beyond  the  very  point  of  the  needle.  It  is  especi- 
ally apt  to  happen  if  at  the  beginning  of  aspiration  a  minute  shred 
enters  the  needle  and  by  adhering  to  its  walls  encroaches  on  the 
lumen  or  obstructs  it  altogether. 

To  allow  for  this  possibility  I  find  by  experience  that  it  is  wise, 
in  any  case  where  after  raising  the  piston  one-third  no  fluid  enters 
the  cylinder,  to  withdraw  the  syringe  at  once  without  allowing  the 
piston  to  slide  down  to  the  end  of  the  barrel.  If  the  piston  is  allowed 
to  slip  back  by  the  pressure  of  the  air,  or  is  pushed  back  while 
withdrawing  the  syringe,  not  only  would  any  fluid  contained  in 
the  needle  be  returned  to  the  interior  of  the  body  and  the  experiment 
remain  doubtful,  but  the  pus  or  other  products  of  inflammation 
contained  in  the  cannula  might  be  deposited  in  healthy  tissue,  and 
thus  allow  the  infection  to  spread.  In  puncturing  the  intestine  or 
putrid  cavities  it  is  especially  important,  after  the  completion  of 
aspiration,  whether  the  result  be  negative  or  positive,  to  keep  the 
piston  firmly  fixed  with  the  fingers  while  the  needle  is  withdrawn 
as  rapidly  as  possible.  After  an  apparently  negative  puncture  of 
this  kind  has  been  completed,  the  examiner  should  at  once  satisfy 
himself  as  to  the  presence  and  nature  of  any  fluid  within  the 
needle.  This  is  best  done  by  holding  the  tip  over  a  cover-slip  and 
carefully  pushing  down  the  piston.     In  this  way  it  will  not  rarely  be 
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found  that  a  small  droplet  of  pure  pus,  recop;nized  as  such  even 
inacroscopically,  or  a  minute  j)urulent  floccule  floating  in  a  drop  of 
blood,  was  contained  in  the  needle,  and  if  necessary  the  finding  can 
at  once  be  verified  with  the  microscope.  By  this  procedure  I  have 
more  than  once  been  enabled  to  confirm  a  provisional  diagnosis, 
which  either  intlucetl  me  to  advise  an  operation  revealing  an  exten- 
sive purulent  deposit,  or  at  least  inspired  me  with  enough  confidence 
to  make  another  exploratory  puncture  at  the  same  spot  with  a  larger 
needle. 

My  advice,  therefore,  even  when  the  result  of  exploratory  punc- 
ture is  apparently  negative,  is  never  to  regard  it  as  negative,  that 
is  to  say,  to  exlcude  the  presence  of  a  purulent  effusion  at  the  site 
of  the  puncture,  unless  the  minute  droplet  of  usually  sanguineous 
fluid  contained  in  the  needle  on  microscopic  examination  distinctly 
shows  the  absence  of  larger  numbers  of  pus-corpuscles  than  ought  to 
be  found  in  the  amount  of  blood  present. 

Quite  frequently  a  dulness  in  the  posterior  inferior  portions  of 
the  lung,  which  apparently  could  be  due  to  nothing  but  con- 
solidation of  the  lung  itself,  is  found  on  exploratory  puncture  to  in- 
dicate a  pleural  effusion.  In  many  cases  of  apparent  atelectasis  the 
same  thing  happens ;  and,  conversely,  the  presence  of  a  pleural  effusion 
is  often  assumed  where  exploratory  puncture  shows  that  we  have  to 
deal  with  consolidation  of  a  lung  or  with  an  old  adhesion.  The 
frequency  of  these  errors  can  only  be  appreciated  by  systematically 
practising  explorator}"  puncture  as  a  third  method  equal  in  value 
(in  most  cases)  to  the  ordinary  physical  methods;  that  is  to  say, 
it  should  be  used  not  only  in  all  distinctly  doubtful  cases,  but  in  all 
cases  that  show  the  least  variation  from  the  typical  pictm-e.  This  is 
a  perfectl}^  justifiable  procedure,  since  experience  shows  that  it  is 
quite  harmless  and  yields  prompt  results. 

Valuable  information  may  also  be  obtained  b}'  a  modification  of 
this  procedure  which  has  not  heretofore  received  nmch  attention.  It 
is  the  so-called  palpatory  pu?idwre,  "akidopeirastik,"  in  the  thoracic 
cavity.^  With  a  little  practice  the  examiner  soon  learns  to  judge 
of  the  condition  of  the  pleura  by  the  amount  of  resistance  encountered 
b}^  the  entering  cannula  and  the  ease  with  which  it  can  be  moved  to 
and  fro  in  the  thoracic  ca\dty.  If  the  resistance  is  abnormally  great, 
and  the  passage  of  the  cannula  is  accompanied  by  a  perceptible 
crunching  noise,  it  may  be  inferred  with  a  reasonable  degree  of  cer- 
tainty that  there  are  adhesions  between  the  laj^ers  of  the  pleura, 
with  atrophy  or  induration  of  the  pleural  tissue  and  cirrhotic 
changes  in  the  lung.  Since  these  pathologic  alterations  can  in  many 
cases  be  established  beyond  a  doubt  by  a  postmortem  examination, 
this  method  enables  us  to  recognize  conditions  better  than  an}-  of 
the  other  accepted  methods  of  examination. 

With  moderate  care  the  sources  of  error  which  exist  in  this  as  well 
as  in  any  other  method  can  be  reduced  to  a  minimum.  In  the  first 
place,  the  syringe  must  be  well  disinfected  and  the  needle,  which 
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should  be  twice  as  large  as  the  ordinary  hypodermic  needle,  should 
be  securely  fastened  to  the  syringe.  With  these  precautions,  if  the 
skin  is  held  firmly  between  the  fingers  so  as  to  avoid  striking  a  rib, 
and  by  taking  into  account  the  thickness  and  character  of  the  thoracic 
walls  in  regard  to  edema,  etc.,  so  as  not  to  penetrate  too  deeply  and 
injure  the  lung, — an  accident  wliich  must  of  course  be  carefully 
guarded  against,  although  it  is  not  at  all  serious, — reliable  results 
will  be  obtained  and  there  will  be  no  danger  of  the  needle  being 
broken. 

As  soon  as  the  needle  has  entered  the  thoracic  cavity  it  should  be 
ascertained  whether  it  moves  freely  and,  if  necessary,  the  instru- 
ment must  be  pushed  further  in  or  partially  withdrawn.  The  piston 
must  be  drawn  back  as  slowly  as  possible,  for,  owing  to  the  sudden 
diminution  of  the  internal  pressure,  the  outer  air,  being  under  higher 
pressure,  might  force  itself  into  the  ca\dty  at  the  junction  of  the 
syringe  and  the  needle,  especially  if  the  needle  does  not  fit  tightly  on 
the  syringe.  But  even  if  this  should  occur,  a  sufficient  quantity  of 
exudate  is  usually  obtained  for  diagnostic  purposes. 

Even  when  the  exudate  is  very  small  in  amount,  satisfactory 
results  may  be  obtained  if  the  needle  is  introduced  within  the  area 
of  dulness  obtained  by  percussion;  that  is  to  say,  above  the  lower 
border  of  dulness.  In  the  special  form  of  effusion  characterized 
by  the  abundance  of  cellular  elements  which  sink  to  the  bottom  and 
form  a  lower  layer  rich  in  morphologic  constituents  (purulent  layer) 
underneath  a  clear  serous  layer,  puncture  at  the  lower  border  of  the 
area  of  dulness  at  once  reveals  whether  there  is  any  tendency  to  sup- 
puration. 

If  there  is  any  suspicion  that  the  exudate  is  purulent, — that  is, 
when  there  is  irregular  fever  that  cannot  be  accounted  for, — the 
examiner  should  not  rest  satisfied  with  a  negative  result  obtained 
with  the  ordinary  short  needle  of  a  Pravaz  syringe,  but  should  try 
one  or  more  punctures  in  the  area  of  dulness  with  a  needle  of  double 
the  length.  By  this  procedure,  which  in  the  hands  of  a  practised 
and  careful  physician  is  perfectly  safe,  the  presence  of  a  deep  en- 
capsulated exudate  between  the  lobes  of  the  lung  may  often  be 
discovered  (see  page  893).  [Care  must  be  taken  not  to  puncture 
if  the  skin  is  the  seat  of  an  infection.  Under  these  circumstances  a 
serous  exudate  may  be  infected  by  the  entering  needle,  infected  in 
its  passage  through  the  inflamed  skin. — Ed.] 

I  cannot,  therefore,  agree  with  Frantzel  ®  that  the  value  of  ex- 
ploratory puncture  has  been  overestimated  or  that  the  sources  of 
error  in  this  method  are  more  numerous  than  in  other  methods 
of  diagnosis.  The  results  I  have  obtained  by  this  method  have 
been  uniformly  good ;  but  at  the  same  time,  I  must  not  omit  to  point 
out  that  exploratory  puncture,  like  all  other  methods  of  diagnosis, 
does  not  always  yield  direct  pathognomonic  results,  although  the 
information  gained  is  more  uniformly  positive  than  that  obtained  by 
any  other  method. 
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I  have  never  seen  any  harm  come  to  the  patient  from  the  small  wound 
occasioned  by  the  puncture,  not  even  in  cases  where  the  lung  was  touched, 
an  accident  that  cannot  always  be  avoided.  I  have  repeatedly  had  the 
opportunity  of  convincing  myself,  both  by  experiments  and  at  autopsies 
held  shortly  after  the  performance  of  an  exj^lorator}-  puncture,  that  the 
worst  result  that  can  happen  is  a  small  superficial  ecch}-mosis  which  dis- 
appears within  two  days  after  puncture  has  been  performed. 

Whenever  there  is  a  possibility  of  operating,  exploratory  puncture 
ought  to  be  resorted  to  very  early,  as  it  offers  the  most  rational  means 
of  arriving  at  a  clear  understanding  of  the  case.  I  can  remember  a 
number  of  cases  where  the  clinical  manifestations,  except  for  a 
certain  pallor  and  loss  of  strength,  pointed  merely  to  the  existence 
of  a  moderate  seroas  exudate,  and  where  exploratory  puncture  re- 
vealed the  presence  of  a  tliick  purulent  or,  in  some  cases,  even  a 
putrid  exudate.  Since  the  prognosis  in  any  operation  undoubtedly 
depends  on  its  being  performed  early,  exploratory  puncture  may  in 
such  cases  properly  be  termed  a  life-sa^^ng  and  health-preserving 
procedure. 

Exploratory  puncture  may  also  be  utilized  in  the  diagnosis  of 
malignant  tumors,  not  so  much  by  bringing  out  particles  of  the  tumor 
or  cells  of  a  typical  character,  as  by  showing  that  the  dulness  is  due 
to  the  presence  of  a  solid  body  or  that  the  exudate  contains  a  large 
amount  of  pure  blood.  [Cells  of  a  typical  character  have  been 
removed  wdth  fluid  drawTi  by  exploratory  pimcture  and  a  diagnosis 
of  carcinoma  made  thereby.  Steele  and  Girvin  had  such  good 
fortune  in  diagnosis. — Ed.] 

It  also  affords  the  most  rehable  means  of  detern:dning  whether 
a  tumor  in  the  breast-line  only  simulates  fluctuation,  as  in  soft  en- 
chondroma,  sarcoma,  multilocular  echinococcus,  or  whether  one  has 
to  deal  with  true  fluctuation,  as  in  accumulatioiLS  of  fluid  within  the 
pleura,  in  peripleuritic  abscess,  or  the  ordinary'  form  of  echinococcus. 

The  value  of  exploratory  puncture  for  the  hacteriologic  diagnosis 
hardly  needs  to  be  mentioned;  it  is  during  life  the  only  means  of 
securing  an  opportunity  to  determine  the  nature  of  the  micro-organ- 
isms contained  in  the  exudate  by  means  of  the  microscope  or  culture- 
tubes.  This  is  not  to  be  taken  as  an  admission  that  any  great  value 
is  attached  to  the  bacteriologic  diagnosis  of  pleural  exudates,  a  ques- 
tion w^hich  has  already  been  sufficiently  treated  in  the  sections  on 
Etiology  and  Diagnosis. 

The  importance  of  early  exploratory  puncture  is  shown  in  the  two 
follo^ATing  cases.  It  is  seen  by  one  of  these  cases  that  the  fluid  obtained 
by  puncture  must  be  carefully  examined  as  to  its  odor,  because  the 
exudate  may  retain  its  serous  character  even  after  putrefaction  has 
set  in  in  the  lung  and  pleura. 

Case  I. — Putrid  Pleurisy  Presenting  the  Signs  of  a  Moderately  Large 
Serous  Exudate.     Exploratory  Puncture.     Operation.     Recovery. 

A  rather  dehcate  and  very  anemic  girl,  twelve  years  of  age,  was  sud- 
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denly  taken  ill  and  for  a  week  presented  the  signs  of  a  moderately  large 
pleural  exudate  with  a  moderate  degree  of  fever  in  the  evening  and  a 
subnormal  morning  temperature,  interrupted  occasionally  by  days  of 
complete  freedom  from  fever. 

The  appetite  from  the  very  beginning  was  much  diminished  and 
there  was  marked  loss  of  strength.  Although  neither  the  size  of  the 
exudate  nor  the  character  of  the  physical  signs  was  such  as  to  indicate 
anything  but  a  serous  exudate,  an  exploratory  puncture  was  nevertheless 
decided  on  in  view  of  the  character  of  the  fever  curve  and  the  evident 
impairment  of  nutrition.  I  had  expected  to  find  a  serous  or  perhaps 
a  hemorrhagic  exudate,  but  to  my  great  surprise  I  discovered  that  the 
exudate  consisted  of  an  extraordinarily  fetid  greenish-yellow,  seropurulent 
fluid,  which  of  course  necessitated  a  radical  operation  without  further 
delay. 

At  the  operation  considerable  masses  of  offensive,  somewhat  hemor- 
rhagic purulent  material  were  evacuated,  and  within  a  few  days  a  mate- 
rial improvement  in  the  appetite  and  general  condition  took  place.  In 
spite  of  the  apparent  gravity  of  the  case,  the  lung  rapidl}^  expanded, 
and  after  ten  weeks  the  wound  was  completely  healed  and  the  normal 
function  of  the  lung  entirely  restored.  The  patient  was  permanently 
cured. 

Case  II. — Puerperal,  Multilocular  Pleurisy  with  a  Serous  Exudate 
which  in  Some  of  the  Cavities  loas  Fetid.     Operation.     Recovery. 

A  puerpera,  thirty  years  of  age,  developed  symptoms  of  pulmonary 
infarct  with  secondary  pleurisy.  The  attending  physician  made  an  ex- 
ploratory puncture  and  found  a  serous  exudate  so  that  operative  inter- 
vention appeared  unnecessary,  but  as  the  patient  within  the  next  few 
days  developed  a  very  high  temperature  with  occasional  chills,  puncture 
was  repeated,  and  again  a  serous  exudate  was  obtained,  which,  however, 
when  examined  by  the  sense  of  smell,  was  found  to  be  exceedingly  fetid. 

A  multilocular  pleurisy  was  accordingly  diagnosed  and  exploratory 
puncture  repeated  at  another  point,  where  pus  was  then  obtained.  In- 
cision was  then  determined  upon  and  a  multilocular  pleurisy,  containing 
both  serous  and  purulent,  but  uniformly  putrid  exudate  discovered. 
Complete  evacuation  of  the  pleural  cavity  was  achieved  only  after  all 
the  adhesions  had  been  broken  up  by  means  of  the  index-hnger  and  an 
elastic  catheter  introduced  through  the  operative  wound.  This  case 
also,  which  was  treated  with  iodoform,  ran  a  favorable  course  and  ter- 
minated after  twelve  weeks  in  complete  recovery,  although  the  patient's 
strength  was  much  impaired. 

Another  case,  reported  on  page  895,  in  which  there  was  an  em- 
pyema encapsulated  between  the  lobes  of  the  lung,  is  also  very  in- 
structive, both  from  a  diagnostic  point  of  view  and  as  showing  the 
importance  of  exploratory  puncture.  It  also  shows  the  importance 
of  making  a  preliminary  exploratory  puncture  at  the  point  of  incision 
before  proceeding  to  operate. 

[Radioscopy. — In  certain  conditions,  as  in  encapsulated  pleurisy 
or  in  the  presence  of  emphysema,  radioscopy  may  be  of  use  in  the 
diagnosis  of  pleurisy  with  effusion.  Owing  to  the  blurring  of  the  pic- 
ture by  the  movements  of  the  heart,  the  chest-walls,  and  the  dia- 
phragm during  respiration,  radiographs  are  less  satisfactory  in  the 
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examination  of  the  chest  tlian  tlio  fluorosco]jic  screen.  For  a  complete 
description  of  methods  and  e([uipnient  the  reader  is  referred  to  "The 
Koentgen  Rays  in  Medicine  and  Surgery,"  hy  Francis  H.  Wilhams. 
Cabot  also  devotes  an  appendix  to  the  subject  in  his  "  Physical  Diag- 
nosis of  Diseases  of  the  Chest."  In  emphysematous  subjects,  and 
when  there  is  marked  compensatory  hypertrophy  of  the  sound  lung,  it 
is  often  difficult  to  determine  the  position  of  the  heart  by  percussion, 
whereas  these  conditions  render  radioscopy  easier.  When  a  small 
effusion  is  present,  the  normal  curve  of  the  diaphragm  appears  flat- 
tened. Williams  considers  the  method  to  be  of  no  value  in  distin- 
guishing between  empyema  and  a  serous  (>ffusion.  Walsham,  on  the 
other  hand,  believes  it  is  possible  to  distinguish  between  a  serous  effu- 
sion and  empyema  by  the  greater  density  of  the  shadow  in  the  latter 
condition. — Ed.] 

6,  CLINICAL  COURSE  OF  UNCOMPLICATED  PLEURISY. 

It  is,  of  course,  impossible  to  give  a  description  of  pleurisy  appli- 
cable to  all  cases.  Some  are  violent  at  the  outset  and  yet  end  in  re- 
covery, wliile  there  are  complicated  cases  which  begin  insidiously 
and  almost  imperceptibh^  and  run  on  to  fatal  termination.  As  a 
rule,  "violent  initial  symptoms  indicate  not  only  an  unusual  irrita- 
bility, but  also  an  excessive  degree  of  irritation.  In  such  cases  the 
exudate  may  be  expected  to  accumulate  again  and  again  and  to 
attain  large  proportions  ^vitllin  a  short  time,  wdiile  in  cases  having 
an  insidious  onset,  unless  one  has  to  deal  with  a  much  debilitated  in- 
dividual, the  exudate  usually  does  not  exceed  a  moderate  amount. 

The  cases  belonging  to  the  first  category,  excluding  cases  of 
fUeuritis  acutissiina,  in  which  the  prognosis  is  unfavorable,  are  usually 
characterized  by  violent  onset  and  rapid  recovery,  whereas  those  in 
which  the  exudate  accumulates  slowly  are  apt  to  remain  stationary 
for  some  time. 

The  presence  of  a  friction  sound  over  the  entire  thorax  during 
the  initial  stage  is  not  by  any  means  the  forerunner  of  a  large  and 
diffuse  effusion,  nor  are  such  cases  always  due  to  a  latent  tuberculosis, 
since  recovery  often  takes  place  without  the  formation  of  a  fluid 
exudate.  A  friction  sound  over  the  lower  portions  of  the  chest  in  front 
is  a  comparatively  rare  initial  symptom  of  extensive  pleural  effusions ; 
hence  if  the  friction  sound  is  loud,  a  mild  rather  than  a  severe  case 
may  be  expected,  unless  tuberculosis,  pyemia,  or  carcinomatosis  lies 
at  the  bottom  of  the  trouble. 

Man}^  cases  show  a  striking  constancy  in  all  the  phenomena; 
others,  again,  are  marked  by  the  occurrence  of  frequent  relapses 
mth  very  high  fever;  in  these  the  prognosis  is  usually  very  unfavor- 
able. 

It  is  comparatively  rare  for  an  acute  pleurisy  with  rapid  increase 
of  the  exudate  and  a  rise  of  temperature  above  41°  C.  (105.8°  F.) 
to  end  fatally  with  delirium  and  acute  heart  failm'e.     Death  from 
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exhaustion  and  increasing  dyspnea  is'  much  more  common.  Not 
infrequently,  absorption,  after  proceeding  favorably  for  a  while,  is 
suddenly  interrupted,  and  many  cases  fail  to  undergo  absorption  even 
after  operative  evacuation;  the  fever,  which  may  be  moderate  with 
only  slight  evening  elevations,  as  well  as  the  physical  signs  and  the 
dyspnea,  persist.  Such  cases  are  usually  due  to  tuberculosis,  or  else 
they  eventually  end  in  tuberculosis. 

In  secondary  pleurisy,  as  defined  on  page  805,  the  ultimate  result 
usually  depends  on  the  intensity  and  extent  of  the  basal  disease 
wliich  is  the  primary  etiologic  factor.  Plemisy  comphcating  rheu- 
matism is  more  apt  to  end  favorably  than  one  depending  on  tuber- 
culosis, although  even  here  recovery  is  possible.  Even  in  carcino- 
matous pleurisy  temporary  or  partial  absorption  may  take  place 
with  the  subsidence  of  the  purely  inflammatory  manifestations. 

The  ultimate  outcome  in  putrid  or  purident  effusions,  unless 
operative  intervention  is  early  resorted  to,  as  now  generally  happens, 
depends  on  the  possibility  of  rupture  and  the  circumstances  attending 
such  an  event.  If  the  pleurisy  is  not  merely  a  symptom  of  pyemia, 
or  if  general  pyemia  does  not  take  place,  recovery  is  possible  in  various 
ways.  Even  a  long-protracted  and  extensive  serous  pleurisy  may 
eventually  end  in  complete  resorption  of  the  exudate  and  perfect 
recovery,  so  that  from  three  to  six  months  after  the  beginning  of  the 
disease  not  a  trace  remains  to  indicate  the  former  condition.  But 
in  many  cases  diminished  expansion  of  the  lower  portions  of  the 
thorax,  a  slight  dulness  on  percussion,  diminution  of  the  fremitus 
or  respiratory  murmur,  or  the  presence  of  some  variety  of  rales 
indicate  the  existence  of  certain  alterations  in  the  tissues.  The 
patient  often  retains  a  sense  of  constriction  or  feels  a  stabbing  pain 
on  A'iolent  exertion,  although  the  interference  with  the  respiratory 
mechanism  may  not  be  demonstrable  by  physical  means. 

In  the  later  stages  of  pleurisy  and  many  years  after  complete 
recovery,  so  far  as  the  function  of  the  organ  is  concerned,  a  peculiar 
sound  resembling  a  moderately  loud  vesicular  rale  may  often  be 
heard  over  the  lower  portions  of  the  thorax.  The  sound  is  constantly 
present ;  it  may  be  continuous  or  heard  only  during  inspiration  or 
expiration  and  is  not  easy  to  interpret,  as  it  may  be  equally  audible 
during  very  shallow  respiration. 

After  an  examination  of  a  number  of  cases,  and  from  the  fact 
that  it  is  constant  and  occurs  only  after  pleurisy  A\ith  effusion,  I  am 
inclined  to  attribute  the  sound  to  a  permanent  abnormality  in  the 
layers  of  the  pleura.  It  may  also  be  a  mere  bronchial  or  pulmonary 
rale  due  to  a  partial  atelectasis,  to  chronic  bronchitis,  or  to  the  pres- 
ence of  minute  bronchopneumonic  foci.  In  faA^or  of  its  being  pro- 
duced in  the  pleura  we  have,  as  above  stated,  the  localization  over 
the  lowest  portions  of  the  dorsal  surface,  the  intensity  and  uniformity 
of  the  sound,  and  the  ananmesis ;  but  in  absence  of  any  postmortem 
findings  no  definite  conclusion  can  be  arrived  at. 

Even  rupture  of  the  exudate,  either  external  or  internal,  may  be 
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followed  by  complete  recovery  quoad  junctioncm.  But  alterations 
in  the  external  form  of  the  thorax  can  be  seen  for  some  time  afterward, 
either  on  the  affected  side  alone  or  on  both  sides.  There  is  in  such 
cases  more  or  less  deformity  of  the  thorax,  a  marked  dislocation  of 
the  thoracic  and  abdominal  oigans,  emphysema,  and  some  inter- 
ference with  the  respiratory  mo\'ements. 

The  nature  of  the  disease  can  thus  often  be  determined  many  j^ears 
after  the  occurrence  of  perforation,  and  numerous  cases  which,  before 
the  era  of  the  tubercle  bacillus,  were  regarded  as  phthisis  on  account 
of  the  severity  of  the  symptoms,  and  found  their  way  into  the  statistics 
as  cases  of  recovery  from  phthisis,  unmistakably  show  by  the  presence 
of  certain  characteristic  signs  that  we  have  to  deal  with  a  case  of  com- 
plete recovery  from  empyema  after  rupture  and  not  with  pulmonary 
phthisis. 

Before  the  da^'s  of  exploratory  puncture,  when  hectic  sweats,  loss  of 
strength,  paroxysmal  attacks  of  coughing,  remittent  fever,  and  abundant 
sputum  were  wont  to  be  regarded  as  signs  of  phthisis,  diagnostic  errors 
of  this  kind  were  common. 

A  pm-ulent  exudate  may  rupture  through  a  bronchus,  or  through 
the  thoracic  wall  {empyema  necessitatis),  or  into  other  organs,  into 
the  abdominal  ca\ity,  and  into  the  intestines.  Encapsulation  of 
pus  between  the  hver  and  the  diaphragm  is  not  infrequent,  and  may 
be  due  to  direct  ruptm'e  or  to  extension  of  the  inflammatory  process 
by  continuity.  Even  in  these  cases  spontaneous  cure,  though  rare, 
is  possible.  As  a  rule,  however,  imless  the  condition  is  recognized, 
the  patient  eventual!}'  dies  after  a  period  of  continued  fever  -uith 
frequent  chills,  or  ■\\ith  symptoms  of  cUffuse  peritonitis,  gradual 
cachexia,  and  amyloid  degeneration. 

Now  that  exploratory  punctiu-e  and  timely  operative  intervention 
are  the  rule,  and  the  practice  of  irrigating  dming  the  after-treatment 
has  fallen  into  disuse,  shiinking  of  the  Imig  following  a  purulent 
exudate  Is  almost  never  observed.  In  the  case  of  serous  exudates 
it  still  occurs  in  spite  of  operative  intervention,  but  never  attains  a 
very  high  degree  unless  there  is  some  grave  disease  of  the  lung  tissue. 
The  permanent  effects  are,  as  a  rule,  Hmited  to  a  slight  fmictional 
disturbance,  a  moderate  contraction  of  the  intercostal  spaces,  and 
fixation  of  the  ribs  and  of  some  of  the  costal  articulations. 

Many  cases  end  in  'partial  or  total  adhesion  of  the  layers  of  the 
pleura  (obliteration  of  the  pleura),  which,  strange  to  say,  in  some  cases 
does  not  appear  to  occasion  any  great  inconvenience,  while  in  others 
it  is  apparently  the  only  cause  of  very  considerable  distm^bances. 
The  determining  factors  in  this  respect  still  await  explanation,  so 
that  the  diagnosis  and  prognosis  of  pleural  adhesion  are  exceedingly 
difficult.  It  appears,  however,  that  the  result  depends  less  on  the 
extent  of  the  adhesions  than  on  the  thickness  of  the  newly  formed 
connective  tissue  and  the  degree  of  already  existing  emphysema  or 
contraction  of  the  lung.     Obliteration  of  the  complementary  spaces 
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appears  to  be  followed  by  the  worst  consequences,  as  it  interferes 
greatly  with  the  movement  of  the  diaphragm. 

In  addition  to  obliteration  of  the  pleural  sac,  which  more  or  less 
interferes  with  the  efficiency  of  the  circulatory  apparatus,  and  in 
addition  to  dislocation  of  the  heart  and  interference  with  its  move- 
ments by  plastic  exudates  on  the  outer  surface  of  the  pericardium,  we 
also  have  morbid  processes  in  the  mediastinum  resulting  in  com- 
pression and  distortion  of  the  larger  vessels,  or  at  least  interference 
with  the  movement  of  their  contents  (brawny  mediastinitis  and 
mediastinopericarditis) . 

It  is  difficult  to  decide  whether  the  hypertrophy  and  dilatation  ob- 
served in  total  obliteration  of  the  pleura  are  directly  due  to  an  adhesion, 
as  there  are  cases  of  extensive  chronic  adhesion  without  any  cardiac 
alterations.  There  is  no  doubt,  however,  that  such  a  process  m  the  pleura 
may  in  various  ways  produce  circulatory  disturbances  within  the  heart, 
since  the  volumetric  changes  in  the  lung,  which  constitute  one  of  the  most 
important  factors  in  the  circulation,  largely  depend  on  the  size  of  the 
complementary  spaces  in  the  pleura,  not  to  speak  of  changes  in  the  reflex 
innervation  through  the  vagus  produced  by  any  irritation  of  the  heart  by 
the  pleura. 

Retraction  of  the  lung  is  generally  followed  by  more  or  less  ex- 
tensive bronchiectatic  changes  which  sometimes  produce  very  char- 
acteristic symptoms. 

The  formation  of  permanent  internal  or  external  'pulmonary 
-fistulas  is  of  course  very  unfavorable;  owing  to  the  profuse  suppura- 
tion they,  as  a  rule,  lead  to  general  cachexia  or  grave  renal  diseases, 
either  parenchymatous  nephritis  or  amyloid  degeneration,  within  a 
very  short  time. 

Another  unpleasant  comphcation  is  thickening  and  retraction  of 
the  covering  of  the  liver  and  obliterating  pericarditis;  I  have  seen 
the  latter  follow  immediately  upon  a  pleurisy  or  develop  some  time 
after  its  termination,  and  it  is  difficult  to  decide  whether  the  pleurisy 
is  the  cause  of  the  disease  in  the  other  serous  membranes  or  whether 
one  has  to  deal  with  a  kind  of  fibrous  diathesis. 

These  plastic  exudates  rarely  undergo  calcification.  Calcification 
is  more  apt  to  take  place  when  a  permanent  thoracic  fistula  results 
from  an  empyema  on  account  of  insufficient  expansion  of  the  lung. 

In  very  rare  cases  concretions  resembling  pulmonary  and  bronchial 
calculi  are  met  with  in  the  pleura. 

Both  tubercular  and  non-tubercular  disease  of  the  pleura  is  often 
followed  by  pulmonary  or  glandular  tuberculosis  because  the  tissues 
of  the  insufficiently  dilated  organ  afford  a  favorable  soil  for  the 
development  of  structural  disturbances  within  the  parenchyma  itsejf 
and  the  lymphatic  apparatus.  Tuberculosis  of  the  pericardium  is 
also  occasionally  met  with. 

General  or  circumscribed  emphysema  of  the  diseased  or  of  the 
healthy  lung  (volumen  pulmonum  auctum)  is  a  common  result  of  im- 
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perfect  recovory  from  pleuritic  affections.  I  liavc  seen  a  number  of 
cases  where  a  coniplet-e  soliililication  of  one  of  the  lower  lobes,  which 
was  covered  by  thick  connective-tissue  plates,  existed  side  by  side 
^vith  intense  emphysema  of  one  of  the  other  lobes,  or  of  both  lungs. 

Caries  of  the  ribs  is  comparatively  rare  even  in  cases  of  long- 
protracted  i^urulent  exudates,  as  necrosis  and  ulceration  of  the  bony 
tissue  is  prevented  by  the  ossification,  wliich  is  usual!}-  quite  exten- 
sive. 

A  complication  which  will  be  adverted  to  again  in  speaking  of  the 
progress  of  the  disease  after  operative  intervention  consists  in  certain 
congestive  -phenomena  which,  under  certain  conditions  that  are  not 
quite  understood,  declare  themselves  in  the  lung  of  the  diseased 
or  of  the  sound  side,  and  occasional]}'-  go  on  to  distinct  edema;  they 
may  even  end  fatally,  with  the  symptoms  of  acute  or  chronic  pul- 
monary edema  or  sudden  cardiac  failure. 

The  edema  which  occiu-s  either  in  the  sound  or  in  the  diseased 
lung  can  in  rare  cases  be  explained  on  the  theory  advanced  by  Cohn- 
heim  and  Welch  and  supported  by  the  results  of  their  experiments. 
The  writer  has  seen  a  number  of  cases  ^^ith  moderate  exudates  in 
which  the  theory  of  antecedent  weakening  of  the  left  ventricle  with 
normal  action  of  the  right  was  quite  inadmissible,  as  the  symptoms 
of  edema  w^re  not  preceded  or  accompanied  by  diminution  in  the 
strength  of  the  pulse  or  heart  sounds  such  as  would  indicate  a  weak- 
ening of  the  left  ventricle.  It  is  at  least  quite  certain  that  in  the 
great  majority  of  cases  observed  by  the  ^\Titer  the  accentuation  of 
the  second  pulmonar}-  sound,  characteristic  of  increased  acti-vity  of 
the  right  ventricle,  was  absent.  Besides,  edema  may  be  accom- 
panied by  appearances  of  general  cardiac  weakness,  that  is  to  say, 
a  diminution  in  the  working  capacity  of  both  ventricles. 

It  is  probable  that  edema  usually  develops  only  because  of  altera- 
tions in  the  work  of  the  protoplasm  itself,  and  is  only  secondarily  pro- 
duced b}'  disturbances  in  the  walls  of  the  pulmonary  vessels.  T^Tienever 
the  distention  of  the  vessels  produced  by  stasis  or  an  excessively  acute 
dilatation  exceeds  the  power  of  the  protoplasm  to  expedite  the  flow  of 
blood,  the  serum  escapes  from  the  distended  vessels  and  accumulates 
in  the  surrounding  lymph-spaces  in  spite  of  the  great  increase  in  the 
local  work  performed. 

Hence  the  so-called  permeability  of  the  vessel-wall  is,  in  our  opinion, 
synonymous  with,  relative  or  absolute  insufficiency  of  the  protoplasm  of 
the  organ,  as  a  result  of  which  the  chief  part  of  the  work  is  thrown  upon 
the  lymph-spaces  and  lymph-channels.  This  insufficiency  is  produced 
by  any  diminution  in  the  efficiency  of  the  expediting  powers  of  the  organ; 
in  other  words,  its  specific  cells.  Under  normal  conditions  transporta- 
tion is  effected  chiefly  in  the  blood-vessels,  and  only  to  a  moderate  extent 
in  the  lymph-channels  and  lymph-spaces ;  but  under  abnormal  conditions 
the  greater  part  of  the  work  is  at  least  temporarily  transferred  to  the 
intercellular  spaces,  and  the  excess  of  material,  owing  to  the  failure  of 
the  mechanical  process  of  drainage,  is  not  returned  to  the  blood,  but 
accumulates  in  the  reserve  spaces. 
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This  is  the  only  possible  explanation  of  the  sudden  occurrence  of 
edema  in  a  lung  which  is  expanding  after  the  evacuation  of  an  exudate, 
for  the  vessels  in  such  cases  are  not  always  diseased,  as  is  shown  by  the 
fact  that  the  edema,  although  developing  rapidly  and  at  first  assuming 
large  proportions,  very  often  disappears  altogether  in  a  short  time,  the 
function  of  the  lung  being  completely  restored.  If  there  were  really  a 
profound  lesion  of  the  vessel- wall,  such  a  rapid  restitutio  in  integrum  could 
not  take  place. 

Accordingly,  we  have  to  do  with  a  disturbance  which  is  produced  by 
relative  functional  insufficiency,  a  temporary  inability  of  the  tissues  to 
expedite  a  comparatively  large  mass  of  blood  which  is  compensated  for 
without  any  detriment  to  the  organism  as  soon  as  the  relative  engorge- 
ment has  been  diiTiinished  by  drainage  into  the  lymph-spaces. 

We  have  every  reason  to  believe  that  a  lung  which  has  for  some  time 
been  retracted  or  even  compressed  receives,  after  the  sudden  evacuation 
of  a  large  mass  of  exudate,  much  more  than  the  amount  of  blood  which 
was  circulating  during  the  period  of  compression,  and  this  blood,  of  course, 
flows  into  the  expanding  lung  as  into  the  interior  of  a  sponge,  so  that  the 
resorptive  power  of  the  tissue  and  the  facilities  for  drainage  become  in- 
adequate. 

A  flooding  of  the  uncompressed  portion  of  the  diseased  lung,  or 
even  of  the  healthy  lung,  may  of  com'se  take  place,  as  after  the  evacu- 
ation of  a  very  large  exudate  much  more  blood  can  find  its  way  to 
the  lung  than  under  normal  conditions,  the  amount  varying  wdth 
the  excess  of  pressure  within  the  thoracic  space. 

The  extent  to  which  the  sudden  removal  of  an  abnormal  pressure 
may  affect  the  circulatory  equilibrium  is  seen  when,  after  the  evacu- 
ation of  an  ascitic  fluid,  a  large  amount  of  blood  is  allowed  to  flow 
into  the  abdominal  organs  which  have  suddenly  been  released  from 
pressure,  an  event  which  is  not  rarely  followed  by  sj^mptoms  of 
cerebral  anemia  unless  certain  precautions  to  prevent  a  too  sudden 
diminution  in  the  pressure  are  observed. 

We  believe,  therefore,  that  acute  edema  of  the  lung  in  pleurisy — 
be  it  that  the  fluid  is  derived  from  the  bronchial  arteries  ancl  is  poured 
chiefly  into  the  bronchi,  or  from  the  capillaries  of  the  pulmonary 
artery  and  escapes  directly  into  the  alveoli — is  in  most  cases  to  be 
regarded  as  the  expression  of  an  acute  congestive  h5"peremia,  and 
only  in  rare  cases  as  the  expression  of  a  so-called  stasis  due  to  weak- 
ness of  the  left  ventricle,  or,  in  other  words,  as  a  venous  hyperemia 
due  to  absolute  insufficiency  of  the  blood-vessel  walls. 

Sudden  death  is  not  a  very  rare  occurrence.  It  is  brought  about 
either  by  heart  failure,  which  shows  itself  chiefly  in  a  sudden  un- 
expected enlargement  of  the  heart  dulness  to  the  right  and  symptoms 
of  intense  venous  stasis,  or  by  the  sudden  compression  or  occlusion 
of  the  aorta,  or — and  this  is  probably  a  more  frequent  cause — by 
obstruction  of  the  vena  cava  at  the  point  where  it  pierces  the  dia- 
phragm. Death  often  results  without  any  demonstrable  anatomic 
changes  in  the  organs,  and  is  immediately  preceded  by  convulsions 
like  those  chiefly  observed  in  acute  cardiac  failure  or  cerebral  anemia. 
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Death  as  the  result  of  pulmonary  embolism  or  thrombosis  is  com- 
paratively rare.  It  occurs  usually  in  patients  presenting  evident 
signs  of  cachexia  or  the  phenomena  of  cardiac  dilatation  and  cardiac 
or  other  thrombosis,  especially  thrombosis  in  the  distribution  of  the 
femoral  vein. 

Leichtenstern^  advances  a  theory,  based  on  experimental  investigation, 
that  compression  of  the  vena  cava  cannot  be  the  true  cause  of  death  be- 
cause the  vein,  which  even  after  profound  alterations  remains  permeable 
to  water,  is  not  actually  doubled  on  itself  by  the  pressure  of  the  exudate, 
but  merely  crowded  over  to  one  side. 

This  view  is  emphatically  contradicted  by  certain  experiments  per- 
formed by  the  author  (page  840),  and  it  is  to  be  remembered  that  the 
conditions  during  Ufe  are  somewhat  different  from  those  in  the  cadaver. 
Furthermore,  the  pressure  of  the  exudate  is  not  the  direct  cause  of  the 
kinking  in  the  vena  cava.  The  vein,  after  being  displaced  by  the  altera- 
tions within  the  thoracic  cavity,  is  compressed  by  a  sudden  violent  action 
of  the  descending  diaphragm,  or  by  some  other  cause,  to  such  an  extent 
that  circulation  becomes  arrested. 

In  very  rare  cases  death  from  asphyxia  appears  to  be  produced 
by  a  sudden  flooding  of  the  lung  after  rupture  of  a  purulent  exudate 
into  the  bronchi.  It  w^ould  seem  that  such  an  accident  could  occur 
only  when  rupture  takes  place  during  sleep,  and  in  such  cases  it  must 
be  assumed  that  the  fault  lies  in  abnormal  weakness  of  the  heart 
or  lungs,  not  to  speak  of  the  possibility  that  death  may  be  due  not 
only  to  the  filling  of  the  bronchi  with  pus,  but  also  to  simultaneous 
edema  of  the  lung.  The  perforation  is  rarely  so  great  as  to  permit 
large  masses  of  exudate  to  escape  at  once  and  inundate  the  bronchi. 

Rupture  into  the  xrachea,  hemorrhages  from  ulcerated  pulmonary 
pneumothorax,  diffuse  bronchitis,  and  cerebral  emboHsm  are  occa- 
sional causes  of  sudden  death. 

Among  the  sequels  of  pleurisy  are  to  be  mentioned:  General 
anemia,  continuous  or  hectic  fever  gradualh'  exhausting  the  patient 
without  marked  alterations  in  the  physical  signs  and  without  signs 
of  tuberculosis  in  the  lungs;  amyloid  degeneration  of  all  the  organs 
(this  disease  occurs,  as  a  rule,  only  after  purulent  pleurisy  with 
caseation  or  fistula  formation);  chronic  nephritis  with  general  or 
local  edema  which  may  be  due  simply  to  a  mechanical  interference 
with  the  circulation,  and  accordingly  not  accompanied  by  inflam- 
mation or  degeneration  of  the  renal  tissue;  and,  finally,  tuberculosis, 
secondary  suppurations,  and  retroperitoneal  and  intraperitoneal 
processes. 

Thrombosis  of  the  femoral  veins  (so-called  phlegmasia  alba  dolens) 
is  a  not  uncommon  and  ever  to  be  dreaded  sequel,  as  it  not  only 
retards  convalescence,  but,  by  condemning  the  patient  to  lie  on  his 
back  for  a  long  time,  also  favors  the  formation  of  atelectasis  and 
hypostatic  conditions  in  the  already  weakened  lung,  and,  by  the 
production  of  pulmonary  emboHsm,  often  becomes  the  cause  of 
sudden  death. 

56 
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X.  COMPLICATIONS. 

Many  complications  in  pleurisy  are  observed  after  operation, 
either  puncture  or  the  radical  operation,  and  will,  therefore,  be 
discussed  later.  For  the  present  I  should  like  to  call  attention  to 
the  following  points. 

According  to  what  has  been  said  of  the  general  course  of  the 
disease,  the  most  frequent  complications  consist  of  acute  and  chronic 
infiltration  of  the  lung,  thrombosis  of  the  femoral  vein,  inflammations 
and  degenerative  atrophy  of  the  thoracic  muscles,  contractures  of 
the  thoracic  muscles,  digestive  disturbances,  swelling  of  the  liver, 
congestive  phenomena  in  the  extremities,  distressing  paroxysmal 
cough,  insomnia,  edema  of  the  skin  in  places  subject  to  constant 
pressure,  especially  on  the  back,  bed-sores,  and  petechise  in  various 
portions  of  the  body. 

In  chronic  and  particularly  in  tuberculous  pleurisy  a  great  variety 
of  cutaneous  hemorrhages  are  not  infrequently  observed,  especially 
on  the  legs.  Eruptions  like  those  occurring  in  peliosis  rheumatica 
and  in  erythema  multiforme  are  also  encountered.  These  phe- 
nomena are  usually  an  indication  of  grave  disturbance  of  the  general 
nutrition,  and  materially  affect  the  prognosis. 

Changes  in  the  blood  itself  are  found  only  in  amyloid  degenera- 
tion, in  extensive  tubercular  pleurisy,  and  in  protracted  continuous 
fever.  As  a  rule,  there  is  more  or  less  pronounced  poikilocytosis  or 
slight  leucocjd^osis ;  the  percentage  of  hemoglobin  varies,  and  corre- 
sponds in  general  to  the  external  signs  of  anemia. 

A  rare  complication  is  paralysis  of  the  vocal  cords.  As  in  aneurysm 
of  the  aorta,  it  develops  on  the  left  side,  and  is  not  by  any  means 
always  due  to  the  pressure  of  the  exudate,  as  it  may  be  the  result 
of  inflammation  of  the  perineural  connective  tissue  and  compression 
of  the  nerves  by  bands  of  connective  tissue  or  swollen  lymph-glands. 

It  is  somewhat  remarkable  that  swelling  of  the  bronchial  lymph- 
glands  very  rarely  occurs  in  chronic  uncomplicated  pleurisy,  especially 
when  tuberculosis  is  excluded. 

In  addition  to  the  complication  of  chronic  tuberculosis  which, 
as  has  been  said,  occurs  both  as  the  cause  and  result  of  pleuritic 
disease,  we  also  occasionally  meet  mth  acute  miliary  tuberculosis 
in  the  course  of  a  pleuritis.  It  appears  to  be  particularly  apt  to 
develop  when  a  pleuritic  effusion  undergoes  rapid  absorption.  It 
is,  of  course,  possible  that  instead  of  resorption  of  the  exudate  being 
the  cause  of  miliary  tuberculosis,  the  sudden  absorption  of  the 
effusion  is  merely  a  sign  that  the  general  disease  has  developed  in  the 
organism  and  is  making  its  influence  felt  on  the  metallic  processes. 
If  we  accept  the  modern  doctrine  of  tuberculosis,  based  exclusively 
on  the  discoveries  and  views  of  Koch,  it  will  be  difficult  to  admit 
that  resorption  of  an  exudate  that  does  not  contain  the  specific 


DIAGNOSIS.  883 

bacilli  can  produce  miliary  tubcMTulosis.  We  must,  therefore,  assume 
that  the  bacilli  were  already  })resent  in  a  diseased  focus  of  the  com- 
pressed lung,  and  that  the  invasion  of  the  general  circulation  by  the 
organisms  and  their  propagation  are  facilitated  by  the  sudden  re- 
moval of  pressure  from  the  lung.  If  this  is  true,  puncture  in  such 
cases  would  be  absolutely  contraindicated. 

If,  however,  we  adopt  a  view  which  is  possible  ■without  doing  violence 
to  the  facts,  that  the  development  of  numerous  minute  nodules  in  the 
organism  may  be  due  to  the  action  of  other  irritants  besides  tubercle 
bacilli,  or  any  form  of  micro-organisms  within  the  vascular  channels, — 
that  is  to  say,  if  it  is  admitted  that  the  formation  of  miliary  tubercles, 
like  that  of  other  minute  inflammatory  foci,  is  not  always  the  expression 
of  a  specific  cause  like  the  tubercle  bacillus, — the  production  of  miliary 
tuberculosis  may  be  attributed  to  the  sudden  entrance  into  the  body 
of  substances  chemically  different,  or  of  other  organisms. 

The  doctrine  that  acute  miliary  tuberculosis  is  absolutely  fatal  does 
not  appear  to  me  cjuite  unassailable;  for,  aside  from  the  theoretic  po.s- 
sibility  of  the  organism,  which,  as  we  know,  can  recover  from  the  severest 
pyemic  processes,  being  able  to  survive  to  a  certain  extent  the  develop- 
ment of  minute  miliary  tubercular  foci, — in  other  words,  repair  the 
histologic  structure  after  the  irritant  has  been  overcome, — I  have  ob- 
served a  number  of  recoveries  in  cases  where  all  the  phenomena  of  the 
symptom-complex  clearly  indicated  the  existence  of  miliary  tuberculosis. 

Although  such  cases  are  nowadays  regarded  as  conclusive,  because 
they  lack  the  confirmation  of  postmortem  examination,  it  would  be  the 
height  of  skepticism  absolutely  to  deny  the  possibility  of  recover}'  from 
disseminated  tubercular  processes,  since  recover}-  from  any  general  in- 
fection or  any  infectious  disease  represents  a  regeneration  of  diffuse  dis- 
eased foci,  and  no  one  doubts  the  possibility  of  recover}-  from  local 
tuberculosis  or  of  the  conversion  of  tubercular  foci  into  connective  tissue. 
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The  rational  employment  of  exploratory  puncture  not  only  affords 
a  means  of  determining  at  once  the  existence  or  non-existence  of  an 
exudate,  but  also  secures  direct  information  as  to  the  nature  and 
amount  of  material  present. 

Hence,  if  exploratory  pimctm^e  is  methodicalh'  carried  out,  an 
error  in  diagnosis  is  possible  only  when  the  exudate  occupies  the 
base  of  the  lung  or  when  it  is  encapsulated  in  the  interior  of  the  lung 
between  two  lobes.  Even  in  the  latter  case  it  is  often  possible  to 
obtain  a  positive  result  provided  the  exudate  touches  the  surface 
at  a  single  point,  if  the  proper  kind  of  needles  are  employed,  and  the 
right  spot  is  selected  after  a  careful  consideration  of  all  the  diagnostic 
factors.  It  is  particularly  the  results  of  palpatory  exploratory 
puncture  ihat,  in  connection  with  the  physical  signs  and  the  tem- 
perature curve,  in  the  great  majority  of  cases  }-ield  positive  informa- 
tion in  regard  to  the  presence  of  plaques  or  even  of  tumors. 

Even  this  method,  however,  may  sometimes  prove  inadequate 
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to  solve  the  mystery  of  an  obscure  case,  since,  as  has  already  been 
mentioned,  diaphragmatic  pleurisy,  interlobular  pleurisy,  and  the 
complication  of  pleurisy  with  an  accumulation  of  pus  below  the 
diaphragm  present  the  greatest  diagnostic  difficulties.  It  must  not  be 
forgotten  that  a  single  symptom,  even  though  it  be  a  very  important 
one,  does  not  suffice  to  explain  the  entire  condition  of  affairs ;  nor  can 
prognosis  and  treatment  be  based  on  a  single  symptom.  It  would  be 
wrong  to  present  the  results  of  experience  in  a  few  rare  cases  of  great 
diagnostic  difficulty  as  dogmatic  principles,  as  the  clinical  material  at 
the  command  of  even  a  single  observer  constantly  grows,  and  fresh 
combinations  are  continually  encountered  that  tax  the  powers  of  the 
keenest  diagnostician.  And  it  would  be  equally  wrong  to  generalize 
from  the  results  so  obtained,  since  it  is  a  common  experience  that 
deductions  made  in  one  case  leave  one  completely  in  the  lurch  in  the 
next  one,  although  it  may  appear  to  be  in  every  respect  similar.  I 
shall,  therefore,  not  attempt  to  enumerate  all  the  conditions  that 
may  be  confounded  with  pleurisy,  confining  myself  to  the  more  im- 
portant ones,  the  more  so  since,  owing  to  the  introduction  of  ex- 
ploratory puncture,  many  of  the  earher  methods  of  diagnosis  have 
fallen  into  disuse. 

Thus  it  is  difficult,  not  to  say  impossible,  to  distinguish  a  certain 
form  of  extensive  pneumonic  infiltration  from  a  large  pleuritic  exudate 
solely  by  the  symptoms  elicited  by  physical  methods,  whereas  the 
distinction  immediately  becomes  possible  if  exploratory  puncture  is 
resorted  to.  The  diagnosis  by  means  of  physical  examination  is 
obviously  difficult  if  the  infiltration,  instead  of  yielding  the  usual 
moderate  dulness  with  an  added  tympanitic  element,  produces  an 
absolute  flatness;  if  the  breathing,  instead  of  being  bronchial,  is 
diminished  in  intensity  or  quite  inaudible,  as  in  large  fluid  exudates ; 
if  rales  are  absent,  and  the  characteristic  sputum  of  pneumonia  as 
well  as  bronchophony  and  increased  fremitus,  are  not  present.  Other 
symptoms,  such  as  insidious  onset  and  slow  progress  of  the  disease, 
absence  of  the  initial  chill,  and  distinct  enlargement  of  the  lower 
portions  of  the  thorax,  afford  a  very  uncertain  basis  for  the  diagnosis 
of  pleurisy.  Now,  however,  all  these  difficulties  are  removed  at 
once  by  exploratory  puncture. 

And,  conversely,  the  diagnosis  may  be  difficult  if  the  pleuritic 
exudate,  as  is  the  case  in  children  and  young  individuals,  or  when 
the  exudate  is  thin  and  purulent,  is  accompanied  by  loud  bronchial 
phenomena  and  considerable  increase  in  the  fremitus ;  in  such  a  case 
also  exploratory  puncture  affords  the  only  means  of  arriving  at  a 
positive  diagnosis. 

Again,  the  distinction  between  a  fluid  and  a  plastic  exudate, 
which  is  so  important  for  the  prognosis  and  treatment,  can  only  be 
arrived  at  by  the  aid  of  exploratory  puncture.  All  other  signs 
proposed  as  characteristic  of  encapsulation  and  mernbrane  formation 
are  absolutely  illusory. 

It  is  doubtful  whether  purulent  sputum  derived  from  the  pleura 
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can  always  be  readily  distinguished  from  the  contents  of  bronchiec- 
tatic  cavities  or  the  product  of  a  profuse  purulent  bronchitis.  The 
higher  the  specific  gravity  and  fat  percentage  of  the  sputum,  the 
greater  the  probabihty  in  favor  of  the  former  assumption;  but  it  must 
be  remembered  that  pleuritic  pus  may  be  very  thin,  and  bronchial 
pus,  on  the  other  hand,  become  quite  tenacious  by  inspissation.  The 
figures  given  by  various  authors  for  the  specific  gravity  of  pleural 
fluids  vary  within  very  \nde  limits;  in  tuberculosis  with  abundant 
expectoration  the  sputum  may  range  between  1010  and  1025,  and 
even  higher  figures  have  been  reported.  At  all  e^'ents,  a  simpler 
plan  than  calculating  the  percentage  of  fat  or  albumin  contained  in 
the  sputum  to  determine  whether  the  pus  is  derived  from  the  pleural 
cavity,  consists  in  making  an  exploratory  puncture  of  the  pleura 
and  thus  obtaining  the  means  of  directly  comparing  the  pleuritic 
pus  vnih  the  sputum. 

According  to  the  generally  accepted  doctrine,  hydrothorax  can 
be  confounded  only  with  a  double  exudate,  as  it  is  said  that  transu- 
dation is  always  bilateral.  The  matter  is  not  quite  so  simple,  how- 
ever, for  an  exudate  may  be  superadded  to  a  transudate,  or  vice 
versa,  and  unilateral  hydrothorax  ma}^  occur  in  many  forms  of  liver 
disease,  and  even  in  heart  disease,  if  the  venous  flow  from  one  pleural 
ca^'ity — usually  the  right  in  liver  disease — encounters  unusual  re- 
sistance. 

Chronic  myocarditis,  which  in  exceptional  cases  does  not  manifest 
itself  by  marked  general  symptoms,  is  very  often  accompanied  by 
a  right-sided,  slowly  increasing  pleuritic  effusion,  to  which  after  a 
variable  length  of  time  edema  of  the  legs,  enlargement  of  the  liver, 
and  only  much  later  a  left-sided  pleuritic  transudate  may  be  super- 
added. These  efTusions,  as  indicated  by  the  course  of  the  disease, 
are  not  to  be  classed  exclusively  in  the  category  of  pleurisy  nor  in 
that  of  hydrothorax;  for,  while  the  specific  gravity  is  exceedingly 
low,  the  fluid  is  quite  rich  in  morphologic  elements  and  fibrin  shreds, 
and  the  effusion  is  not  rarely  accompanied  by  slight  evening  elevations 
in  temperature. 

In  most  cases  the  bilateral  character  of  the  effusion,  the  acute 
development  of  dyspnea,  the  liigh  fever,  the  absence  of  cardiac  and 
pulmonary  disease  and  edema,  and,  finally,  the  result  of  explorator}' 
puncture  vnH  enable  one  easily  to  distinguish  between  hydrothorax 
and  pleurisy. 

One  of  the  surest  means  of  distinguishing  between  hydrothorax 
and  an  exudate  is  based  on  the  investigations  of  Rosenbach  and 
Pohl,^  who  found  that  even  small  amounts  of  iodin  or  its  salts,  when 
administered  by  the  mouth,  are  recovered  in  large  quantities  and 
wdthin  a  short  time  in  the  transudate,  whereas  in  exudates  only  a 
trace  is  found;  by  the  ordinary  methods  of  analysis — that  is,  T^dthout 
incineration — ^ioclin  cannot  be  demonstrated  in  an  exudate.  The 
small  amount  of  fluid  obtained  by  exploratory  punctm-e  suffices  for 
the  test  for  iodin,  and  the  rapidity  xN-ith  wliich  the  drug  is  absorbed 
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offers  a  valuable  means  of  determining  the  natm-e  of  the  fluid.  If 
the  test  (consisting,  as  is  well  known,  of  the  addition  of  fuming 
nitric  acid  and  agitation  of  the  fluid  with  chloroform)  is  negative, — 
that  is,  if  the  chloroform  at  the  bottom  of  the  tube  is  not  colored  red, 
— we  have  to  deal  mth  an  exudate;  but  if  the  test  is  positive,  even 
after  the  administration  of  small  doses,  the  presence  of  a  transudate 
is  proved.  If  only  a  trace  is  found,  it  indicates  a  complication  of 
exudate  and  transudate,  which  is  not  so  very  rare. 

It  is  often  very  difficult  to  recognize  the  complication  of  a 
pleuritic  with  a  pericardial  exudate,  especially  if  the  two  exudates 
are  not  separated  by  a  zone  of  resonance.  As  a  rule,  however,  the 
addition  of  a  pericardial  exudate  brings  about  a  sudden  aggravation 
of  the  symptoms,  so  that  suspicion  of  cardiac  disturbance  becomes 
almost  irresistible.  Dyspnea  becomes  more  severe  and  goes  on  to 
orthopnea,  the  pulse  becomes  small,  the  heart  sounds  exceedingly 
weak,  and  the  cardiac  action,  even  in  the  absence  of  demonstrable 
dislocation  or  compression  of  the  heart,  so  rapid  and  insufficient 
that  the  veins  of  the  neck  suddenly  become  dilated  or  show  continuous 
undulation.  If,  in  addition,  there  is  a  pericardial  friction  sound,  the 
diagnosis  of  complication  with  pericarditis  is  practically  estabhshed. 

Although  it  is  in  most  cases  easy  to  distinguish  the  friction  sound  of 
pleuris}'  from  all  other  similar  murmurs,  such  as  muscular  tones  and 
dry  rales,  there  are  cases  in  which,  even  wdth  the  aid  of  various  manipula- 
tions calculated  to  influence  the  production  of  the  sound,  such  as  coughing 
and  taking  deep  breaths,  it  is  difficult  to  render  the  sound  so  character- 
istic as  to  preclude  the  possibility  of  confounding  it  with  rales  which, 
on  account  of  their  tendency  to  change,  ought  to  be  readily  recognized. 
In  such  cases  repeated  examinations  will  be  necessa^3^ 

When  auscultation  is  rendered  difficult  by  the  presence  of  great 
muscular  pain,  admitting  only  of  slight  respiratory'  movements,  the 
distinction  between  ordinary  muscular  rheumatism  and  pleurisy  may 
require  the  application  of  a  moderately  strong  induced  current  to  the 
painful  areas,  the  electrodes  being  carefully  moistened.  If  the  pain  is 
due  to  muscular  rheumatism,  it  is,  as  a  rule,  much  diminished  after  one 
or  two  strong  contractions,  while  pleuritic  pain  is  not  affected  or,  if  it 
is,  becomes  aggravated.  Due  care  must,  of  course,  be  exercised  in  employ- 
ing this  method,  as  well  as  massage  of  the  painful  region,  which  is  similar 
in  its  effect,  so  as  to  spare  the  patient  unnecessary  pain. 

Abscesses  in  the  thoracic  wall  and  peripleuritic  abscesses  (see 
page  895)  cannot  always  be  distinguished  from  empyema  necessitatis. 
The  diagnosis  becomes  easy  if  the  abscess  is  distinctly  circumscribed 
and  forms  a  permanent  tumor  the  outlines  of  which  coincide  with 
the  limits  of  dulness.  If,  however,  the  dulness  extends  beyond  the 
prominence,  the  distinction  between  encapsulated  pleurisy  and 
abscess  of  the  thoracic  wall  is  difficult,  not  to  say  impossible.  [See 
''Sub-pectoral  Abscess,"  Musser,  "Trans.  Ass.  Amer.  Phys."] 

The  diagnosis  becomes  exceedingly  difficult  if  the  abscess  is 
comphcated  with  an  effusion,  or  if,  on  account  of  edema  of  the  thoracic 
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wall,  the  percussion  note  is  much  impaired.  But  even  in  such  cases 
the  striking  redness  of  the  part,  and  the  tenseness  and  sensitiveness 
of  the  tumor  usually  decide  in  favor  of  an  abscess,  as  there  is  rarely 
much  redness  or  swelling  in  empyema  necessitatis.  At  most  there  is 
a  bluish  or  bluish-red  discoloration  of  the  center  of  the  prominence, 
and  the  surface  temperature  over  the  entire  fluctuating  region,  in 
contradistinction  to  what  is  observed  in  acute  abscess,  is  not  materi- 
ally elevated. 

In  addition,  the  upper  limit  of  dulness  in  exudate  is,  as  a  rule, 
much  more  regular  in  outline  than  in  infiltrations  of  the  thoracic 
wall. 

The  fact  that  abscesses  of  the  thoracic  wall,  not  in  communication 
with  the  pleural  cavity,  do  not  affect  the  respiration,  or  at  most 
become  enlarged  and  somewhat  more  tense  during  inspiration,  is  of 
comparatively  little  diagnostic  value;  for  the  occurrnece  of  regular 
periodic  expansion  and  contraction,  synchronous  ^^•ith  respiration, 
is  comparatively  rare  even  when  there  is  an  accumulation  of  fluid 
within  the  pleural  cavitj^ 

A  more  important  sign  is  one  pointed  out  by  Wintrich/  which 
is  the  presence  of  a  circular  indurated  border  surrounding  a  depres- 
sion felt  underneath  an  abscess  in  the  thoracic  wall,  similar  to  the 
indurated  border  felt  in  inflammation  and  abscess  on  the  skull. 
This  depression,  surrounded  by  the  characteristic  indurated  border, 
does  not,  of  course,  indicate  a  perforation  in  the  bone  any  more 
than  in  the  case  of  the  skull. 

The  fact  that  a  tumor  diminishes  under  uniform  pressure  with  the 
hand,  wliich  is  regarded  as  a  positive  sign  of  abscess,  does  not  neces- 
sarily indicate  the  existence  of  a  communication  with  the  pleura, 
for  the  contents  of  a  pleural  hernia — ^that  is,  a  uniform  bulging  of  the 
pleura  without  perforation — can  be  pushed  about  in  various  directions 
by  the  application  of  considerable  force. 

This  hernial  variety  of  empj'^ema  necessitatis  is  closely  related  to 
empyema  pulsans  (see  page  896). 

Abscesses  of  the  thoracic  wall  may  exhibit  comparatively  marked 
pulsation,  and  a  pulsating  empyema  is,  I  believe,  nothing  more  than  an 
abscess  at  the  level  of,  if  not  within,  the  thoracic  wall,  which  is  formed 
when  the  intercostal  spaces  become  dilated  and  the  pleura  bulges  outward 
like  a  hernia  without  undergoing  necrosis. 

According  to  the  generally  accepted  xiev:,  empyema  necessitatis 
is  produced  only  by  necrosis  of  the  costal  pleura.  This  view,  how- 
ever, does  not  hold  in  every  case,  as  will  be  shown  by  a  case  quoted 
later  on.  It  is  very  probable  that  a  bulging  of  part  of  the  thoracic 
wall  is  much  more  frequent!}^  due  to  a  kind  of  hernial  protrusion  of 
the  }delding  costal  pleura,  made  possible  b)^  jdelding  intercostal 
spaces  and  great  width  of  the  ribs. 

As  a  necessary  consequence  of  arrosion  and  tension,  the  pleura 
eventually  undergoes  necrosis  in  these  situations  even  before  rupture 
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on  the  external  skin  takes  place.  Nevertheless  a  mere  spheric  promi- 
nence of  the  chest-wall  containing  pus  must  not  be  regarded  a  priori 
as  a  positive  sign  of  necrosis  of  the  pulmonary  pleura. 

It  is  important  to  point  out  that  in  pleurisies  of  suspected  tuber- 
cular origin  the  apex  of  the  diseased  side  is  very  frequently  found 
to  be  quite  healthy,  while  the  opposite  apex  shows  distinct  signs  of 
a  still  existing  or  former  tuberculosis,  such  as  slight  dulness,  bronchial 
breathing,  and  rales.  As  it  is  proved  b}^  many  postmortem  examina- 
tions that  the  exudate  in  tubercular  or  phthisical  processes  is  much 
more  frequently  found  on  the  sound  side,  where  the  production  of 
caseation  foci  or  tubercles  is  least  active,  a  careful  examination  of  the 
apex  on  the  apparently  healthy  side  is  earnestly  recommended  in 
all  cases  of  pleural  effusion. 

The  cause  of  this  peculiar  beha\dor  of  pulmonary  tuberculosis  and 
pleural  disease  is  not  easy  to  find.  Possibly  the  already  diseased 
lung,  ha\dng  for  some  time  been  subject  to  irritation,  is  less  capable 
of  producing  a  fluid  exudate,  or  else  the  pleura  over  the  relatively 
or  absolutely  healthy  lung  is  more  susceptible  to  certain  irritants. 

According  to  our  observation,  a  small  pleuritic  effusion,  or  an 
extensive  friction  sound  resembling  crepitant  rales  associated  with 
rusty  sputum  and  not  accompanied  by  other  local  changes,  are  among 
the  most  important  symptoms  of  miliary  tuberculosis,  especially 
when  occurring  in  very  dyspneic  and  cyanotic  indi\iduals.  Hence, 
whenever  the  dyspnea  and  cyanosis  are  out  of  all  proportion  to  the 
amount  of  the  exudate  and  the  physical  signs  generally,  and  the 
patient  shows  no  signs  of  cachexia,  miliary  tuberculosis  should  always 
be  thought  of  and  the  eye-grounds  subjected  to  a  careful  examination. 

To  recapitulate,  the  follomng  circumstances  are  in  favor  of  the 
presence  of  tuberculosis:  Plastic  pleurisy;  hereditary  predisposition; 
tubercular  disease  of  the  lung  tissue;  insidious  onset  with  grave 
anemia;  irregular,  moderate,  and  distinctly  remittent  fever  lasting  for 
some  time;  very  intense  dulness,  especially  over  the  apices,  with 
diminished  vesicular  or  indefinite  respiratory  murmur;  regular  night- 
sweats;  and,  finally,  a  practically  negative  result  from  exploratory 
puncture  when,  in  spite  of  intense  and  diffuse  dulness,  only  a  few 
drops  of  a  perfectly  clear  or  hemorrhagic  fluid  are  obtained.  The 
diagnosis  is  further  confirmed  by  a  swelling  of  the  supraclavicular 
or  cer^dcal  lymph-glands.  The  diagnosis  of  malignant  tumor  in  the 
pleura  is  based  partly  on  the  above-mentioned  symptoms  of  cachexia, 
contraction  of  the  posterior  and  lateral  portions  of  the  thorax,  the 
character  of  the  exudate  which  is  distinguished  by  an  abundance 
of  dark  brown,  liquid  blood,  fat,  degenerated  cells  or  free  fat  droplets 
visible  to  the  naked  eye  (Quincke),  and  partly  on  the  sudden  en- 
largement of  the  supraclavicular  or  axillary  lymph-glands. 

The  importance  of  determining  the  presence  of  particles  of  tumors 
in  the  fluid  by  macroscopic  and  microscopic  means  hardly  needs  to  be 
mentioned.  But  this  demonstration  is  not  without  its  difficulties, 
and  I  agree  with  A.  Fraenkel,^  who  affirms  that  only  those  particles 
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which  arc  actually  duo  to  tlio  de^cnoration  of  a  neoplasm — usually 
a  carcinoma,  since  sarcoma  does  not  ulcerate — should  be  utilized  in 
the  diagnosis. 

Unfortunately,  tumor  cells  are  not  so  characteristic  as  to  preclude 
confusion  with  nests  and  villi  of  epithelioid  cells  which  occur  in  chronic 
inflammations,  the  large  vesicular  nuclei  of  such  cells  closely  simulating 
the  nuclei  of  carcinoma  cells. 

Not  all  accumulations  of  large  polymorphous  cells,  such  as  described 
by  Ehrlich'*  as  epithelial  fatty  elements  containing  vacuoles  and  sur- 
rounded by  a  villous  border,  arc  to  be  regarded  as  derived  from  tumors; 
and  while  it  is  true  that  such  products  of  fatty  metamorphosis,  which  form 
the  chief  basis  for  the  chylous  transformation  of  the  exudate,  are  exceed- 
ingly common  in  carcinoma  and  tuberculosis  of  the  pleura,  they  are 
neither  a  positive  sign  of  malignant  disease  nor  a  pathognomonic  sign  of 
tuberculosis. 

For  this  reason  I  do  not  attach  much  diagnostic  value  to  fat  granules 
and  fat  cells  (Quincke^),  nor  to  a  chylous  condition  of  the  exudate. 
Fatty  change  is  mereh'  a  sign  of  an  unusually  rapid  degeneration  of  the 
inflammatory  products ;  in  other  words,  of  intense  irritation  of  the  tissues 
and  rapid  nutritive  disturbances. 

The  diagnosis  of  tumor  cannot,  therefore,  be  made  by  the  results 
of  an  exploratory  punctm'e,  as  true  particles  of  tumor  are  unable  to 
pass  the  narrow  needle  of  a  Pravaz  syringe.  When  large  masses  of 
fluid  are  evacuated  through  the  mde  cannula  of  a  trocar,  it  is  of 
course  possible  to  obtain  larger  particles  which  may  settle  the  diag- 
nosis. 

The  presence  of  a  tumor  is  indicated  particularly  by  the  increased 
resistance  felt  on  thiTisting  the  needle  tlirough  the  pleura,  especially 
in  the  absence  of  fever  or  cachexia  which  practically  excludes  the 
formation  of  simple  inflammatory  plastic  exudate. 

Unverricht^  observed  the  development  of  malignant  tissue  in  the 
puncture  wounds  in  many  cases  of  endotheUoma  of  the  pleura.  The 
dark  red  color  of  the  evacuated  fluid,  which,  according  to  A.  Fraenkel,^ 
presents  the  appearance  of  the  blood  as  seen  in  blood-letting,  may  deter- 
mine the  diagnosis. 

Piu-jesz^  has  expressed  himself  to  the  effect  that  the  intercostal 
spaces  in  tumor  of  the  pleura  are  not  -uidened,  but  retracted  on  the 
diseased  side ;  but  this  rule  does  not  apply  to  all  cases,  as  the  retrac- 
tion may  also  be  very  marked  in  the  presence  of  a  very  thick  plastic 
exudate,  the  product  of  chronic  inflammation  -uithout  mahgnant 
growth. 

A  detailed  description  of  echinococcus  of  the  pleura  has  been 
contributed  by  Mayclel.^  The  diagnosis  can  practically  always  be 
made  "uith  absolute  certainty  by  exploratory  puncture,  hence  all  other 
diagnostic  signs  are  of  little  importance.  The  very  possibility  of 
the  existence  of  an  echinococcus  tumor,  which  can  only  be  permanently 
and  safely  removed  by  operation,  is  an  earnest  plea  for  the  importance 
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of  exploratory  puncture,   which  must,   therefore,   be   employed  in 
any  case  that  presents  the  least  element  of  doubt. 

Neither  an  irregularity  in  the  area  of  dulness,  nor  the  ill-defined 
changes  in  the  respiratory  murmur,  nor  a  partial  bulging  of  the 
chest-wall,  nor  the  temperature,  nor  the  condition  of  the  glands, 
affords  any  positive  data  for  the  differential  diagnosis  between 
mahgnant,  incurable  tumors  and  the  relatively  benign,  because  oper- 
able, echinococcus.  If,  for  fear  of  suppuration  taking  place  in  the 
sac  after  puncture,  a  diagnosis  were  delayed  until  perforation  into  the 
lung  revealed  the  presence  of  echinococcus  vesicles  in  the  sputum, 
the  time  when  operation  offers  the  best  hope  of  success  would  be 
missed.  A  negative  exploratory  puncture  does  no  harm  to  the 
patient,  whatever  the  condition  of  the  pleura,  while  a  positive  result 
always  affords  some  information  of  value  both  for  prognosis  and  for 
treatment.  The  danger  of  suppuration  of  an  echinococcus  sac  taking 
place  after  puncture  need  not  be  considered,  since  the  finding  of 
vesicles  or  hooks,  or  a  certain  peculiar  nature  of  the  fluid  which 
is  characteristic  of  these  C3^sts,  demands  immediate  radical  operation. 

It  is  also  important  to  determine  the  seat  of  the  tumor,  since  it 
may  develop  outside  of  the  pleural  cavity,  and  may  only  simulate 
a  primary  affection  of  the  pleural  cavity  on  account  of  complication 
with  disease  of  the  pleura  or  on  account  of  displacement  of  organs. 
The  case  is  similar  to  that  of  subphrenic  and  paraphrenic  abscesses, 
and  the  same  diagnostic  signs  apply.  At  any  rate,  repeated  exploratory 
puncture  will  afford  a  certain  amount  of  information,  if  only  by 
reveahng  the  depth  to  which  it  is  necessary  to  penetrate  to  reach 
the  pus  cavity. 

[Gary  and  Lyon  *  report  a  case  of  primary  echinococcus  cyst  of 
the  pleura.  The  salient  features  of  the  case  are:  Clinical  diagnosis  of 
chronic  encysted  pleural  effusion,  based  on  the  physical  signs  and  the 
aspiration  of  an  albuminous  fluid  loaded  with  cholesterin  crystals. 
Operation.  Lung  free;  no  adhesions,  no  effusion;  removal  from  the 
pleural  cavity  of  a  mass  of  collapsed  cysts  resembling  echinococcus 
cysts.  The  cyst  walls  were  thin,  hyahne,  without  the  characteristic 
lamellation,  and  infiltrated  with  cholesterin  crystals.  The  diagnosis 
was  finally  established  by  the  finding  of  two  hooklets.  The  patient, 
a  mulatto,  thirty-one  years  of  age,  had  never  been  outside  the  United 
States.  The  termination  was  fatal.  The  number  of  cases  of  primary 
echinococcus  cysts  of  the  pleura  so  far  reported  is  41.  The  prognosis 
is  practically  fatal  unless  radical  operation  is  resorted  to.  The  31 
cases  of  primary  and  secondary  echinococcus  cysts  of  the  pleura  col- 
lected by  Neisser  all  had  a  fatal  termination.  Death  is  due  in  part  to 
purulent  changes  in  the  cysts  and  in  part  to  toxemia  induced  by  ab- 
sorption of  the  fluid  after  rupture  of  the  cysts. 

Cytodiagnosis. — Wolff  regards  a  progressive  increase  in  the  number 
of  lymphocytes,  determined  by  periodic  tapping  and  examination  of 
the  fluid,  as  indicative  of  a  tubercular  etiology.    Tuberculous  exu- 

*  Amer.  Jour.  Med.  Sci.,  October,  1900. 
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dates  at  first  contain  nioro  ]:)olynu('loar  cells,  later  the  lymphocytes 
become  more  prominent.  Acute  tuberculous  exudates  contain  poly- 
nuclear  and  epithelial  cells.  "Widal  and  other  French  writers  also 
mention  the  abnormal  increase  of  lymphocytes  in  tuberculous  cases, 
and  the  rare  presence  of  endothelial  cells  in  pleural  fluids  of  tubercular 


origm.* 

Patella,  on  the  other  hand,  denies  that  these  so-called  lymphocytes 
have  anything  in  common  with  the  blood,  and  sees  in  them  the  altered 
nuclei  of  endothelial  cells.  They  are  found  in  any  pleural  or  peri- 
toneal effusion  that  has  existed  for  some  time,  just  as,  conversely, 
endothehal  cells  are  foimd  in  all  recent  effusions,  including  tuberculous 
exudates.  Cj-todiagnosis,  if  Patella  is  right,  is  chiefly  if  not  solely  of 
use  in  determining  the  age  of  an  effusion,  and  gives  no  information  in 
regard  to  the  nature  and  etiology  of  the  morbid  process,  f 

Warthin  t  was  able  to  diagnose  sarcoma  of  the  pleura  by  means  of 
spindle  cells  found  in  the  fluid  obtained  by  aspiration.  The  diagnosis 
was  confirmed  by  autopsy.  T\^arthin  studied  the  morphologic  ele- 
ments found  in  pleural  effusions  in  various  conditions.  In  the  early 
stage  of  acute  serous  pleurisy  he  foimd  large  nimibers  of  endothelial 
cells  in  masses  and  isolated,  or  in  groups  of  two  or  three.  The  cells 
were  vacuolated.  In  the  later  stages  spindle  forms  are  abundant. 
In  acute  fibrinous  pleurisy,  in  addition  to  vacuolated  endothelial  cells, 
he  foimd  numerous  irregular  spindle-shaped  cells,  probably  fibro- 
blasts. The  sediment  in  tuberculous  cases  differed  in  no  respect  from 
that  found  in  acute  fibrinous  pleurisy.  Warthin  concludes  that  the 
presence  of  mmierous  cell-division  forms  in  the  cells  of  the  sediment  is 
strong  e^idence  of  a  neoplasm,  as  mitoses  are  rarely  found  in  the  cells 
of  purely  inflammatory  exudates. 

Klein  states  that  the  appearance  of  eosinophile  cells  in  the  exudate 
is  followed  by  their  appearance  in  the  blood,  where,  however,  they 
increase  at  a  much  more  rapid  rate.  They  are  found  in  large  numbers 
in  hemorrhagic  sputimi  and  in  the  exudate  of  tuberculous  pleurisy  and 
peritonitis.  He  believes  that  the  presence  of  eosinophiles  in  diseased 
tissues  is  the  result  of  active  hemorrhage  or  extravasation  of  blood. 
The  cells  are  originally  neutrophile  leucocytes  which  have  taken  hemo- 
globin or  red  blood-cells  into  their  bodies  and  have  thus  converted 
their  neutrophile  granules  into  eosinophiles.  They  represent  a  func- 
tion, not  a  pathologic  condition.  Petrowsky  and  Zaleski  severely 
criticize  Klein's  conclusions,  and  point  out  that,  according  to  his 
reasoning,  eosinophile  cells  should  occur  in  all  cases  of  internal  hemor- 
rhage, contusions,  fractures,  and  infantile  lobar  pneumonia,  and 
should  not  be  present  in  such  large  numbers  in  asthma.  § — Ed.] 

*  Berl.  klin.  Wochenschr.,  1001,  Xos.  5,  34,  and  45;  1902,  No.  6,  abstracted  in 
Edinburgh  Med.  Jour.,  April,  1902. 

t  Deutsche  med.  Wochenschr.,  vol.  xxviii,  No.  16,  1902. 

J  Medical  News,  October  16,  1897. 

§  "  American  Year-Book  of  Medicine,"  1900,  page  114. 
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Xn,  SPECIAL  FORMS  OF  PLEURISY. 

I.  PLEURISY  IN  CHILDREN  AND  METAPNEUMONIC  EMPYEMA. 

The  diagnosis  of  pleurisy  in  children,  which,  on  account  of  the 
alleged  peculiar  course  of  the  disease,  has  been  extensively  discussed 
by  various  authors,  does  not,  in  our  opinion,  present  any  peculiar 
difficulties  if  the  examiner  exercises  ordinary  skill  and  attention,  and 
resorts  to  the  use  of  exploratory  puncture. 

That  the  symptoms  are  usually  less  uniform — either  more  violent 
or  more  latent — in  children  than  in  adults,  that  the  pulse,  tempera- 
ture, and  respiratory  rate  exhibit  great  variations,  will  not  surprise 
the  experienced  physician  who  has  had  abundant  opportunity  to 
observe  how  differently  children  react  in  all  diseases. 

Some  authors  attach  a  good  deal  of  importance  to  a  peculiar  type 
of  breathing  in  the  pleurisy  of  children,  which,  for  my  part,  I  have 
never  been  able  to  observe.  Indeed,  the  lack  of  specific  signs  is  even 
greater  than  in  adults,  and  the  most  painstaking  general  and  physical 
examination,  complemented  by  exploratory  punctm'e,  is  necessary  to 
determine  positively  whether  any  exudate  is  present.  The  dulness 
and  dislocation  of  organs  is  often  less  pronounced  in  children  than 
in  adults,  chiefly  because  very  large  exudates  are,  as  a  rule,  only  met 
with  in  older  children  or  in  very  badly  neglected  cases.  Nevertheless 
I  have  seen  quite  extensive  serous,  and  especially  purulent,  exudates 
in  small  children. 

As  a  rule,  the  symptoms  are  such  as  to  make  it  impossible  to  dis- 
tinguish, by  physical  signs  alone,  small  exudates  from  the  ordinary 
bronchopneumonic  consolidations.  Even  in  cases  of  empyema  in 
children  loud  bronchial  breathing  is  the  rule,  and  diminished  breath 
sounds  the  exception.  The  only  condition  which  positively  ex- 
cludes any  degree  of  pleurisy  at  once  is  the  presence  of  numerous 
rales.  Friction  sounds  are  exceedingly  rare  in  small  children,  and 
it  may  here  be  pointed  out  that  very  light  percussion  must,  as  a  rule, 
be  used  in  cases  of  small  exudates  in  children  to  determine  the  limits 
of  dulness  with  accuracy  or,  in  fact,  to  obtain  any  difference  in  sound 
at  all. 

Quite  recently  attention  has  been  called  to  the  subject  of  meta- 
pneumonic empyema,  especially  in  a  work  of  Netter.^  The  condition 
occurs  most  frequently  in  children  and  young  persons,  say,  up  to 
the  fortieth  year,  and  usually,  though  not  always,  follows  a  pneu- 
monia that  has  not  ended  by  crisis. 

The  cases  often  occur  in  small  epidemics.  After  a  short  afebrile 
period  the  pleuritic  process  is  ushered  in  by  a  considerable  rise  in 
temperature.  The  exudate  under  these  circumstances  is  quite  thick 
and  contains  much  fibrin  and  numerous  pus  corpuscles.  Although 
the  exudate  is  frequently  encapsulated,  or  at  least  surrounded  by 
dense  adhesions,  perforation  into  the  lung  is  not  a  rare  event. 
Whether  there  is  a  special  disposition  on  the  part  of  the  lung  to  puru- 
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lent  disintegration,  or  whether  enipyenuis  of  this  kind  are  in  fact 
the  expression  of  a  superficial  form  of  pulmonary  abscess,  it  is  im- 
possible to  determine.  Elastic  fibers  are  only  rarely  found  in  the 
sputum,  which  in  most  cases  is  exceedingly  scant. 

The  fever  is  usually  continuous,  chills  are  rare  except  during  the 
initial  rise  in  temperature,  and  the  process  very  rarely  goes  on  to 
edema  of  the  chest-wall. 

The  mortality  in  this  form  of  empyema  is  very  low.  In  opera- 
tive cases  the  mortality,  according  to  Netter,  is  to  the  mortality  in 
emp3^ema  due  to  other  causes  as  2.3  is  to  25.  I  do  not  believe  that 
this  proportion  is  correct,  however,  since  even  in  the  ordinary  un- 
complicated form  of  empyema  the  mortality  barely  reaches  5%. 

Indeed,  it  seems  to  me  that  too  much  importance  has  been  at- 
tached to  metapneumonic  empyema  as  a  nosologic  entity,  since 
acute  inflammation  of  the  lung  is  quite  frequently  accompanied  by 
a  cellular  pleuritic  effusion  containing  an  abundance  of  fibrin  which, 
however,  hardly  deserves  the  name  of  empyema.  I  have  often 
obtained  a  few  drops  of  this  purulent  fluid  with  the  exploratory 
needle,  and  it  usually  turned  out  that  I  had  to  deal  with  an  ordinary 
and  insignificant  complication  of  pneumonia  with  fibrinous  pleurisy. 

The  cause  of  the  suppurative  process  in  all  uncomplicated  cases 
is  said  to  be  A.  Fraenkel's  pneumococcus.  It  is  to  be  remembered, 
however,  that  uncomplicated  empyema  is  rare,  and  the  exudate, 
therefore,  is  often  found  to  contain  other  pathogenic  micro-organisms. 
The  relatively  benign  character  of  metapneumonic  empyema  and  the 
empyema  of  children  has  by  some  authors  been  attributed  to  this 
difference  in  the  bacteriologic  etiology,  on  the  ground  that  the  pneu- 
mococcus is  possessed  of  exceedingly  low  powers  of  resistance. 

Lemoine^  distinguishes  between  peripneumonic  (concomitant)  and 
metapneumonic  (secondary)  pleurisy, — the  latter  preferably  attacking 
debilitated  patients, — and  assumes  that  the  former  variety,  even  when 
the  exudate  is  large,  rapidly  undergoes  involution  after  the  pneumonia 
is  cured,  Avhile  in  the  latter  variety  the  duration  of  the  disease  is  usually 
protracted. 

[Pleuritis  in  the  Newborn  Infant. — According  to  Steele,*  idio- 
pathic pleurisy  is  exceedingly  rare  in  infants.  In  addition  to  one  case 
of  his  own,  he  collected  24  from  the  literature  and  refers  to  14  collected 
by  Hervieux,  making  a  total  of  39  cases  of  idiopathic  pleurisy  in  new- 
born infants.  The  condition  is  without  exception  merely  part  of  a 
general  infection  with  common  pyogenic  micro-organisms.  The  mor- 
bid anatomy  is  that  of  septic  pleurisy;  the  exudate  may  be  fibrinous 
or  sero-fibrinous,  purulent  or  hemorrhagic.  Staphylococcus  aureus 
and  albus,  and  Streptococcus  are  the  commonest  causes.  The  svmp- 
toms  consist  of  fever  (103°  to  104°  F.— 39.4°  to  40°  C.)  with  intermis- 
sions, although  the  temperature  may  also  be  normal;  rapid  loss  of 
weight;  refusal  to  take  food;  often  icterus,  and  sometimes  purpura. 

*  Philadelphia  Med.  Jour.,  September  17,  1898. 
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Hemorrhages  occur  from  the  umbihcus,  from  the  intestines,  and  from 
the  skin.  The  cry  is  said  to  be  whimpering  or  whining  and  quite 
characteristic.  There  is  commonly  diarrhea;  vomiting  may  or  may 
not  be  a  symptom.  Death  takes  place  in  collapse  with  subnormal 
temperature.  The  physical  signs  are  vague  and  often  very  misleading. 
The  prognosis  is  extremely  bad;  a  temperature  above  102.4°  F,  (39° 
C.)  is  always  a  fatal  sign.  The  disease  occurs  in  children  of  septic 
mothers.  Infection  takes  place  chiefly  through  the  umbilical  wound, 
where  suppuration  is  difficult  to  detect.  Infection  by  the  mother's 
milk  through  the  gastro-intestinal  tract  is  at  least  possible,  as  evi- 
denced by  the  fact  that  puerperal  infection  of  the  newborn  is  fre- 
quently associated  with  gastro-enteritis.  Steele  insists  that  a  mother 
who  shows  signs  even  of  a  mild  sepsis  should  not  be  allowed  to  nurse 
her  child. — Ed.] 

2.  INTERLOBAR  PLEURISY. 

Interlobar  pleurisy,  or,  in  other  words,  the  accumulation  of  a 
serous  or  purulent  exudate  between  the  apposed  surfaces  of  two  lobes 
of  the  lung,  does  not  differ,  in  my  opinion,  from  the  other  forms  of 
encapsulated  exudates,  except  that,  as  the  dulness  does  not  spread 
out  on  the  chest-wall,  the  diagnosis  in  interlobar  pleurisy  presents 
greater  difficulties. 

The  difficulties  incident  to  operative  treatment  are  even  greater. 
In  serous  exudates  the  site  of  puncture  and  the  depth  to  which  the 
needle  must  penetrate,  in  purulent  exudates  the  proper  point  for  the 
incision  and  the  finding  of  the  pus  cavity,  are  difficult  problems.  It 
is  true  that  a  serous  interlobar  exudate  rarely  attains  such  propor- 
tions as  to  make  puncture  an  urgent  necessity.  We  may,  however, 
have  complications  of  small  interlobar  collections  of  pus  with  larger, 
freel}^  movable  serous  exudates  which  obscure  both  the  diagnosis 
and  the  effect  of  treatment,  as  the  fever  curve  is  influenced  by  both 
forms  of  inflammation. 

Laennec  himself  demonstrated  the  morbid  anatomy  of  pul- 
monary abscess  and  interlobar  pleurisy.  Various  French  authors 
Perrier,  Martinez-Mesa,  and  Pailhaus,  and  quite  recently  Potain, 
who  discusses  the  differential  diagnosis  between  interlobar  pleurisy 
and  large  cavities  in  the  lungs — have  devoted  a  good  deal  of  attention 
to  the  question. 

The  etiology  in  cases  of  this  kind  is  not  always  certain;  some- 
times they  follow  an  acute  pneumonia,  again  they  may  be  the  result 
of  small  tubercular  foci,  or  they  represent  a  renewal  of  an  old  pleuritic 
process,  as  indicated  by  the  fact  pointed  out  by  D.  Gerhardt,  that  old 
adhesions  of  the  pleura  were  found  at  the  autopsy  in  all  the  cases 
observed.  In  view  of  the  close  connection  between  this  form  of 
pleurisy  and  pulmonary  abscess,  rupture  into  the  lung  with  a  sub- 
sequent development  of  a  pneumothorax  is  at  times  to  be  expected. 
As  a  matter  of  fact,  however,  such  an  event  rarely  occurs,  and  a  great 
number  of  cases  recover  without  any  complication. 
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The  symptoms  of  encapsulated  pleurisy  resemble  those  of  pul- 
monar}^  abscess  so  closely  that  I  do  not  believe  it  is  ever  possible 
to  decide  in  vivo  whether  there  exists  a  pulmonary  abscess  accom- 
panied by  pleurisy  or  a  primary  enca})sulated  purulent  pleurisy. 
Such  a  form  of  pleurisy  should  always  be  thought  of  if  the  strength 
rapidly  begins  to  fail,  hectic  fever  and  chills  make  their  appearance, 
there  is  a  circumscribed  zone  of  dulness  surrounded  b}^  resonant 
lung  tissue,  and  the  patient  suddenly  begins  to  expectorate  abundant 
purulent  or  even  putrid  material,  an  event  which  often  marks  the 
beginning  of  recovery  or  repeats  itself  periodically  until  the  patient 
is  completely  exhausted.  But  it  is  readily  seen  that  the  above- 
mentioned  symptoms  are  ambiguous,  and  do  not  in  the  least  aid  us 
in  distinguishing  primary  pleural  disease  from  disease  of  the  lung 
tissue. 

The  fact  that  interlobar  empyema  usually  runs  a  favorable  course 
has  ledD.  Gerhardt  ^°  to  advise  delaying  operative  intervention  even 
after  the  occurrence  of  perforation.  According  to  my  experience, 
however,  it  is  best  to  perform  exploratory  puncture  as  soon  as  possible 
after  the  appearance  of  such  pleuritic  symptoms  as  make  it  possible 
to  determine  approximately  the  seat  or  direction  of  the  purulent 
focus,  and  to  make  an  incision  as  soon  as  the  presence  of  pus  has  been 
positively  determined. 

I  shall  relate  an  instructive  case  of  interlobar  empyema  in  w^hich 
these  principles  were  observed  both  in  the  diagnosis  and  in  the 
treatment.  The  therapeutic  principles  in  complications  of  pulmonary 
abscess  with  empyema  or  pleurisy  \^dll  be  given  below  in  connec- 
tion vdih.  a  very  compUcated  case  (see  page  946). 

Case  III. — Empyema  during  the  Puerperium.  Encapsulation  of  the 
Pus  in  the  Fissure  between  the  Upper  and  Lower  Lobes.  After  thoraco- 
centesis it  became  necessary  tc  open  the  cavity  by  means  of  a  puncture. 

Mrs.  X.  after  her  first  confinement  was  seized  with  chills,  and  shortly 
afterward  presented  the  symptoms  of  a  left-sided  pleuris}^  the  dulness 
extending  from  the  posterior  surface  to  the  middle  of  the  scapula,  and 
from  that  point  by  an  abrupt  descent  to  the  lateral  wall  of  the  chest. 
As  the  fever,  chills,  and  dyspnea  continued  and  the  patient  rapidly  lost 
strength,  I  was  called  in  consultation,  and  as  all  the  signs  appeared  to 
indicate  a  purulent  exudate,  I  performed  an  exploratory  puncture  in  the 
lower  portion  of  the  left  posterior  wall  of  the  thorax  without  finding  any 
pus.  A  second  puncture  below  the  angle  of  the  scapula  'oith  a  longer 
needle  yielded  thin,  odorless  pus,  about  100  c.c.  of  which  were  at  once 
evacuated  with  the  aspirator. 

As  the  patient  failed  to  improve  in  spite  of  this  interference,  radical 
operation  was  proposed  and  accepted.  The  patient  was  chloroformed  and 
another  exploratory  puncture  performed  at  the  same  place,  which  also 
yielded  pus.  Owing  to  the  peculiar  position  of  the  exudate,  which 
evidently  occupied  a  circumscribed  spot  on  the  posterior  surface  of  the 
lung  between  the  upper  and  lower  lobes,  it  Avas  necessary  to  make  the 
incision  in  a  very  unfavorable  situation  on  the  posterior  surface  of  the 
thorax  between  the  scapula  and  the  vertebral  column.     After  another 
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puncture  and  the  evacuation  of  a  small  syringeful  of  pus  the  incision 
was  made  in  the  seventh  intercostal  space,  but  no  pus  was  found  when 
the  pleura  was  opened.  Even  after  a  finger  was  introduced  no  pus  was 
found,  although  numerous  thin  adhesions  and  plastic  deposits  were 
separated. 

But  as  the  numerous  exploratory  punctures  positively  indicated  the 
presence  of  a  pus  cavity  at  a  depth  of  6  to  8  centimeters,  it  was  thought 
that  more  radical  measures  for  the  evacuation  of  the  encapsulated  exudate 
might  safely  be  resorted  to,  and,  accordingly,  a  trocar  was  inserted 
into  the  opening  under  the  guidance  of  the  finger,  whereupon  about  400 
c.c.  of  yellow,  odorless  pus  flowed  out  in  a  rapid  stream. 

After  the  operation  the  fever  disappeared  completely  and  a  com- 
paratively rapid  recovery  ensued,  although,  owing  to  the  unfavorable 
position  of  the  wound,  the  healing  was  much  comphcated  by  slipping  of 
the  drainage-tubes  and  displacement  of  the  scapula.  Ten  weeks  later 
the  patient  had  entirely  recovered  except  for  a  small  oblique  fistula 
which  closed  up  after  a  few  weeks.  There  was  no  deformity  of  the 
thorax. 

3.  PULSATING  EMPYEMA. 

Pulsating  empyema,  consisting  in  a  periodic  pulsation  of  the 
pleural  contents,  and  manifesting  itself  in  alternate  bulging  and 
flattening  of  an  entire  half,  or  of  a  circumscribed  portion  of  the  thorax, 
is  a  comparatively  rare  occurrence.  As  the  name  indicates,  the  con- 
dition only  occurs  in  purulent  exudates,  and  mostly  occupies  the 
region  where  the  anterior  surface  merges  into  the  lateral  wall,  or  the 
lateral  wall  itself.  The  condition  is  often  associated  with  empyema 
necessitatis. 

According  to  the  latest  statistics,  collected  by  J.  G.  Wilson,  a 
faint  and  always  systolic  pulsation  has  been  observed  in  a  few  cases 
on  the  posterior  wall  of  the  thorax,  and  three  times  in  the  lumbar 
region. 

Rummo  makes  a  distinction  between  pulsus  esopleuricus,  the  visible 
and  palpable  positive  pulse  of  a  pulsating  pleurisy  which  can  be  directly 
recorded  by  means  of  a  graphic  apparatus  applied  to  the  thorax,  and 
pulsus  endopleuricus,  which  can  only  be  recorded  by  connecting  the 
pleural  cavity  with  a  manometer.  The  latter  form  of  pulsation  is  said 
to  accompany  any  large,  left-sidecl  pleural  effusion. 

For  my  part,  I  do  not  believe  that  this  distinction  can  be  made  either 
theoretically  or  practically,  as  pulsus  endopleuricus  is  simply  an  initial 
stage  of  pulsus  esopleuricus,  and  both  forms  of  pulsation  may  be  pro- 
duced when  the  pleura  is  intact. 

The  area  of  pulsation,  as  a  rule,  does  not  exceed  the  size  of  the 
fist,  although  the  pulsatory  vibration  may  extend  beyond  that  limit. 
The  pulsation  is  almost  always  systolic,  that  is  to  saj^,  the  greatest 
degree  of  bulging  is  synchronous  with  cardiac  systole  and  arterial 
diastole.  During  inspiration  there  is  a  diminution  in  the  prominence, 
accompanied  usually  by  diminution  of  the  pulsatory  pressure ;  during 
expiration  the  prominence  swells,  although  these  conditions  are  some- 
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times  reversed.  Pulsations  of  this  kind  are  not  always,  as  affirmed 
by  certain  authors,  a  positive  sign  of  necrosis  of  the  costal  i)l("ura 
and  undermining  of  the  thoracic  muscles,  for  I  have  observed  them 
to  occur  also  when  the  intercostal  spaces  were  unusually  wide  and 
the  ribs  and  intercostal  muscles  abnormally  yielding  in  a  certain 
area,  permitting  a  greater  separation  of  the  ribs  and  increased  dis- 
tention of  the  soft  parts.  As  soon  as  this  relaxation  reaches  a  cer- 
tain degree  the  movement  of  the  heart  or  the  effect  of  its  contrac- 
tions, which,  under  normal  circumstances,  is  uniformly  distributed 
over  the  entire  thoracic  contents,  necessarily  makes  itself  felt  in 
the  direction  of  least  resistance,  and  the  corresponding  area  be- 
comes the  site  of  positive  centrifugal  (systolic)  or  negative  centri- 
petal (diastolic)  waves;  that  is  to  say,  a  prominence  or  a  depres- 
sion. The  systolic  distention  of  the  thorax  and  the  impulse  of  the 
accompanying  increase  in  the  movement  of  the  blood  directed  down- 
ward and  to  the  left  produces  a  centrifugal  wave,  while  the  diastolic 
increase  in  the  venous  flow  produces  a  centripetal  wave. 

The  prominence  can  be  diminished  by  pressure  with  the  hand 
whenever  there  is  marked  edema  of  the  thoracic  wall  or  a  communi- 
cation exists  between  the  thoracic  wall  and  the  pleural  ca\dty  on 
accoimt  of  necrosis  of  the  pleura.  As  a  rule,  external  pressure  merely 
diminishes  the  pulsation,  and  thus  simulates  a  diminution  of  the 
prominence.  The  movements  of  the  thoracic  wall  are  increased  in 
all  forms  of  pulsating  empyema. 

Osier  10  has  pointed  out  that  several  pulsating  tumors  may  be  present 
in  pulsating  empyema,  and  that  rupture  may  in  rare  cases  take  place 
in  the  back,  while  in  intrapleural  pulsation  rupture  occurs  only  in  the 
anterior  or  lateral  walls. 

From  the  fact  that  the  pulsation  is  removed  by  the  evacuation  of  even 
a  small  quantity  of  fluid  Bouvereti  concludes  that  pulsation  is  dependent 
on  a  certain  degree  of  tension,  a  view  which  agrees  with  what  I  have 
stated  above. 

Comby's  theory  that  the  pulsation  occurs  only  in  compression  of 
the  lung  and  when  adhesions  mth  the  pericardium  are  present, — 
that  is  to  say,  under  conditions  w^hich  allow  the  movements  of  the 
heart  to  be  directly  transmitted  to  the  pleural  fluid  and  to  the  thoracic 
wall, — does  not  appear  to  be  tenable,  as  the  retraction  of  the  lung 
is  of  minor  importance  compared  to  distention  of  the  thoracic  wall 
and  increase  of  cardiac  acti\dty. 

Osler^*^  states  in  regard  to  the  history  that  although  older  authors 
(Baillon,  LeRoy,  Pelletan)  described  tumors  pulsating  synchronously 
with  the  heart,  the  first  communication  in  reference  to  diagnosis  of 
pulsating  empyema  came  from  L.  MacDonnell,  an  assistant  of  Graves 
and  Stokes. 

That  a  pulsating  empyema  should  be  mistaken  for  an  aneurysm 
does  not  seem  possible  mth  our  present  knowledge  of  diagnosis.  In 
ambiguous  cases  any  doubt  can,  as  rightly  remarked  by  Osier,  be  at 
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once  removed  by  performing  an  exploratory  puncture  with  a  very 
small  needle. 

[Chylothorax. — Hahn  *  describes  a  case  of  chylothorax  which  re- 
sulted from  fracture  of  the  tenth  dorsal  vertebra,  caused  by  the  pas- 
sage of  a  heavy  wagon  over  the  patient's  body.  A  right  pleural  effu- 
sion, at  first  hemorrhagic  but  soon  becoming  almost  entirely  chylous, 
developed  shortly  after  the  injury.  During  a  period  of  fifteen  days 
30  liters  (quarts)  of  chylous  fluid  were  taken  from  the  pleura,  and  at 
the  autopsy  7  liters  more  were  found.  Chylothorax  may  be  said  to 
present  two  degrees  of  severity,  according  as  the  main  trunk  or  only 
branches  of  the  thoracic  duct  are  involved  in  the  injury.  Cases  be- 
longing to  the  first  group  are  necessarily  fatal;  in  the  second  group 
there  is  likeUhood  of  recovery.  The  severity  of  the  injury  is  recog- 
nized by  the  rapidity  with  which  the  exudate  is  formed. — Ed.] 

4.  PERIPLEtJRITIS. 

That  any  attempt  to  classify  clinical  symptom-complexes  from  a 
mere  anatomic  point  of  view  accomplishes  no  practical  purpose  and 
fails  to  take  due  account  of  the  logic  of  facts  is  perhaps  best  shown 
by  the  definition  of  peripleuritis. 

By  peripleuritis  (more  correctly  parapleuritis)  is  meant  a  primary 
— ^in  a  certain  sense  spontaneous — inflammation  and  suppuration  of 
the  layer  of  connective  tissue  interposed  between  the  costal  pleura 
and  the  muscular  layer  of  the  chest-wall,  the  so-called  subserous 
(subpleural)  connective  tissue.  The  secondary  inflammatory  affec- 
tions and  suppurations  in  this  region,  which,  as  is  well  known,  not 
infrequently  occur  after  traumatism,  or  as  the  result  of  disease  of  the 
ribs  or  vertebrae  and  after  pleural  affections,  must  be  strictly  dis- 
tinguished from  true  peripleuritis  or  inflammation  without  demon- 
strable cause. 

That  these  propositions  fail  to  afford  sufficient  grounds  for 
diagnosis  will  be  admitted  by  every  one,  and  hence  what  I  have  said 
in  the  second  edition  of  Eulenburg's  ''Real-Encyklopadie,"  in  the 
article  on  "  Peripleuritis,"  will,  I  think,  meet  with  general  acceptance. 

It  is  evident  that  on  the  basis  of  this  definition  the  diagnosis  of 
the  affection  intra  vitam  must  always  be  very  uncertain  on  account 
of  the  impossibility  of  excluding  the  presence  of  small,  latent  foci  in 
the  neighborhood  from  which  the  process  of  infiltration  and  suppura- 
tion might  have  spread  to  the  peripleural  connective  tissue,  as  the 
latter  is  naturally  poor  in  blood-vessels  and  of  low  vitality.  Until 
the  question  is  settled  by  an  autopsy  it  is  impossible  to  decide  between 
a  peripleuritis  in  the  strict  sense  of  the  word  and  a  mere  secondary 
peripleuritic  abscess,  a  term  which  I  prefer  to  use  to  distinguish  the 
condition  from  the  so-called  idiopathic  affection. 

This  definition  of  peripleuritis  as  an  idiopathic  disease  seems  to 
me  very  forced,  based,  as  it  is,  on  the  etiologic  factors  and  the  patho- 

*  Deutsche  med.  Wochenschr.,  June  22,  1899. 
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genesis,  and  the  diagnosis  is  further  complicated  by  the  difficulty  of 
determining  whether  an  inflammation  within  the  thoracic  wall  has 
begun  in  the  subserous  connective  tissue  and  not  in  the  muscles  or 
intramuscular  connective  tissue. 

In  an\-  case,  then,  the  difficulties  encountered  in  the  diagnosis 
of  peripleuritis  are  unquestionably  great  if  we  adhere  strictly  to  the 
above  dehnition  and  attempt  to  exclude  traumatism  or  any  other 
inciting  factor  in  the  neighboring  tissues.  As  it  is  not  of  the  least 
prognostic  importance  to  determine  w^hether  we  have  to  deal  with  a 
primary  or  secondary' disease, — since  operative  evacuation  of  the  pus 
is  necessary  in  any  case,  and  'will  therefore  clear  up  any  doubt  that 
may  exist  in  regard  to  a  possible  connection  between  the  suppuration 
and  a  primary  disease  in  the  immediate  neighborhood, — peripleuritis 
need  not  be  considered  as  an  idiopathic  disease,  and  at  most  possesses 
a  certain  interest  for  diagnostic  and  prognostic  reasons. 

Accordingly,  it  is  not  because  of  an}^  systematic  importance  of  the 
condition,  but  only  out  of  regard  for  the  men  (Wunderlich,  Bartells, 
Billroth)  who  have  attempted  to  define  peripleuritis,  that  we  give 
a  short  exposition  of  the  most  important  points  in  connection  with 
this  subject.  Omitting  for  the  present  secondar}^  pleuritis, — that 
is  to  say,  abscesses  developing  after  disease  of  neighboring  organs  or 
in  pyemia, — I  may  mention  that  the  investigations  of  the  past  de- 
cades in  actinomycosis  have  resulted  in  explaining  to  some  extent 
the  etiology  of  man}-  hitherto  obscure  cases  of  primar}^  abscess  for- 
mation. The  chronic  forms  with,  numerous  communicating  fistulse 
are  practically  always  dependent  on  actinomycosis. 

The  abscess  differs  in  ncudse  from  similar  purulent  affections  in  other 
portions  of  the  body.  It  contains  the  usual  forms  of  pyogenic  cocci 
and  granules,  and,  if  it  is  dependent  on  actinomycosis,  the  characteristic 
fungi.  Its  external  wall  is  formed  by  the  soft  parts  of  the  thorax,  the 
internal  wall  by  the  thickened  but  not  always  obliterated  pleura.  Some- 
times a  pocket  is  found  along  the  diaphragm,  and  occasionally  even  the 
thickened  peritoneum  forms  a  portion  of  the  abscess  wall  (Riegel). 
Fistulse  running  in  various  directions  and  communications  between  the 
various  parts  occm-. 

Periplemitic  inflammation  appears  to  occur  at  any  age,  and 
particularly  in  the  male  sex. 

The  disease  is  pronounced,  and  acute  cases  usually  begin  with  a 
chill;  the  subsequent  course  of  the  fever  presents  nothing  characteristic. 
Special  importance  is  attached  b}"  some  authors  to  the  continuous, 
deep-seated,  boring  pain  which  persists  even  after  the  occurrence  of 
suppuration.  Other  signs,  such  as  the  absence  of  congestion  and  of 
dislocation  of  neighboring  organs,  of  cough  and  sputum,  are  of  little 
diagnostic  value,  as  these  phenomena  are  not  always  present  even  in 
pleurisy. 

A  more  important  s^miptom  is  great  interference  with  breathing, 
which  occurs  early  as  a  result  of  the  unusualh-  severe  pains  in  a  large 
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area  of  the  thoracic  wall,  although  this  sign  also  occurs  in  pleurisy. 
Another  sign  is  a  pecuUar  circumscribed  tenderness  to  pressure  on  the 
surface  of  the  thorax  and  a  doughy  swelling  of  irregular  outline. 

As  soon  as  the  abscess  has  attained  a  certain  size  and  becomes 
perceptible  to  the  touch,  the  diagnosis  is  readily  made,  sufficient  data 
being  afforded,  on  the  one  hand,  by  the  evident  presence  of  inflam- 
mation and  bulging  of  the  outer  wall,  and,  on  the  other  hand,  by  the 
negative  findings  in  the  lung  and  pleural  cavity. 

According  to  Bartels,  the  outer  wall  of  the  abscess  grows  tense  during 
inspiration  and  relaxes  during  expiration,  a  condition  which  is  also  found 
in  large  pleural  effusions. 

The  presence  of  distinct  fluctuation  is,  generally  speaking,  more 
characteristic  of  abscess,  although  fluctuation  may  be  produced  in 
pleural  exudates  and  hydrothorax  if  the  intercostal  spaces  are  un- 
usually wide.  If  the  abscess  is  deep  and  embraces  a  large  portion  of 
the  thoracic  wall,  it  can  usually  be  distinguished  from  an  extensive 
pleurisy  by  the  fact  that  it  does  not  produce  any  dislocation  of  the 
heart  or  displacement  of  the  apex-beat;  for  whenever  a  purulent 
accumulation  in  the  pleura  is  so  great  as  to  produce  an  empyema 
necessitatis,  the  signs  of  a  dislocated  heart  are  never  absent. 

I  need  not  waste  any  words  about  the  signs  obtained  by  percussion 
and  auscultation  in  abscess,  the  movability  of  the  edges  of  the  lung, 
and  the  presence  of  resonant  normally  functionating  lung  tissue 
below  and  around  the  borders  of  the  abscess-dulness ;  these  points  in 
the  differential  cUagnosis  can,  of  course,  apply  only  to  a  free  exudate, 
whereas  an  encapsulated  empyema  in  process  of  transition  into 
empyema  necessitatis  may  display  the  same  symptoms  as  a  peri- 
pleuritic  abscess. 

Bartels  affirms  that  pus  from  the  pleura  never  exceeds  10-32  in  specific 
gravity,  while  the  specific  gravity  of  pus  from  an  abscess  is  much  higher. 
But  the  specific  gravity  of  an  empyema-pus  depends  on  the  duration  of 
the  disease  and  the  degree  of  suppuration,  and  may  under  certain  condi- 
tions exceed  the  hmit  mentioned. 

Again,  as  in  all  other  cases  of  pleural  disease,  exploratory  puncture 
and  operation  afford  the  only  means  of  arriving  at  an  earlj^  decision. 
The  depth  at  which  the  pus  is  found  gives  the  first  clue  to  the  diag- 
nosis, which  is  then  confirmed  by  the  nature  of  the  pus,  as,  for  in- 
stance, when  it  contains  the  characteristic  actinomyces  elements, 
which,  so  far  as  we  know,  have  never  been  found  in  cases  of  uncom- 
plicated empyema. 

At  all  events,  exploratory  puncture  gives  definite  information  in 
regard  to  the  presence  of  pus,  and  at  the  operation,  which  is  then 
absolutely  indicated,  the  remaining  conditions  will  be  cleared  up, 
since  they  can  be  directly  investigated  by  digital  exploration  of  the 
cavity. 

The  following  complications  (or  coordinated  manifestations)  of 
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peripleuritis  are  the  most  coniiiion:  diffuse  nephritis,  pericarditis, 
peritonitis,  pyemia,  necrosis  of  tlie  ribs,  dee])  abscesses.  Perforation 
toward  the  exterior  is,  of  course,  quite  common;  perforation  toward 
the  pleura  apparently  occurs  rarely,  because  the  layers  of  the  pleura 
become  obliterated  by  the  inflammatory  process. 

The  prognosis  is  unfavorable  in  protracted  cases  and  when  the 
abscess  is  a  concomitant  of  pyemia  or  glanders.  The  earlier  the  pus 
cavity  can  be  opened  and  the  cause  of  suppuration  removed,  the 
more  certain  is  the  prospect  of  cure.  The  extensive  abscesses  with 
accompanying  actinomycosis  are  the  most  difficult  to  cure,  but  even 
in  such  cases,  thanks  to  modern  surgery,  the  treatment  appears  to 
have  been  occasionally  successful. 

The  treatment  is  determined  by  the  conditions  of  the  individual 
case,  and  should  be  carried  out  according  to  generally  accepted 
sm-gical  principles. 


Xin.  PROGNOSIS, 

The  prognosis  in  pleurisy  appears  to  depend  in  general  less  on  the 
intensity'  of  the  local,  especially  the  initial  phenomena,  and  more  on 
the  patient's  condition,  his  power  of  reacting,  and  hereditary  dis- 
position. 

In  the  so-called  secondary,  non-rheumatic  forms  of  pleuris}^  (see 
page  803)  the  prognosis,  of  course,  depends  chiefly  on  the  basal 
disease  (inflammation  in  neighboring  organs,  pyemia,  tuberculosis). 
Nevertheless  the  local  process  in  the  pleura  in  many  cases  becomes 
so  prominent  that  the  ultimate  outcome  is  largely  determined  by  it. 
In  persons  predisposed  to  tuberculosis  apparentl}^  simple  forms  of 
rheumatic  plemisy  may  become  chronic;  in  a  distinctly  acute  pleurisy 
the  process  of  absorption  may  suddenly  become  arrested,  or  con- 
tinued remissions  and  exacerbations  of  all  the  symptoms,  especially 
the  fever,  ma}^  occur. 

I  do  not  believe  that  a  distinct  decision  in  regard  to  the  progress 
and  duration  of  the  disease  can  be  arrived  at  within  the  first  two 
weeks.  I  have  seen  a  number  of  effusions  beginning  with  intense 
d3^spnea,  fever,  and  great  cardiac  w^eakness  run  an  extraordinarily 
favorable  course;  and,  on  the  other  hand,  have  seen  cases  where 
the  exudate  was  so  shght  and  the  general  condition  so  satisfactory 
that  there  was  every  hope  of  a  speedy  resorption  eventually  tm-n 
out  ver}^  unfavorably.  Besides,  it  often  happens  that  recovery  from 
a  first  attack,  apparently  beginning  under  the  most  favorable  con- 
ditions, is  interrupted  by  a  much  more  serious  and  tedious  relapse. 

In  cases  sho\Aang  high  temperatures  in  the  third  week,  in  those 
which  during  this  time  or  even  earlier  present  hectic  fever  or  a  striking 
morning  remission,  in  cases  in  which  an  inverse  type  of  temperature 
or  irregular  fever  makes  its  appearance  toward  the  end  or  beginning 
of  the  third  week,  and,  finally,  in  cases  beginning  at  once  with  profuse 
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sweating  without  distinct  lowering  of  the  temperature,  the  prognosis 
should  be  extremely  guarded. 

Unless  there  is  active  absorption  in  the  beginning  or  toward  the 
end  of  the  third  week,  the  prognosis  as  regards  complete  recovery 
should  be  distinctly  more  unfavorable,  not  only  because  the  exudate, 
on  account  of  its  extent,  makes  resorption  difficult, — since  the  amount 
of  fluid  can  be  reduced  to  any  desired  volume  by  means  of  tapping, 
— but  because  the  delayed  appearance  of  resorption  indicates  that  the 
inflammatory  irritation  is  abnormally  great,  the  vital  energy  dis- 
tinctly impaired,  or  that  there  is  a  permanent  weakness  on  the  part 
of  the  tissues  which  cannot  be  removed  by  the  mere  relief  incident 
to  mechanical  evacuation  of  the  exudate  any  more  than  the  disturb- 
ances in  the  liver  tissue  due  to  cirrhosis  can  be  relieved  by  evacuating 
an  ascitic  fluid.  In  fact,  we  have  in  such  cases  to  deal  with  the 
above-mentioned  combination  of  pleurisy  with  hydrothorax,  or,  as 
I  prefer  to  put  it,  the  combination  of  a  maximal  chemical  irritation 
of  the  tissue  with  a  considerable  permanent  impairment  of  the  mechan- 
ical power  of  transporting  lymph  and  blood. 

Whenever  the  abnormal  irritant,  be  it  the  exudate  or  the  organic 
causes  of  inflammation  (bacteria  and  their  products),  or  even  some  un- 
known agent,  ceases  to  exert  its  influence  and  the  activity  of  the  tissue 
becomes  available  for  the  normal,  mechanical  part  of  their  work, — that 
of  transportation, — the  kind  of  work  performed  undergoes  a  change, 
and  the  external  work,  that  of  transferring  the  products  of  tissue  activity 
to  the  blood,  is  again  fully  resumed. 

In  double  pleurisy,  in  chylous  effusions  due  to  an  extreme  degree 
of  fatty  degeneration  of  the  contained  cellular  masses,  and  in  hemor- 
rhagic forms  the  prognosis  is  always  extremely  doubtful,  because 
there  is  in  such  cases  either  a  great  primary  impairment  of  the  organ- 
ism, a  fatal  constitutional  etiologic  factor  such  as  carcinoma  and 
tuberculosis,  or  else  the  irritation  is  abnormally  great. 

An  exception  is  the  double  serous  pleurisy  occurring  in  the  course 
of  articular  rheumatism  and  during  the  puerperium.  In  this  form 
the  prognosis  is  not  always  absolutely  unfavorable,  providing  the 
exudate  is  not  excessive  and  the  patient  was  in  fairly  good  condition 
before  the  attack,  and  no  complications  make  their  appearance. 
Under  favorable  conditions  I  have  seen  a  number  of  cases  of  double 
pleurisy  and  pericarditis  get  well,  especially  when  the  size  of  the 
exudate  was  greater  on  one  side  than  on  the  other.  Hence  the 
prognosis,  especially  in  a  serous  effusion,  is  not  directly  dependent  on 
the  size  of  the  exudate,  but  rather  on  certain  local  conditions  the 
importance  and  nature  of  which  are  not  as  yet  accurately  known. 

Spontaneous  rupture  of  an  empyema  always  has  an  unfavorable 
effect  on  the  prognosis  so  far  as  complete  recovery  is  concerned, 
partly  on  account  of  the  possibility  of  pneumothorax  or  putrefaction 
setting  in,  and  partly  because,  in  spite  of  the  evacuation  of  large 
masses  of  pus,  the  exudate  continually  tends  to  reaccumulate  on 
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account  of  obstruction  of  the  sinus.  In  view  of  the  excellent  results 
obtained  by  early  operation  in  empyema,  an  accident  like  rupture 
through  the  bronchi  or  the  chest-wall  ought  not  to  take  place  if  all 
the  various  methods  of  diagnosis,  particularly  exploratory  puncture, 
are  employed  and  pro})erl}'  carried  out.  The  nature  of  an  exudate 
can  now  be  determined  a  very  few  days  after  the  beginning  of  the 
disease,  and  in  any  case  of  purulent  exudate,  unless  the  amount  of 
fluid  is  exceedingly  small,  inmiediate  operation  is,  in  my  opinion, 
indicated. 

The  percentage  of  albumin,  fat,  salts,  globulin,  and  peptone  contained 
in  the  exudate  has  been  utilized  by  some  authors  in  the  diagnosis  and 
prognosis;  according  to  Bernheim,^  for  instance,  a  low  percentage  of 
albumin  in  the  exudate  indicates  that  the  course  will  be  protracted.  It 
does  not  appear  to  me,  however,  that  these  laborious  studies  have  led 
to  any  satisfactory  results. 

If  an  exudate  containing  few  cellular  elements  should  rapidly 
begin  to  reaccumulate  after  it  has  been  evacuated,  say,  at  the  end 
of  the  second  week,  the  prospects  of  resorption  taking  place  are, 
as  has  been  said,  not  very  favorable ;  they  are  distinctly  unfavorable 
if  a  second  puncture  is  followed  by  the  same  unsatisfactory  result. 

If  an  exudate  contains  abundant  cellular  elements  and  is  accom- 
panied by  high,  continued  fever,  the  prognosis  in  regard  to  rapid 
resorption  is  rather  unfavorable.  At  best,  the  cUsease  may  be  ex- 
pected to  last  many  weeks. 

It  is  to  be  observed  that  an  exudate  containing  abundant  cellular 
elements  has  not  by  any  means  the  same  significance  as  a  purulent 
exudate,  for  spontaneous  resorption  may  occur  even  when  the  cel- 
lular elements  are  exceedingly  numerous,  while  purulent  exudates 
very  rarely  heal  by  absorption.  Hence  an  abundance  of  cells  is  not 
identical  with  pus  formation. 

My  experience  will  not  allow  me  to  admit  that  the  great  advance 
in  bacteriologic  examination  of  the  exudate  during  the  past  decades 
has  added  any  material  data  for  the  clinical  interpretation  and 
management  of  a  case,  either  as  regards  the  prognosis  or  the  treat- 
ment. The  mere  presence  of  A.  Fraenkel's  pneumococcus  is  not 
enough  to  induce  me  to  give  a  favorable  prognosis,  or  to  prophesy 
spontaneous  cure,  any  more  than  the  presence  of  several  forms  of 
pyogenic  organisms  necessarily  renders  the  prognosis  absolutely  bad, 
since  even  the  most  complicated  forms  of  empyema  are  often  rapidly 
cured  hj  racUcal  operations.  [Tliis  is  not  borne  out  by  the  experience 
of  American  physicians.  For  them  a  pneumococcus  empyema  is  of 
good  prognostic  import. — Ed.] 

The  absence  of  all  bacteria  from  a  purulent  exudate  is  not  by 
any  means  a  certain  sign  of  its  tuberculous  nature,  as  many  authors 
affirm,  nor  can  tuberculosis  be  excluded  when  the  tubercle  bacillus 
is  absent,  as  I  have  alreadj^  explained. 

Sacaze  ^  affirms  that  a  positive  finding  of  streptococci  always  excludes 
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the  presence  of  tubercle  bacilli,  but  even  he  concludes  that  the  presence 
of  streptococci  is  by  no  means  a  safe  criterion  of  the  extent  of  the  purulent 
process. 

One  should  never  be  betrayed  into  giving  an  unfavorable  prog- 
nosis in  the  case  of  pleurisy  on  account  of  alterations  in  the  respiratory 
murmur  over  the  apex  of  the  diseased  lung,  such  as  occur  in  mild 
apical  affections.  After  observations  extending  over  many  years  I 
have  con\dnced  myself  that  in  many  cases  the  upper  portion  of  a 
lung  affected  with  pleurisy  may  for  a  long  time  present  alterations 
in  the  respiratory  murmur  which  are  due  solely  to  deficient  respira- 
tory movements  and  not  to  any  tuberculous  disturbances  in  the  lung 
itself.  A  mere  diminution  of  the  respiratory  murmur,  or  a  slight 
dulness  indicating  a  diminution  in  the  amount  of  air  contained  in 
the  less  active  lung,  is  no  proof  of  the  existence  of  apical  disease 
under  such  circumstances,  nor  is  a  faint  tympanitic  element  in  the 
note  in  the  supraclavicular  or  infraclavicular  fossa  of  the  slightest 
significance  as  long  as  any  signs  of  pleurisy  remain  and  the  respira- 
tory excursions  are  deficient.  Even  the  presence  of  a  few  isolated 
rales  or  a  slight  roughening  of  the  respiration  is  of  little  significance 
under  the  circumstances  imless  the  sputum,  which  in  such  cases  must 
always  be  carefully  examined,  indicates  gross  disease  of  the  lung. 

As  the  determination  of  the  slightest  tubercular  changes  in  the 
lungs  complicating  a  pleurisy  is  of  the  utmost  importance,  it  might 
be  well  to  point  out  a  few  of  the  sources  of  error  to  be  avoided  in 
examining  the  sputum  or  other  pathologic  products  for  tubercle 
bacilli,  especially  the  errors  due  to  accidental  contamination  of  the 
preparations.  When  we  first  began  to  examine  for  tubercle  bacilli,  I 
was  struck  by  the  fact  that  I  occasionally  found  a  few  isolated  bacilli 
in  one  or  two  preparations  where,  according  to  mj''  opinion,  tubercu- 
losis could  be  positively  excluded;  and  when  I  once  found  a  nest  of 
bacilli  in  an  undoubted  case  of  simple  bronchial  catarrh,  I  came  to 
the  conclusion  that  I  had  to  deal  with  some  accidental  contamina- 
tion. It  was  not  long  before  I  succeeded  in  discovering  two  frequent 
sources  of  error,  one  of  which  is  the  use  of  slides  and  cover-slips  that 
have  already  been  used  in  preparing  specimens  of  tuberculous  sputum ; 
the  other,  the  use  of  the  same  staining  fluid  when  the  method  of 
staining  in  glass  dishes  is  employed.  In  the  former  case  the  bacilli 
adhered  to  the  glass,  as  I  found  by  a  careful  inspection  of  apparently 
well-cleansed  slides ;  in  the  other,  the  tubercle  bacilli  are  contained  in 
the  staining  fluid  used  for  former  preparations  of  tubercular  sputum, 
and  are  deposited  with  the  staining  fluid  on  fresh  specimens. 
Since  I  made  this  discovery  I  have  adopted  the  rule:  First,  to  use 
only  absolutely  new  slides  in  preparing  specimens;  and,  second,  never 
to  stain  in  glass  dishes,  but  instead  to  drop  the  staining  fluid  directly 
from  the  bottle  on  the  microscopic  slide  after  the  specimen  has  been 
spread  out  and  dried.  The  specimen  should  always  be  rinsed  under 
the  spigot  or  with  a  water-bottle,  never  in  a  staining  dish. 
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Even  when  all  these  precautions  are  observed  it  should  be  a  rule 
never  to  attach  too  much  importance  to  the  finding  of  isolated  bacilli, 
especially  if  they  are  only  found  in  one  out  of  a  large  number  of  specimens 
examined.  Of  course,  when  sections  of  tissue  are  examined  the  finding 
of  even  a  single  bacillus,  providing  it  is  actually  embedded  in  the  tissue, 
is  a  very  different  matter. 

The  sputum-cups  themselves  may  become  the  sources  of  contami- 
nation whenever  they  are  not  cleansed  with  scrupulous  care.  Small 
particles  of  sputum  frequently  adhere  to  the  sides  of  the  vessel,  as  I 
have  often  convinced  myself,  and  may  thus  become  soiu'ccs  of  error  if 
the  same  vessel  is  subsequently  used  by  a  non-tuberculous  patient. 

That  the  same  sources  of  error  are  to  be  carefullj^  guarded  against 
in  the  examination  of  any  other  secretion  such  as  an  exudate  needs 
only  to  be  mentioned. 


XIV,  TREATMENT. 

''Tremendous  advances  have  been  made  during  the  past  ten 
years  in  the  treatment  of  serous  pleuris}'',  as  has  already  been  men- 
tioned, especiall}^  by  the  introduction  of  the  sensible  practice  of  re- 
moving the  exudate  by  means  of  thoracocentesis,  and  in  this  way 
guarding  against  a  long  series  of  sequels  such  as  organization  of  the 
exudate,  shrinking  of  the  lung,  and  compression  of  neighboring 
organs. 

"As  soon  as  the  somewhat  exaggerated  zeal  to  remove  serous 
exudates,  by  means  of  puncture  shall  have  abated,  the  surgical  treat- 
ment of  pleural  exudates,  performed  according  to  strict  indications, 
will  rank  as  one  of  the  highest  achievements  of  our  time,*  as  is  shown 
by  the  various  publications  and  numerous  statistics  of  Tulschek,  Kuss- 
maul,  Bartels,  Ewald,  Frantzel,  Oeri,  Konig,  and  many  others." 

The  above  statements,  which  I  made  in  Eulenburg's  "  Real- 
Encyklopadie, "  2d  edition,  have  been  fully  confirmed  by  the  sub- 
sequent course  of  events.  Since  experience  has  taught  us  to  estimate 
puncture  follow^ed  by  aspiration,  which  as  a  rule  acts  only  sympto- 
matically,  at  its  true  value,  and  strict  indications  for  the  evacuation  of 
an  exudate  have  been  formulated,  the  results  of  operative  treatment 
in  all  forms  of  effusions  have  become  exceedingly  satisfactory.  The 
more  we  refrain  from  polyphragmasia  and  avoid  useless  puncture 
and  frequent  irrigations,  the  more  favorable  are  the  results  obtained. 

Whether  the  favorable  results  obtained  in  the  operative  treatment, 
especially  of  empyema,  may  not  be  partly  due  to  the  circumstance  that 
the  disposition  of  men  for  the  so-called  traumatic  diseases  has  diminished 

*  Half  a  century  ago  the  operation  was  in  ill  repute.  Even  the  well-known 
surgeon  Du  Puytren  does  not  appear  to  have  seen  any  good  results  following  oper- 
ative treatment  of  pleural  exudates.  It  is  said  that  when  he  himself  was  suffering 
from  a  bad  case  of  pleurisy  he  refused  operation,  with  the  remark  that  he  would 
rather  die  by  the  hand  of  God  than  by  that  of  the  operator.  As  every  one  knows, 
this  illness  had  a  fatal  termination. 
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during  the  past  decades,  with  a  corresponding  rise  in  the  disposition 
for  certain  internal  diseases,  such  as  tuberculosis,  diphtheria,  cardiac 
disease,  etc.,  and  a  time  may  come  when  these  brilliant  results — which 
ought  to  be  attributed  less  to  the  use  of  antisepsis  than  to  that  of  asepsis, 
the  method  adopted  by  nature  herself  in  effecting  a  cure-^can  no  longer 
be  obtained,  it  would  be  difficult  to  decide. 

The  history  of  medicine  shows  that  what  we  regard  as  the  result 
of  treatment  is  always  more  or  less  the  general  product  of  factors  whose 
influence  is  modified  by  anything  that  we  may  do  only  in  a  very  slight 
degree,  and  in  those  rare  cases  in  which  we  early  recognize  the  direction 
and  magnitude  of  these  natural  tendencies.* 


t.  MEDICINAL  TREATMENT. 

A  certain  advance  in  the  medicinal  treatment  of  pleurisy  is  found 
in  the  employment  of  the  salicylates,  which  have  been  warmly  recom- 
mended, especially  by  Aufrecht,  Fiedler,  Dock,  and  others.  Recent 
cases,  especially  such  as  are  accompanied  by  high  fever,  appear  to 
be  favorably  influenced,  according  to  my  own  experience,  if  they 
are  treated  early — if  possible,  at  the  very  beginning  of  the  disease — 
with  large  doses  of  sodium  salicylate.  On  the  other  hand,  the  remedy 
is  absolutely  valueless  in  the  torpid,  anemic,  and  protracted  forms. 
It  is  not  efficient  if  given  after  the  exudate  has  become  stationary ;  or 
at  best  its  favorable  effect  does  not  make  itself  felt  as  promptly  as 
in  other  cases.  The  drug  during  the  first  few  days  must  be  given 
in  doses  of  4.0  (5j)  to  8.0  (oij)  per  diem,  the  dose  being  reduced  as 
improvement  takes  place. 

A  justification  for  the  use  of  the  salicylates  in  pleurisy  is  found  in 
the  investigations  of  Rosenbach  ^  and  Pohl,  who  found  that  the  deriva- 
tives of  salicylic  acid  after  internal  administration  always  find  their 
way  into  the  fluid  contents  of  the  pleura,  be  they  exudative  or  drop- 
sical, whereas  the  iodids  appear  only  in  transudates  (due  to  stasis)  and 
never  in  exudates,  at  least  in  doses  that  fall  ^\dthin  therapeutic  limits. 

By  this  I  do  not  mean  to  say  that  the  iodids,  which  have  a  distinct 
antiphlogistic  value,  should  be  abandoned;  I  merely  wish  to  define 
the  special  indications  for  the  two  remedies  by  pointing  out  that  the 
salicylates  are  peculiarly  adapted  to  recent  cases,because  they  traverse 
the  tissue-channels  rapidly,  while  the  iodids,  which  are  arrested  in 
the  vessels  or  in  the  cells,  exert  a  more  intense  local  effect,  and  are, 
therefore,  most  to  be  recommended  in  cases  of  delayed  resorption.  In 
protracted  cases  and  when  the  digestive  disturbance  or  anemia  are 
not  pronounced,  the  preparations  of  iodin,  including  iodid  of  iron, 
exert  a  distinctly  favorable  influence.  Even  free  iodin  may  possess 
some  value.  It  has  been  especially  recommended  by  G.  I.  C.  Miiller 
as  a  particularlj^  effective  agent  in  the  form  of  the  tincture  of  iodin, 
given  in  doses  of  3  to  5  drops  diluted  in  50.0  (about  f.^iss)  of  pure 
water. 

*  See  O.  Rosenbach,  "  Die  Entstehung  und  die  hygienische  Behandlung  der 
Bleichsucht,"  Leipzig,  1893,  pp.  6  et  seq. 
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I  should,  thoroforc,  roconiniond  the  use  of  iodids  only  in  the 
later  stages  and  in  febrilo  cases,  in  doses  of  about  \  to  1.0  gm.  (gr. 
viij  to  xv)  per  diem.  Iodoform  (in  pills  of  0.02 — ^gr.  ^ — each)  and 
iodid  of  iron  (0.02  to  0.05 — gr.  ^  to  f )  in  combination  with  small 
doses  of  arsenious  acid  (1  to  2  mg. — gr.  -^-^  to  -^^ — given  three  or  four 
times  a  day)  or  mineral  watei-s  containing  arsenic  (such  as  Roncegno, 
LeNico,  etc.),  appear  to  be  of  some  value  in  hastening  resorption. 

Digitalis  in  the  form  of  the  stronger  infusion  is  recommended  not  as 
a  diuretic,  since  it  has  a  diuretic  effect  only  in  cardiac  weakness  and 
when  vagus  innervation  is  deficient,  but  as  a  heart  tonic  whenever  the 
signs  of  tliis  form  of  cardiac  weakness  due  to  parah'sis  of  the  vagus, 
particularly  a  small  and  frequent  pulse,  can  be  demonstrated. 
In  the  acute  febrile  stage  an  infusion  of  digitalis  (1.5  :  150.0)  may  be 
given  with  great  ad\'antage. 

The  caffein  preparations  I  prefer  to  reserve  for  the  later  stages 
where  the  diminution  in  the  cardiac  acti\dty  is  not  due  to  paralysis 
of  the  vagus,  but  to  insufficient  filling  of  the  ca^'ities  on  account  of 
muscular  weakness;  that  is  to  sa}'',  true  m3'asthenia  (not  mj'atonia). 
In  these  conditions  the  double  salts  of  caffein  (caffein  and  sodium 
benzoate  or  salicylate)  in  solution  or  in  powder  three  to  four  times 
a  day  (0.1  to  0.2 — gr.  1^  to  3)  are  appropriate.  Subcutaneous 
injections  of  caffein  (2.0  to  10.0  of  distilled  water),  one  Pravaz 
syringeful  two  to  three  times  a  da}^,  have  also  been  recommended. 

The  so-called  diuretic  remedies,  ^^dth  the  exception  of  digitalis 
and  caffein,  wliich  I  do  not  include  among  true  diuretics,  in  reality 
ha^^e  no  direct  influence  whatever  on  diuresis ;  and  even  if  very  large 
doses  may  appear  to  have  such  an  influence,  they  would  nevertheless 
have  no  effect  whatever  on  the  absorption  of  pleuritic  exudates, 
since  neither  the  excretion  of  exudates  (not  transudates)  into  the 
serous  canity  nor  their  absorption  has  any  recognizable  causal  connec- 
tion with  the  excretion  of  water  from  the  kidneys,  intestine,  or  skin. 

The  stoppage  in  diuresis  and  diaphoresis  which  usually  accom- 
panies a  large  exudate  is  not  due  to  any  insufficiency  (paralysis)  of 
the  kidneys  or  glands  of  the  skin,  but  solely  to  the  fact  that,  owing 
to  the  mechanical  obstruction  to  the  circulation,  the  excretory  organs 
which  in  themselves  are  capable  of  working  are  not  supplied  with  a 
sufficient  amount  of  nutrition  to  enable  them  to  work. 

The  fact  that  in  severe  cases  of  plem-isy  the  exudate  continues  to 
increase  in  spite  of  profuse  sweating  is  a  better  proof  than  any  the- 
oretic considerations  that  the  loss  of  water  incident  to  sweat- 
production  is  not  always  necessarily  inimical  to  the  secretion  of 
water  in  the  pleural  ca\'ity,  though  it  is  true  that  in  many  cases  the 
accumulation  of  an  exudate  is  associated  with  striking  dryness  and 
feverishness  of  the  skin. 

Sweat  secretion  is  a  purely  regulative  process,  associated  with 
fever  but  bearing  no  recognizable  relation  to  the  formation  of  an 
exudate.  In  any  event  the  amount  of  water  in  the  body  would 
have  to  be  reduced  to  a  minimum  by  unjustifiable  measures  before 
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this  hypothetic  and  impossible  desiccation  of  the  body  would  exert 
any  influence  on  the  processes  going  on  in  the  inflamed  pleural  cavity, 
where  the  inflammatory  irritants  are  greater  than  in  any  other  part 
of  the  body  and  therefore  lead  to  chemical  combination  and  exudation 
of  water. 

The  diuretics  and  digitalis  owe  their  reputation  of  assisting  the  ab- 
sorption of  fluid  effusions  solely  to  their  undeniable  efficiency  in  all 
forms  of  stasis  due  to  heart  weakness,  that  is  to  say,  any  universal  transu- 
dation; but  we  are  not  justified  in  regarding  these  conditions  of  mechanical 
stasis  as  equivalent  with  accumulations  of  fluid  due  to  inflammatory 
processes,  since  the  two  are  widely  different,  both  in  their  physical  and 
in  their  biologic  relations. 

I  must,  therefore,  agree  with  Glax  ^  when  he  says  that  the  exudate 
does  not  diminish  because  diuresis  is  increased,  but,  rather,  that  the 
increase  of  diuresis  in  all  cases  is  to  be  regarded  as  the  expression  of  a 
beginning  resorption  which  is  characterized  by  elevation  of  the  blood- 
pressure  and  increase  in  the  amount  of  circulating  blood. 

Digitalis  is  unquestionably  of  value  in  protracted  pleural  effusions; 
only,  however,  when  it  can  exert  its  effect  as  a  heart  tonic — that  is  to 
say,  when  the  loss  of  absorbing  power  is  solely  due  to  cardiac  weakness. 

It  is  only  by  a  careful  consideration  of  the  relations  existing  between 
the  formation  of  an  exudate  and  the  chemical  and  mechanical  work  of  the 
tissue  that  we  can  avoid  therapeutic  errors;  for,  except  in  the  case  of  a 
purulent  or  putrid  pleurisy,  the  exudate  is  not  the  primary  cause  of  the 
irritation  of  the  pleura,  but  the  production  of  the  exudate  is  the  result 
of  an  abnormal  irritant.  Cure  is  not  brought  about  by  removing  the 
fluid  products  of  the  inflammatory  irritant,  that  is  to  say,  the  exudate; 
it  occurs  whenever  the  removal  of  the  irritant  makes  a  normal  form  of 
work  possible,  which  does  not,  as  in  inflammation,  consist  merely  in  a 
quantitative  and  qualitative  increase  of  the  local  (interstitial)  tissue  work 
(internal  work),  but  also  in  the  removal  of  the  products  of  activity  to 
other  portions  (by  external  work). 

Under  such  circumstances  diuretic  remedies  are  no  more  able  per- 
manently to  correct  the  abnormal  conditions  than  direct  evacuation  of 
the  exudate,  unless  the  inflammatory  irritant,  the  cause  of  the  increased 
local  work  at  the  expense  of  intrinsic  work,  is  eliminated. 

It  is  not  that  diuresis  is  increased  as  the  exudate  diminishes,  but  the 
normal  function  of  the  kidneys,  like  the  normal  function  of  other  organs, 
becomes  re-established  because  the  decrease  in  the  exudate  indicates 
that  the  endothelial  cells  have  resumed  their  normal  work;  or,  in  other 
words,  that  the  abnormal  irritant  has  disappeared. 

In  delayed  resorption  and  during  convalescence  a  strong  decoction 
of  cinchona  with  hydrochloric  or  lactic  acid,  small  doses  of  quinin, 
and  an  abundance  of  lemonade  or  buttermilk  are  to  be  recommended. 

Antipyretic  remedies  when  the  fever  is  moderate  seem  to  me 
useless,  and  treatment  with  sodium  salicylate  is  recommended  not 
because  it  incidentally  exerts  a  material  influence  on  the  fever  in 
favorable  cases,  but  because  it  appears  to  exert  a  specific  effect  on 
the  causa  morhi,  which  in  mild  cases  of  pleuritis  and  articular  rheu- 
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matism  is  probalily  one  of  the  ordinary  pns  micro-organisms  in  a  less 
virulent   form. 

I'nless,  therefore,  the  temperature  reaches  an  alarming  height, 
or,  rather,  unless  the  fever  can  he  regarded  as  the  only  harmful 
agency,  as  is  rarely  the  case,  antipyretic  remedies  should  not  be 
used.  If  the  gravity  of  the  case  is  due  to  the  intensity  of  the  local 
phenomena,  the  fe\'er,  or,  more  correctly,  the  abnormally  high  tem- 
perature can  only  be  influenced  by  very  large  doses  of  antipyretics 
with  inevitable  injury  to  the  appetite  and  the  patient's  strength. 
Thus,  the  administration  of  antipyretics  is  very  apt  to  be  followed 
by  collapse  or  profuse  colliquati\'e  sweats.  For  this  reason  I  do  not 
adxase  the  use  of  any  antithermic  remedies  against  a  continuous 
fever,  but  prefer  to  give  small  doses  of  quinin,  say,  5  eg.  to  0.1 
(gr.  i  to  ij)  three  or  four  times  a  da}^,  from  the  beginning.  This  has 
a  tonic  effect — that  is  to  say,  it  appears  to  assist  the  body  in  adapting 
itself  to  the  irritant — and  reduces  the  temperature,  or  at  all  events 
does  not  disturb  the  natural  course  of  reaction  and  accommodation. 

Dm-ing  the  later  stages,  if  the  fever  is  protracted,  small  doses  of 
antipyrin  or  phenacetin  may  be  given  -with  advantage ;  the  dose  must 
be  determined  for  every  individual  case,  and  should  never  exceed 
■^  gm.  (gr.  viij).  It  is  best  given  about  four  to  six  hours  before  the 
temperature  reaches  its  highest  point,  or,  in  other  words,  at  the  time 
of  complete  remission. 

The  greater  the  amount  of  sweating  in  tliis  artificially  produced 
apyrexia  and  the  more  abrupt  the  rise  of  temperature  after  the 
period  of  defervescence,  the  more  certain  is  the  conclusion  that  the 
dose  was  too  high  and  that  the  forced  antipyresis  was  uncalled  for 
and  hence  injurious. 

Bathing  with  cool  water  I  believe  to  be  contraindicated;  warm 
baths  and  tepid  sponging,  wliile  they  have  no  perceptible  influence 
on  an  obstinate  temperatm'e,  stimulate  the  activity  of  the  skin. 

The  diaphoretic  methods,  under  whatever  name  thej^  may  be 
disguised,  especially  injections  of  pilocarpin,  do  not,  so  far  as  my  - 
experience  goes,  exert  the  slightest  favorable  influence  on  the  course 
of  the  disease,  nor  do  they  even  tend  to  hasten  absorption.  All  such 
methods  of  treatment  are  to  be  condemned,  if  only  because  of  the 
distress  and  weakening  effect  of  profuse  sweating  which  so  many 
pleuritic  patients  suffer  from.  In  fact,  I  think  it  is  better  to  combat 
tills  form  of  paralysis  of  the  sweat-glands  by  cool  sponging,  by  the 
appUcation  of  ice-bags  to  the  abdomen  and  chest,  and  by  small  doses 
of  atropin  and  ergot,  since  they  almost  always  accompany  a  paralytic 
condition  of  the  cutaneous  vessels,  or  at  least  indicate  a  beginning 
impairment  of  the  vascular  system  of  the  skin.  Far  from  exerting 
any  favorable  influence  on  absorption,  these  paroxysms  of  perspira- 
tion only  tend  to  undermine  the  patient's  strength. 

The  disagreeable  sj^mptoms  attending  profuse  perspiration  can 
be  temporarily  relieved  by  the  appUcation  of  a  dusting-powder  of 
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salicylates,  which  tends  to  check  the  sweat  secretion,  and  by  sponging 
vnth  vinegar. 

The  well-known  Schroth  treatment  or  thirst  treatment  has  now 
fallen  into  disuse  everywhere,  as  it  represents  a  mischievous  interference 
in  the  economy  of  the  body,  and  is  unquestionably  based  on  a  mistaken 
conception  of  the  connection  between  loss  of  fluids  and  the  absorption  of 
inflammatory  exudates.  Nevertheless  Robinson  has  recently  recom- 
mended another  form  of  thirst  treatment,  consisting  in  the  exhibition 
of  salt,  as  if  salt  possessed  the  power  of  causing  the  watery  constituents 
of  the  exudate  to  return  to  the  blood  channels  by  diosmosis. 

The  bowels  must,  of  course,  be  regulated  from  the  very  beginning, 
because  free  catharsis,  while  it  does  not  assist  absorption,  as  is  fre- 
quently thought,  tends  to  cUminish  the  dyspnea  and  sense  of  oppres- 
sion. For  this  purpose  the  milder  salines,  rhubarb  and  senna,  and, 
in  the  beginning  of  the  disease,  moderately  large  doses  of  calomel, 
are  to  be  recommended;  but  one  should  never  yield  to  the  wishes  of 
the  patient,  who  is  apt  to  attribute  the  sense  of  oppression  and  dis- 
tressing pressure  in  the  abdomen  produced  by  the  exudate  to  con- 
stipation, to  the  extent  of  relieving  Ms  sufferings  by  active  purgation. 

Osier  ^  ^  affirms  that  purgatives  given  in  concentrated  solutions  (5 
to  10  gm. — 3j  to  .5iij — of  sodium  sulphate  in  30  to  60  gm. — f^j  to  ij — 
warm  water  given  before  breakfast)  possess  the  power  of  inducing  the 
resorption  of  transudates  and  exudates  by  causing  a  profuse  watery 
secretion  into  the  intestine,  a  view  which  we  beUeve  is  correct  so  far  as 
transudates  are  concerned,  but  does  not  apply  to  exudates. 

If  the  appetite  is  good  and  the  fever  is  not  excessive,  there  is  no 
necessity  to  restrict  the  diet;  in  any  case,  however,  it  should  be  as 
easily  digestible  as  possible  and  not  too  abundant  (see  page  1008). 

The  general  treatment  of  the  patient  as  regards  hygiene  must  be 
carefully  regulated  from  the  beginning  of  the  disease.  As  soon  as 
.the  least  suspicion  of  pleural  disease  exists,  the  patient  should  give 
up  all  work  and  go  to  bed.  The  room  must  be  carefully  ventilated, 
especially  when  there  is  profuse  sweating  and  the  air  in  the  room  is 
vitiated  by  the  exhalations  from  the  body.  Free  ventilation  not  only 
tends  to  eliminate  the  products  of  perspiration,  but  also  exerts  a 
certain  beneficial  influence  on  the  reaction  of  the  skin. 

As  soon  as  the  continued  fever  has  abated  and  morning  remissions 
have  made  their  appearance,  the  patient  should  be  made  to  sit  up 
at  frequent  intervals  and  go  through  systematic  respiratory  move- 
ments, so  as  to  prevent  the  production  of  atelectasis.  These  exer- 
cises should  always  be  carried  out  unless  there  is  severe  pain. 

As  soon  as  the  fever  has  disappeared  and  the  exudate  begins  to 
diminish,  the  patient  may  even  be  allowed  to  get  up  and  move  about 
the  room  for  a  short  time ;  a  little  mild  exercise  materially  facilitates 
absorption  and  is  the  best  means  of  restoring  the  patient's  strength 
in  a  comparatively  short  time. 
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Local  antiphlogistic  remedies  as  a  rule  do  not  affect  the  progress 
of  a  j)l('uiisy  to  aii}'  gival  extent.  They  nia}^,  however,  exert  a 
favorable  influence  on  the  distressing  pain  and  on  the  dyspnea  if  they 
succeed  in  diminishing  the  inflannnation  of  the  thoracic  muscles 
or  the  hyperemia  of  the  chest-wall.  Thus,  the  parts  may  be  painted 
with  tincture  of  iodin  or  iodoform-collodion  (2.0  :  30  collodion). 
Ichthyol  in  ointment  or  solution,  or  dry  or  wet  cupping,  blistering, 
mustard  plasters,  or  ice  may  be  resorted  to. 

The  application  of  ice  in  acute  diseases  of  the  respiratory  apparatus, 
especially  in  anemic  persons,  has  not  yielded  very  favorable  results 
in  my  hands,  and  I  would  rather  recommend  the  employment,  in 
suitable  cases,  of  moist  heat  by  means  of  a  Priessnitz  compress,  poul- 
tices, cataplasma  instantanea,  hot  bottles,  etc. 

I  have  never  seen  any  good  results  from  strapping  the  chest  with 
adhesive  strips,  as  recommended  by  Perrin;  on  the  other  hand,  Biedert  ^  ^ 
speaks  favorably  of  this  method,  which  he  recommends  especially  for 
children.  Otto  ^  ^  claims  to  remove  the  pain  of  pleurisy  by  compressing 
the  thorax  with  a  bandage  6  or  7  cm.  broad,  which  limits  the  respiratory 
excursions.  [Strapping,  if  properly  done,  has  been  of  great  service  in  our 
hands  for  the  relief  of  pain. — Ed.] 

In  my  opinion,  the  timely  exhibition  of  narcotics  offers  the  only 
successful  means  of  relieving  the  pain  of  pleurisy  and  the  spasmodic 
muscular  movements  due  to  the  dyspnea.  Small  doses  of  opium  or 
morpliin,  given  by  the  mouth,  or  still  better  subcutaneously,  at  one 
blow  remove  the  insomnia,  the  dyspnea,  and  the  pain,  and  the  relief 
thus  obtained  lasts  many  hours. 

As  regards  blood-letting,  it  has  been  my  experience  that  dry  cups 
do  not  relieve  the  pain  as  w^ell  as  wet  cups.  More  radical  methods 
of  blood-letting  are  to  be  recommended  only  w^hen  the  fever  is  very 
high  and  in  robust  plethoric  individuals  with  a  tendency  to  cyanosis, 
or  when  the  pains  are  very  severe  and  are  only  relieved  for  a  very 
short  time  b}^  morphin.  In  such  cases  very  good  results  are  often 
obtained  by  copious  blood-letting  by  means  of  wet  cups  or  leeches. 
Along  -uith  the  pain  the  dyspnea  and  cyanosis  disappear,  sleep  is 
induced,  and  the  patient's  spirits  are  re\'ived. 

In  the  future,  unless  all  signs  fail,  blood-letting,  especially  vene- 
section, is  destined  to  resume  an  important  place  in  the  treatment 
of  sthenic  pleuritis. 


2.  OPERATIVE  EVACUATION  BY  MEANS  OF  PUNCTURE. 

The  exaggerated  ideas  of  the  value  of  forced  evacuation  of  pleural 
exudates  by  operative  means  appears  to  have  been  everywhere 
followed  by  a  very  salutary  reaction.  For  a  time,  beguiled  by  the 
efficac}^  of  the  aspirator,  we  interfered  at  the  wrong  moment  and  in 
the  wrong  case,  and  did  not  observe  due  care  in  the  amount  of  force 
used  in  evacuating  the   cavity.     At   present,  however,  there   is  a 
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generally  prevalent  conviction  that  the  operative  evacuation  of  the 
exudate  is  a  rational  method  only  when  applied  to  cases  which  are 
really — ^that  is  to  say,  after  due  consideration  of  individual  pecu- 
liarities— suitable  for  operative  intervention.  All  observers  are,  I 
believe,  now  agreed  that  puncture  must  be  performed  whenever  the 
exudate  is  large  or  has  existed  for  some  time,  or  pulmonary  edema 
is  imminent,  and  that  in  the  case  of  empyema  free  and  permanent 
drainage  for  the  pus  must  always  be  secured. 

As  regards  other  indications  and  the  principles  which  determine 
the  extent  of  evacuation,  I  shall  repeat  in  toto  the  article  on  pleurisy 
which  I  published  ten  years  ago  in  the  section  on  plemisy  in  Eulen- 
burg's  "Real-Encyklopadie,"  the  correctness  of  which  has  been 
abundantly  proved  by  subsequent  experience.  These  indications  and 
principles,  so  far  as  general  rules  can  be  laid  down  for  conditions 
which  are  subject  to  such  wide  variations,  afford  a  useful  basis  for 
therapeutic  procedure. 

It  may  be  granted  that  evacuation  performed  with  all  the  neces- 
sary precautions,  both  as  regards  antisepsis  and  the  quantity  of  fluid 
removed,  either  puncture  alone  or  puncture  with  mild  aspiration,  is  in 
itself  not  only  absolutely  harmless,  but  even  a  necessary  and  useful  sur- 
gical intervention,  pro^dding  puncture  is  not  followed  by  renewed  accu- 
mulation of  the  exudate.  The  only  possible  argument  against  the 
necessity  of  the  operation  is  based  on  those  cases,  which,  it  is  true, 
are  not  altogether  rare,  in  which  an  unexpectedly  sudden  reaccu- 
mulation  of  the  exudate  takes  place.  Something  is  gained  even  if 
puncture  is  followed  by  a  small  amount  of  reaccumulation,  and  the 
objection  that  this  diminution  might  have  taken  place  spontaneously 
is  not  tenable,  since  any  hastening  of  recovery  or  diminution  of  the 
symptoms  is  to  be  regarded  as  a  distinct  therapeutic  gain. 

While  it  is  true  that  puncture  necessarily  brings  about  a  loss  of 
albumin  to  the  body,  we  do  not  even  know  whether  in  the  case  of  a 
spontaneous  absorption  the  albumin  remains  in  the  body  and  becomes 
available  for  purposes  of  nutrition,  or  whether,  owing  to  the  double 
demand  on  the  organism  and  the  increased  work  required  for  the 
complete  decomposition  and  mechanical  excretion  of  the  inflam- 
matory products,  it  is  not  eventually  eliminated  without  being 
utilized  for  purposes  of  nutrition. 

However  that  may  be,  the  amount  of  nutritive  material  removed 
in  moderate  evacuation  is  inconsiderable,  and  besides  it  is  not  im- 
probable that  this  material,  after  undergoing  retrogressive  meta- 
morphosis, finds  its  way  into  the  general  circulation  and  there  exerts 
a  harmful  influence,  either  by  leading  to  embolism  or  thrombosis,  or 
by  setting  up  an  inflammatory  irritation  of  the  excretory  organs. 

Hence  the  operation  is  a  useful  one  whenever  its  effect  on  the 
general  or  local  symptoms  is  such  as  to  indicate  that  there  has  been 
a  diminution  or  even  abolition  of  the  efficiency  of  the  exudate-forming 
factors,  if  I  may  be  permitted  to  use  this  expression.  In  such  cases, 
instead  of  first  resorting  to  the  other  doubtful  methods  of  facilitating 
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absorption,  an  attempt  should  be  made  to  evacuate  a  moderate 
amount  of  the  exudate ;  and  ah  liough  there  is  no  sjjecif ic  sign  indicating 
the  approach  of  the  most  favorable  moment,  yet  a  diminution  in 
the  acutely  inflammatory  symptoms,  the  pain  and  fever,  may  be 
regarded  as  the  signal  of  a  return  to  normal  conditions. 

Even  an  advocate  of  the  expectant  method  of  treatment,  who 
regards  intervention  at  the  improper  moment  as  a  technical  error, — 
and  I  fully  agree  with  this  view,  believing  in  the  principle  that  opera- 
tive delay  in  a  case  of  serous  exudate  is  less  harmful  than  premature 
intervention, — ought  to  operate  after  the  fever  has  completely  dis- 
appeared or  merely  shows  slight  evening  exacerbations,  especially 
if,  after  exhausting  every  method  of  examination,  it  has  been 
determined  that  the  exduate  has  not  increased  for  several  da3^s. 

In  most  cases,  I  believe  the  indications  need  not  be  too  restricted; 
for,  b}'  taking  due  account  of  individual  conditions,  a  good  thera- 
peutic result  may  be  obtained  even  if  we  overstep  the  limit  just  laid 
do^^^l.  It  should  always  be  a  rule,  however,  in  all  doubtful  cases 
to  withdraw  no  more  than  half  of  the  amount  that  may  be  inferred 
by  physical  examination  to  be  present.  The  removal  of  only  a  part 
of  the  fluid  favors  spontaneous  resorption,  and  if  in  an  unfavorable 
case  the  subsequent  progress  shows  that  the  process  of  exudation 
had  not  reached  its  limit,  such  a  discovery  is  rtot  fraught  with  any 
YQvy  serious  consequences  to  the  patient. 

In  several  cases  I  have  performed  puncture  successfully  after  the 
height  of  the  fever  had  passed  and  while  there  was  still  a  moderate 
continuous  fever,  providing  the  exudate  had  not  increased  for  several 
days.  I  always  tap  if  the  appetite  reappears  and  there  are  no  col- 
liquative sweats,  if  there  is  no  increase  in  the  exudate,  and  the  fever 
diminishes.  In  just  such  cases  it  will  be  found  that  the  fever  dis- 
appears inamediately  after  operative  evacuation  of  the  exudate,  and 
a  favorable  influence  on  the  patient's  general  condition  at  once 
becomes  manifest  even  although  the  exudate  reaccumulates  after 
a  few  da3^s  in  diminished  quantities.  In  such  cases  it  may  be  assumed 
that  the  fever  was  not  due  to  the  primary  inflammation  which  is  the 
cause  of  the  exudate,  but  that  the  exudate  itself  is  to  be  regarded 
as  the  chief  irritant  of  the  pleura,  which  is  especially  sensitive  and 
therefore  not  in  the  full  possession  of  its  absorptive  faculties. 

Accordingly,  we  find  that  exudates  which  owe  their  origin  purely 
to  a  special  local  irritation  or  irritability — the  foundation  of  all  inflam- 
mator}'  processes — never  show  any  distinctly  favorable  effect  from  opera- 
tion if  it  is  performed  before  the  end  of  the  inflammatory  stage.  As 
long  as  the  conditions  are  abnormal,  that  is  to  say,  as  long  as  the  in- 
flammatory irritant  is  active,  the  exudate  rapidly  reaccumulates  if  opera- 
tion is  resorted  to  'without  due  regard  to  special  conditions. 

There  are,  in  addition,  cases  where  puncture  should  be  performed 
in  the  face  of  an  increase  of  the  exudate,  since  it  is  not  altogether 
true  that  an  increase  in  the  exudate  always  depends  on  an  exacerba- 
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tion  of  the  inflammatory  process  in  the  pleura ;  for  it  is  to  be  remem- 
bered that  when  the  activity  of  the  tissues  is  disturbed,  and  the  re- 
sorptive  and  mechanical  powers  of  the  protoplasm  of  the  pleura  are 
much  diminished,  the  exudate  itself  may  be  a  cause  or  even  the  only 
cause  for  a  kind  of  transudation.  In  such  cases,  in  which  there  is  a 
combination  of  exudate  and  transudate,  nothing  but  a  mechanical 
evacuation  of  the  fluid  will  remove  the  pressure  from  the  tissue  and 
enable  the  weakened  resorptive  power  to  reassert  itself. 

Exudates  of  this  kind  are,  according  to  my  observation,  found 
mostly  on  the  right  side,  and  almost  always  associated  with  enlarge- 
ment of  the  Hver,  as  the  effect  of  the  pleuritic  disease  on  the  circula- 
tion manifests  itself  principally  in  the  portal  circulation.  Only  very 
large  exudates  belong  to  this  class;  exudates  that  do  not  reach  to 
the  middle  of  the  scapula  are  usually  not  associated  with  transuda- 
tion. 

In  regard  to  pleuritis  acutissima,  even  in  cases  where  the  conversion 
of  the  serous  into  a  purulent  exudate  which  occurs  very  early  has 
not  taken  place,  I  am  inchned  to  indorse  Aufrecht's  ^^  proposition  of 
first  resorting  to  aspiration,  and,  if  this  is  followed  by  rapid  reaccu- 
mulation  of  the  exudate  with  high  fever,  at  once  to  proceed  to  thora- 
cotomy. 

Even  in  a  case  of  simple  serous  exudate  in  an  adult,  where  the 
fluid  had  accumulated  at  an  enormously  rapid  rate,  and  operative 
intervention  was  urgently  indicated,  I  once  performed  thoracotomy 
without  waiting  for  puncture  and  brought  about  an  unexpectedly 
rapid  and  complete  recovery. 

In  the  case  of  purulent  exudates  tapping  is  never,  in  my  opinion, 
to  be  recommended;  and  in  spite  of  favorable  results  obtained  by 
some  authors,  I  cannot  bring  myself  to  recommend  anything  but 
early  operation,  for  the  chances  of  complete  recovery  are  distinctly 
diminished  by  puncture,  as  I  have  only  too  often  had  occasion  to 
observe. 

Even  in  children  I  believe  that  resection  or  some  other  method 
of  bringing  about  permanent  evacuation  of  the  pus  should  be  aimed 
at,  because  the  chances  for  complete  recovery  after  resection  are 
particularly  good  in  children. 

It  is  very  difficult  to  lay  down  any  general  rules  applicable  to 
treatment  in  serous  and  hemorrhagic  exudates  occurring  in  car- 
cinomatous, tuberculous,  or  cachectic  individuals. 

In  cachexia,  where  the  exudation  is  usually  very  slight  and  occurs 
only  during  the  terminal  stages,  where  dyspnea  is  due  to  loss  of 
strength  and  not  to  local  disturbance,  no  operative  interference 
should  be  attempted,  as  the  pain  can  just  as  well  be  relieved  by 
morphin.  In  carcinomatosis,  where  the  exudate  is  often  quite  con- 
siderable, puncture  should  be  resorted  to  only  if  there  is  a  vital 
indication. 

On  the  other  hand,  I  have  often  seen  very  favorable  results  follow 
puncture  in  isolated  tubercular  processes  in  the  pleura  and  in  pul- 
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monary  tuborculosis,  altliou<ji;li  it  is  true  tliat  I  l^n-c  also  seen  such 
exudates  uiulei^^o  sponlaneous  absorption,  and  it  is  noteworthy 
that  the  tubercular  manifestations  in  the  lung  often  undergo  a  strik- 
ing improvement  during  the  existence  of  an  exudate.  In  all  cases 
of  pronounced  phtliisis,  therefore,  even  when  dyspnea  is  great  and 
there  is  continuous  fe\'er,  I  advise  operation  if  it  can  be  positively 
determinetl  that  the  symptoms  are  due  to  the  pleuritic  exudate  and 
not  to  the  pulmonary  process. 

When  there  is  any  marked  dislocation  of  neighboring  organs, 
puncture  is  justifiable  whether  a  serous  or  a  hemorrhagic  exudate  be 
present;  for  there  is  always  the  possibility  that  the  exudate  itself  is 
exerting  some  unfavorable  influence  on  the  mo\'ement  of  the  blood, 
and  thus  directly  laying  the  foundation  for  an  increased  mechanical 
transudation. 

In  all  other  cases,  and  when  the  exudate  is  moderate  in  amount 
and  increasing  slowl}',  I  believe  it  is  better  to  be  conservative  and 
not  resort  to  puncture,  for  I  have  never  seen  an}^  harm  come  to  the 
patient  through  delay.  If  the  exudate  has  remained  stationary  for 
some  time,  it  is  always  better  to  tap. 

Incidentally,  it  is  to  be  mentioned  that  exudates  that  have  become 
hemorrhagic  during  the  act  of  puncture,  either  owing  to  the  sudden 
change  of  pressure  within  the  j^leural  cavity  or  to  injurv  of  the  chest- wall, 
or  to  hemorrhage  from  a  superficial  focus  in  the  lungs,  are  of  course  not 
included  among  true  hemorrhagic  exudates. 

(a)  Mechanism  in  Evacuation  of  the  Exudate  by  Puncture. — 

In  choosing  the  method  of  operative  evacuation  to  be  employed, 
whether  aspiration,  siphonage,  or  simple  punctiu"e,  the  most  important 
consideration  appears  to  be,  a  priori,  the  amount  of  pressm'e  -uithin 
the  plem-al  ca^dty.  The  greater  this  pressure,  the  readier  wdll  be  the 
spontaneous  evacuation  of  fluid  through  the  artificial  opening,  as 
may  be  seen  in  tapping  the  abdomen  for  ascites,  where  the  contents 
are  forced  out  in  a  steady  stream  if  the  pressm'e  is  high,  or,  to  speak 
more  correctly,  if  the  tonus  of  the  abdominal  wall  is  such  that  the 
pressure  is  considerable  in  spite  of  the  distention. 

Now,  it  has  been  conclusively  shown  by  manometric  investigations 
that  the  pressure  of  an  exudate  T^lthin  the  pleura  is  comparatively 
low,  and  tliis  pressure  suffers  an  adcUtional  diminution  during  inspira- 
tion. In  addition  to  tliis,  the  resistance  encountered  in  the  drainage- 
tube  is  comparatively  great,  because,  owing  to  the  relati\'eh''  small 
width  of  the  intercostal  spaces  and  the  danger  incident  to  delayed 
closure  of  the  pimcture  wound,  we  are  in  the  habit  of  using  trocars  of 
rather  small  caliber,  wiiich  by  friction  retard  the  flow  of  the  exudate. 
As,  in  addition,  the  resistance  due  to  friction  in  a  pleiu-al  effusion, 
w^hich  contains  morphologic  elements  and  shreds  of  solid  material 
and  is  thicker  and  of  a  liigher  specific  gra^ity  than  ascites,  is  also 
relatively  great,  it  occasionally  happens,  especially  in  exudates  of 
long  standing,  w^here  the  tonus  and  contractility  of  the  chest-w^aU 
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and  the  expansibility  of  the  lung  have  become  impaired,  that  the 
fluid  cannot  be  evacuated  merely  by  inserting  a  trocar. 

These  conditions  require  a  fuller  explanation,  as  the  fact  that  a 
copious  flow  may  take  place  in  spite  of  low  pressure,  while  in  very 
large  exudates  the  rate  of  the  flow  does  not  correspond  to  the  amount 
of  the  fluid,  shows  us  at  once  that  there  are  certain  special  factors 
which  determine  the  pressure  or  rate  of  flow.  In  other  words,  the 
pressure  exerted  by  the  exudate,  on  which  the  rate  of  flow  depends, 
is  determined  not  by  the  physical  distention  of  the  chest-wall, — 
the  degree  of  tension  of  the  dead  tissue  between  its  points  of  fixation, 
but  by  a  variable  dynamic  factor,  namely,  the  variable  tonus  of  the 
walls  including  the  diaphragm,  and  by  the  intrabronchial  pressure, 
which  is  equally  variable  because  dependent  on  the  tonus  of  the  lung. 

We  know  that  every  tissue  possesses  some  degree  of  perfect  elasticity, 
corresponding  to  its  physical  properties,  by  virtue  of  which  it  contracts 
after  being  distended,  and,  in  addition,  possesses  a  certain  energy  acting 
in  the  same  direction,  but  effective  only  during  life, — its  tonus, — which 
can  be  diminished  by  certain  minute  irritants  or  stimuli  and  increased 
by  certain  other  stimuli  acting  in  the  contrary  direction.  Any  form  of 
irritation  of  the  pulmonary  or  costal  pleura  or  of  the  lung  itself  alters 
the  tonus  of  the  chest-wall  or  of  the  lung  itself,  and  therefore  produces 
changes  in  the  intrapleural  and  intrapulmonarj^  pressure  differing  in 
kind  and  in  degree  from  the  changes  which  are  dependent  on  the  purely 
physical  conditions;  that  is,  on  the  elasticity  residing  in  dead  tissue 
and  the  external  heat. 

It  is,  therefore,  to  be  remembered  that  the  better  the  tone  of  the 
muscles,  wMch  are  relaxed  and  not  merely  mechanically  stretched 
by  the  action  of  the  exudate,  the  higher  will  be  the  pressure  of  the 
exudate.  If  mechanical  distention  were  the  only  factor,  any  marked 
though  temporary  increase  in  the  tension  would  bring  about  irrepar- 
able dilatation  of  the  walls,  and  the  rapid  and  complete  contraction 
of  large  ca\dties,  which  is  observed  in  the  majority  of  cases  even 
after  the  evacuation  of  large  exudates,  would  be  utterly  impossible. 

To  explain  the  possibility  of  living  tissue  being  stretched  beyond 
the  hmits  of  perfect  elasticity  a  peculiar  arrangement  of  the  molecules 
must  be  assumed,  permitting  elongation  of  the  tissue  in  the  direction  of 
traction  (applied),  not  by  increasing  the  distances  between  the  molecules, 
— that  is,  by  weakening  their  affinity, — but  rather  by  the  intercalation 
of  other  molecules  which  up  to  that  point  had  remained  passive.  This 
arrangement  prevents  any  disturbance  of  the  intermolecular  relations  as 
long  as  the  intercalation  of  new  and  efficient  affinities  is  possible ;  that  is 
to  say,  up  to  the  point  where  true  physical  distention  or  separation  of  the 
molecules  takes  place.  To  recapitulate,  we  therefore  assume  that  be- 
tween two  rows  of  molecules,  possessing  an  affinity  corresponding  to  that 
found  in  dead  tissue  or  a  slightly  greater  affinity,  there  is  alwaj's  another 
row  of  molecules  possessing  a  slightly  stronger  affinity  (li^^ng  molecules) 
which  during  distention  of  the  tissue  step  into  the  open  spaces  and  thus 
maintain  the  same  degree  of  elasticity  that  was  present  before  disten- 
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tion  of  the  tissue  occurred.     This  condition,   in  contradistinction  to 
physical  distention,  is  termed  tonic  relaxation. 

A  hollow  organ  that  has  undergone  tiiis  kind  of  relaxation  is  capable 
of  largely  increasing  its  volume  without  its  walls  becoming  distended 
in  the  physical  sense,  and  after  evacuation  of  its  contents  can  therefore 
retract  without  the  action  of  elasticity,  which  of  course  presupposes  a 
former  distention. 

Whenever  the  thoracic  muscles  and  the  diaphragm  contract  and 
dilate  the  thorax,  the  lung  relaxes  in  the  sense  of  the  above  definition, 
while  its  tonus  is  diminished;  it  is  not  distended  by  the  inrushing  air. 
When  the  traction  wliich  has  caused  the  dilatation  of  the  thorax 
ceases,  the  tonus  of  the  lung  at  once  reasserts  itself  and  brings  about 
retraction,  the  muscles  meanwhile  relaxing  and  allowing  the  ribs  to 
become  approximated. 

The  tonus  of  the  thoracic  wall  is  therefore  not  identical  with  the 
tonic  contraction  of  the  respiratory  muscles;  the  latter  effect  dilatation 
of  the  thoracic  cavity,  whereas  the  tonus  of  the  lungs  and  its  membranes 
(the  pleura)  and  a  portion  of  the  intercostal  muscles  effects  contraction 
of  the  thoracic  cavity.  The  tonic  function  of  the  bony  wall  of  the  thorax, 
including  the  muscles  acting  during  inspiration,  acts  in  direct  opposition 
to  the  tonic  apparatus  of  the  lung. 

WTiat  is  the  state  of  affairs  when  there  is  an  exudate?  According 
as  it  tends  to  excite  or  inliibit  tonus,  as  has  been  explained  on  page 
916,  a  change  occm-s  in  the  tonus  of  the  lung  and  of  the  thoracic 
muscles.  As  a  rule,  the  tonus  of  the  lung  is  increased;  that  is  to  say, 
the  so-called  intrapulmonary  pressiu-e,  or,  more  correctly,  the 
force  of  the  air  rushing  into  the  lung,  is  diminished,  while  at  the 
same  time,  o'U'ing  to  the  action  of  the  costal  pleiu^a,  the  tonus  of  the 
chest-wall  is  sufficiently  diminished  to  allow  the  layers  of  the  pleura 
to  become  separated  and  form  a  pleural  ca^dty  for  the  reception  of 
the  exudate. 

Since,  therefore,  there  is  no  cUstention  in  the  physical  sense,  the 
pressure  on  the  surface  of  the  exudate  is  no  greater  than  the  pressure 
in  the  so-called  normal  pleural  ca^'it3',  that  is,  in  the  capillary  space 
betw^een  the  la^'ers  of  the  pleura.  Strictly  speaking,  it  is  zero,  because 
the  lung  and  the  walls  of  the  thorax,  including  the  diaphragm,  so  long 
as  the  tonus  is  not  affected,  tend  to  contract  concentrically  or  move 
tov\'ard  the  hilus. 

If,  however,  both  the  lung  and  the  chest -wall  shrink  in  the  same 
degree,  there  can  be  no  movement  of  the  exudate  toward  the  opening 
in  the  thorax,  since  the  pressure  within  the  bronchi  is  always  less 
than  the  atmospheric  pressure  which  acts  on  the  chest -wall.  There  is 
an  undulation  of  the  exudate,  the  w'aves  during  expiration  traveling 
toward  the  lung  and  during  inspiration  toward  the  chest -wall;  and 
when  the  respiratory  movements  and  the  vacillations  of  the  tonus 
have  ceased,  the  fluid  remains  immovable. 

The  pressure  becomes  positive  whenever  the  contraction  of  the 
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lung  is  less  than  the  diminution  in  tension  of  the  thoracic  wall,  and 
this  condition  of  affairs  occurs  in  the  great  majorit}^  of  cases  because 
the  action  of  the  voluntary  muscles  of  respiration,  especially  the 
diaphragm,  which  dilate  the  thoracic  wall,  and  therefore  by  their 
contraction  diminish  the  tonus,  is  influenced  by  pain  or  other  in- 
hibitory stimuli.  The  greater  the  relaxation  of  these  muscles,  the 
greater  the  antagonistic  activity  of  the  tono-motors  of  the  thoracic 
wall;  and  the  smaller  the  inspiratory  excursion, — if  the  tonus  is 
maintained, — the  greater  the  tension  of  the  exudate. 

The  diminution  in  the  respiratory  surface  brought  about  by  the 
exudate  sometimes  produces  a  compensatory  increase  in  the  innervation 
of  inspiration,  w^hich,  if  the  tonus  of  the  lung  does  not  undergo  a  corre- 
sponding relaxation,  can  only  lead  to  further  enlargement  of  the  pleural 
cavity  and  increase  of  the  exudate. 

Hence  there  is  always  some  pressure  on  the  surface  of  the  exudate 
and  a  certain  slight  tendency  of  the  lung  toward  the  chest-wall.  The 
greater  this  pressure,  the  better  the  chances  for  restitution,  as  the 
pressure  guarantees  a  continuance  of  an  effective  tonus,  which  alone 
can  bring  about  compensation ;  that  is,  closure  of  the  pleural  cavity. 

Permanent  pressure,  permitting  the  fluid  to  escape  during  punc- 
ture, can  therefore  only  be  brought  about  by  the  pressure  maintaining 
itself  at,  or  even  above,  the  former  level  by  the  action  of  the  tonus 
and  in  proportion  to  the  possibility  of  escape  of  the  fluid.  A  neces- 
sary condition  for  the  complete  and  uninterrupted  evacuation  of  the 
fluid  is  the  existence  of  a  certain  active  power  of  cUminishing  the 
size  of  the  cavity  by  contraction  of  the  muscular  wall  and  expansion 
of  the  lung. 

What  is  the  effect  of  making  an  opening  ?  It  reduces  the  pressure 
at  the  point  of  puncture  to  that  of  the  atmosphere  and  at  once  permits 
the  escape  of  an  amount  of  fluid  corresponding  to  the  positive  excess 
of  fluid  in  the  pleural  cavity;  that  is  to  say,  if  the  walls  were  distended 
in  the  physical  sense,  the  amount  of  fluid  evacuated  would  correspond 
to  the  degree  of  elasticity  necessary  to  bring  about  a  condition  of 
equilibrium.  The  amount  of  fluid  thus  evacuated  would  therefore, 
in  view  of  the  slight  although  perfect  elasticity,  be  inconsiderable, 
as,  indeed,  is  found  to  be  the  case,  whereas  if  the  tonus — that  is,  a 
certain  degree  of  energy  varying  in  individual  cases — ^is  brought  into 
action,  the  degree  of  pressure-difference  or  work  performed  may  be 
quite  considerable. 

Furthermore,  it  is  readily  seen  that  for  any  effect  to  be  produced 
on  the  exudate,  the  lung  must  be  distensible ;  that  is  to  say,  capable 
of  complete  relaxation  so  that  the  intrapulmonary  air-pressure  may 
assist  the  action  of  the  tonus  of  the  chest-wall. 

Complete  evacuation  can,  therefore,  take  place  only  when  there 
is,  proportionate  to  the  outflow,  a  diminution  of  the  stimulus  which 
maintains  the  tonus,  allowing  the  lungs  to  retract  and  the  voluntary 
muscles  of  respiration  to  perform  that  part  of  their  work  which 
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increases  the  intrapulmonary  air-pressure  without  destroying  the 
tonus  of  the  chest-wall.  In  a  word,  punctui'e  will  be  followed  by  a 
stronger  flow  in  proportion  as  the  tonic  innervation,  which  regulates 
the  contraction  and  relaxation  of  the  various  regions,  is  preserved; 
for  in  that  case  there  will  be  a  moderate  but  uniform  permanent 
pressure  on  the  surface  of  the  fluid,  which,  although  it  is  low  at  any 
given  moment,  yet  from  the  fact  that  it  depends  on  considerable 
retraction  of  the  wall  and  corresponding  distention  of  the  lung, 
represents  a  considerable  absolute  amoimt  of  energy. 

It  follows  therefore  that,  paradoxical  as  it  may  sound,  the  pressure 
is  not  as  low  as  our  methods  indicate,  because  we  are  not  dealing  with 
hydrostatic  pressure  or  the  effect  of  elasticity  on  dead  tissue.  It  is 
only  in  such  tissues  that  the  amount  of  dislocation  depends  on  the  pres- 
sure of  the  fluid  or  the  measurable  forces  at  work  during  distention, 
that  is  to  say,  external  influences;  and  this  dislocation  is  proportional 
to  the  strength  of  these  external  forces.  In  a  living  and  properly  func- 
tionating tissue,  on  the  other  hand,  movement  is  determined  by  the 
reflex  tonic  contraction  of  the  cavity,  that  is  to  say,  by  internal  forces 
which  in  the  strictest  sense  represent  a  variable  function  of  the  nervous 
stimuli.  For  this  reason  the  rate  of  flow  remains  the  same  long  after 
the  contents  have  become  diminished  and  the  level  of  the  fluid  has  fallen, 
because  the  accelerating  force  remains  the  same  or  even  becomes  in- 
creased as  the  ca\dty  continues  to  contract. 

The  paradox  that  a  thorough  evacuation  takes  place  even  when 
the  amount  of  exudate  is  small  is  therefore  easily  explained  if  we  re- 
member that  the  tonic  innervation,  which  is  under  reflex  control, 
liberates  very  great  amomits  of  energy,  the  successive  development 
of  which  constantly  tends  to  diminish  the  volume  of  the  ca^dty  and 
thus  maintains  a  constant  pressure. 

Thus  it  is  also  seen  why  the  manometer  does  not  register  the 
actual  or  possible  amoimt  of  work  done,  but  merely  a  relatively 
stable  condition  of  equilibriimi, — the  temporary  pressure  on  the  sur- 
face, the  magnitude  of  wliich  is  cUrectly  dependent  on  the  resistance 
represented  by  the  manometer,  and  wliich  inhibits  the  tonus  of  the 
chest-wall.  As  soon  as  a  manometer  is  inserted,  there  is  produced  a 
new  condition  of  equilibrium  which  is  directly  due  to  occlusion  of  the 
cannula  and  lasts  as  long  as  the  cannula  remains  occluded,  manifesting 
but  slight  variations.  It  is  only  when  a  free  outlet  for  the  fluid  is 
afforded  that  the  walls  are  able  to  develop  their  full  energy;  that  is, 
to  utihze  the  forces  at  their  disposal  for  the  constant  cUminution  of 
the  ca^dt}^  until  a  mean  volume  has  been  reached. 

If,  however,  anything  occurs  to  arrest  the  outflow,  the  walls,  being 
under  tonic  influence,  immediately  adapt  themselves  to  the  contents. 
The  surface  pressure  represents  merely  the  condition  of  equilibriimi 
corresponding  to  the  intensity  of  the  inhibitory  stimuli,  and  not  the 
highest  possible  amount  of  energy  available  for  the  expulsion  of  the 
fluid,  just  as  a  piece  of  iron  does  not  show  the  same  weight  when  it  is 
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placed  on  the  scales — that  is,  under  ordinary  conditions — as  when  it  is 
under  the  dynamic  influence  of  a  magnet. 

If  a  manometer  is  connected  with  a  trocar  inserted  into  the  interior 
of  the  pleural  cavity,  and  the  resistance  to  the  outflow  is  thus  increased 
by  a  certain  amount  corresponding  to  the  increased  resistance  offered 
by  a  column  of  mercury  or  other  fluid,  or  if  the  outlet  is  obstructed 
altogether,  the  activity  of  the  reflex  apparatus  will  at  once  suffer  a 
slight  diminution  until  a  new  state  of  equilibrium  is  established. 

Hence  the  column  of  mercury  in  the  manometer  indicates  merely 
the  state  of  equilibrium,  and  not  the  forces  available  for  the  expul- 
sion of  the  fluid  when  there  is  a  free  outlet.  In  other  words,  the  force 
available  for  the  expulsion  of  masses  in  the  living  body  at  once  be- 
comes diminished  if  the  outflow  is  obstructed,  and  the  most  unstable 
equilibrium  is  converted  into  a  less  unstable  or  even  into  a  stable 
equilibrium. 

The  evacuation  of  a  fluid  from  a  cavity  formed  by  living  tissues  is, 
therefore,  dependent  on  the  pressure  within  the  tissue, — ^that  is,  on 
the  tonus, — and  not  on  the  pressure  at  the  surface  of  the  exudate 
measured  under  certain  permanent  conditions  of  resistance,  because 
the  change  in  pressure  which,  owing  to  the  free  communication 
established  between  the  thoracic  cavity  and  the  atmosphere,  occurs 
at  the  site  of  the  puncture  may  liberate  an  amount  of  tonic  energy 
which  cannot  be  calculated  and  persists  for  some  time. 

Corresponding  to  these  variations  in  the  tonus  of  the  wall,  the 
-fluid  follows  the  line  of  least  (tonic)  resistance  and  gravitates  toward 
the  puncture  wound,  and  this  will  continue  as  long  as  the  outflow 
itself  acts  as  a  stimulus  for  the  continued  approximation  of  the 
tissues  or  as  a  foundation  for  the  new  tonic  innervation  which  pro- 
duces a  diminution  of  the  cavity.  Under  the  most  favorable  condi- 
tions— that  is  to  say,  when  the  expansion  of  the  lung  is  sufficient 
and  the  tonicity  is  greatly  increased  (intramuscular  contraction  of 
the  wall) — the  evacuation  may  continue  until  the  size  of  the  thorax 
approaches  the  mean  volume  at  the  end  of  an  ordinary  expiration 
under  normal  conditions. 

A  uniform  outflow  can  take  place  only  when  the  original  pressure 
at  the  surface  is  maintained  by  an  increase  in  the  tonic  pressure  of 
the  thoracic  walls  and  diaphragm  or  by  a  diminution  of  the  pulmonary 
tonus  which  is  identical  with  an  increase  of  the  intrapulmonary  pres-. 
sure;  or,  in  other  words,  expansion  of  the  lung. 

Hence  the  circumference  of  the  thorax  must  diminish  in  propor- 
tion to  the  diminution  of  the  exudate  until  this  concentric  contrac- 
tion reflexly  sets  the  voluntary  muscles  of  respiration  into  motion. 
As  soon  as  respiration  begins,  the  uniformity  of  the  flow  can  be 
maintained  only  if  the  respiratory  movements  as  such  do  not  exert 
any  material  influence  on  the  intrapleural  pressure;  or,  in  other 
words,  if,  during  the  inspiratory  dilatation  of  the  thorax,  the  pressure 
on  the  fluid,  its  movement  toward  the  opening,  is  not  less  than  during 
expiratory  contraction.     These  conditions  can,  of  course,  be  fulfilled 
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only  if  the  lung  at  each  inspiration  expands  at  least  as  much  as  the 
thorax,  and  the  thorax  during  expiration  contracts  to  the  same 
extent  as  the  lung.  Granting  that  there  is  a  possibility  of  respiratory 
movements  being  perfornKnl,  an  inspiratory  diminution  and  expira- 
tory increase  in  the  How  will  take  place,  unless  the  insjnratory  change 
of  volume  is  compensated  for  by  the  entrance  of  sufficient  air  into 
some  portion  of  the  lung,  while  the  resistance  to  the  expiratory 
contraction  of  the  lung,  which  is  represented  by  the  interbronchial 
pressure,  is  greater  than  the  resistance  at  the  opening  in  the  chest- 
wall.  The  How  will  be  completely  arrested  if  during  expiration  the 
intrapulmonary  pressure,  or,  to  speak  more  correctly,  the  stimulus 
exerted  on  the  pleural  surface  of  the  pulmonary  pleura  which  effects 
the  contraction  of  the  lung,  becomes  as  great  as  the  pressure  on  the 
pleural  fluid  through  the  outer  wall  of  the  thorax. 

Hence  a  positive  pressure — that  is,  one  wliich  permits  a  flow 
toward  the  external  air  or  through  the  outer  thoracic  wall — can  exist 
in  the  pleural  cavity  only  if  the  relaxation  of  the  tonus  of  the  lung — 
its  power  of  expansion — is  greater  than  the  power  of  expansion  of 
the  thoracic  wall.  This  result  is  partly  attained  by  the  necessity 
on  the  part  of  the  thoracic  wall  during  expansion  to  raise  the  con- 
tained fluid,  which  is,  of  course,  more  difficult  to  move  than  is  the 
elastic  lung  tissue.  The  greater  the  inspiratory  relaxation  of  the 
intrapulmonary  tonus  and  the  greater  the  expansion  of  the  lung, 
the  greater  vnW  be  the  pressure  exerted  during  inspiration  on  the 
exudate  from  the  lung  toward  the  opening  in  the  chest-wall. 

If  the  -lung  were  to  follow  the  contraction  of  the  chest-wall  uniformly, 
the  fluid  could  not  escape,  because  the  inspiratory  enlargement  of  the 
thoracic  space  would  be  constantly  filled  by  the  lung,  whereas  the  first 
condition  for  the  evacuation  of  an  exudate  is  that  the  expansion  of  the 
lung  be  greater,  or,  rather,  that  the  rapidity  with  which  it  moves  upon  the 
exudate  be  greater  than  the  rapidity  with  which  the  thoracic  wall  retracts. 

If  the  distention  of  the  thoracic  wall  is  more  rapid  than  that  of  the 
lung,  a  stoppage  of  the  outflow  will  occur  at  each  inspiration ;  while  during 
expiration,  when  the  w^eight  of  the  thoracic  wall  reinforces  the  hydro- 
static pressure  of  the  fluid,  the  interference  is  less,  until  finally  both 
parts  move  with  the  same  rapidity  and  the  flow  is  completely  arrested. 

The  mere  hydrostatic  pressure,  therefore,  plays  a  very  inconsider- 
able part,  as  we  generally  do  not  have  to  deal  with  large  columns  of 
fluid.  Even  if  puncture  is  performed  in  the  dorsal  position,  when 
the  level  of  the  fluid  is  at  its  lowest,  no  difference  is  observed  in  the 
rate  of  flow.  The  most  important  factors  in  the  regulation  of  the 
flow  are  the  pecuUar  construction  of  the  pleural  ca^dties,  which  may 
in  a  sense  be  compared  to  the  effect  of  capillarity,  and  the  tonus 
of  the  tissues,  that  is,  the  dynamic  power  which  distinguishes  li\ing 
tissue  from  a  similarly  constituted  dead  tissue,  just  as  the  machine 
differs  from  the  aggregate  of  raw  material. 

Elasticit}^  is  not  the  only  efficient  factor  in  the  evacuation;  an- 
other of  equal  importance,  and  one  that  works  in  the  same  direction, 
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is  the  tonus  of  the  tissues.  All  tissues,  especially  the  hollow  muscles, 
not  only  possess  the  power  of  expanding,  under  the  influence  of  an 
internal  or  external  distending  force,  in  proportion  to  the  amount 
of  this  force  and  of  contracting  after  the  force  has  been  removed,  but 
also  possess  the  power,  by  a  mere  alteration  in  their  innervation, — 
that  is,  under  the  influence  of  minute  stimuli, — of  developing  energies 
available  for  diminishing  their  volume  which  are  not  possessed  by 
dead  tissue. 

In  this  way  considerable  masses  of  matter  are  taken  up  and  carried 
off  without  compression  by  corresponding  external  forces.  By  the 
exercise  of  mere  intermolecular  force  and  in  response  to  a  slight  stimulus 
the  volume  is  diminished  or  augmented.  It  is,  therefore,  less  a  static 
traction  or  pressure  due  to  stretching  of  the  tissues,  than  a  dynamic  fac- 
tor, capable  of  various  degrees  of  work  in  accordance  with  the  stimulus — 
in  other  words,  the  tonus — that  is  at  work.  And,  in  contradistinction 
to  what  we  usually  understand  by  static  process,  the  possibility  of  move- 
ment is  greater,  the  less  the  tissues  have,  under  the  influence  of  great 
external  forces,  suffered  a  true  distention ;  that  is  to  say,  the  smaller  the 
original  volume  of  all  the  parts  as  determined  by  their  tonus. 

The  greater  the  mean  tonus,  the  greater  is  the  volume  and  capacity 
for  work  of  a  hollow  organ  like  the  lungs  and  the  heart.  The  more 
atonic  the  tissue  in  a  biologic  sense,  the  nearer  it  approaches  the 
physical  state  of  equilibrium,  and  the  less,  therefore,  the  possibility 
of  efficient  active  change  in  volume  which  is  the  basis  of  all  external 
visible  work. 

The  tissue  of  an  emphysematous  lung  and  of  an  atonic  heart  are 
susceptible  of  physical  distention  by  external  forces.  The  volume  is 
increased  when  heavier  weights  are  applied,  and  contracts  to  a  corre- 
sponding degree  after  the  weight  is  removed.  On  the  other  hand,  it  is 
not  susceptible  to  the  increased  influence  of  the  inner  (intermolecular) 
forces  which  form  the  basis  of  the  tonus  and  of  the  vital  process.  When, 
therefore,  the  power  inherent  in  the  molecules  of  living  tissue  of  attract- 
ing and  repelling  one  another  more  actively  within  a  certain  region  (organ) 
is  lost  or  diminished  (when  the  tissue  dies),  the  tissue  thus  affected  even 
during  life  tends  to  undergo  a  corresponding  augmentation  in  volume; 
but  this,  I  may  again  emphasize,  is  not  due  to  elasticity  under  the  in- 
fluence of  external  distending  forces,  but  merely  to  a  loss  of  the  greater, 
vital  power  of  attraction  possessed  by  the  molecules. 

Atony,  that  is  to  say,  loss  of  the  special  power  of  attraction  and 
repulsion,  which  forms  the  foundation  of  vital  processes,  is  therefore  not 
identical  with  distention,  which  is  effected  purely  by  external  forces ;  nor 
is  atony  identical  with  relative  enlargement  of  the  volume  of  an  organ 
due  to  the  loss  of  an  especially  active  tonus,  an  enlargement  which  not 
only  produces  a  greater  capacity,  but  also,  on  account  of  the  accompany- 
ing increase  in  the  active  energy  necessary  for  contraction,  becomes 
the  foundation  of  any  increase  in  work. 

In  the  heart  I  have  called  this  condition  hyperdiastole,*  in  the  lung 

*  O.  Rosenbach,  "  Die  Krankheiten  des  Herzens  und  ihre  Behandlung," 
Wien,  1893. 
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it  corresponds  to  volumen  pulmonum  auctum  inspiratorium  (inspiratory 
increase  of  the  pulmonary  volume).  Emphysema  or  its  precursor, 
volumen  pulmonum  auctum  pcrmanens  (permanent  increase  of  pulmonary 
volume),  is  comparable  to  atonic,  absolute  or  relative,  dilatation.  In 
the  former  case  the  alteration  is  not  due  to  the  functional  processes, — 
to  changes  in  force-production, — but  to  visible  and  in  part  structural 
changes,  the  especially  active  molecules  of  the  essential  tissue  being 
replaced  by  the  less  active  molecules  of  connective  tissue  (degeneration 
and  atrophy  of  the  parenchyma). 

Ill  emphysema  and  in  permanent  dilatation  of  the  heart  the 
tissue  is,  therefore,  not  overstretched  in  the  physical  sense,  nor  is  it 
to  be  regarded  as  relaxed  in  the  biologic  sense,  since  relaxation  means 
merely  a  temporar}'  and  not  a  permanent  loss  of  tonus.  It  is,  in 
fact,  atonic  and  asthenic,  that  is  to  say,  its  molecules  permanenth' 
lose  their  special  power  of  attracting  and  repelling  one  another,  or, 
in  other  words,  their  capability  for  the  greatest  degree  of  intermolecu- 
lar  work  wliich  characterizes  the  organism.  In  normal  and  excessive 
diastole  and  inspiration,  on  the  other  hand,  the  tissue  becomes  period- 
ically relaxed  by  a  loss  of  tonus,  but  not  distended  (hypertonia). 

In  yielding  tissues  such  as  the  normal  thoracic  walls,  wliich  by 
virtue  of  the  strength  of  their  mean  tonus  are  capable  of  considerable 
augmentation  of  volume  when  the  innervation  is  relaxed,  that  is  to 
say,  can  relax  T\itliout  becoming  distended, — in  a  word,  in  thoracic 
walls  of  normal  elasticitj^,  founded  on  perfect  tonus, — ^the  capacity 
of  the  thoracic  cavity,  and  hence  the  power  of  regaining  its  volume 
after  it  has  been  diminished,  is  especially  great.  In  youtliful  indi- 
^'iduals  the  pleural  ca^dt3^  accordingly  holds  comparatively  large 
masses  of  fluid  "without  becoming  markedly  distended,  or  losing  its 
power  of  contraction,  as  it  would  if  the  dilatation  were  to  last  for  some 
time.  T\lien  an  opening  is  made  in  the  thorax,  the  tonus  is  at  once 
restored  and  the  contents  are  completely  evacuated,  so  that  restitutio 
in  integrum  appears  comparatively  earl}^ 

To  recapitulate  once  more,  the  enlargement  of  the  thoracic  ca\ity 
may  occur  in  one  of  two  ways :  namely,  by  a  reflex  relaxation  of  the 
tonus  of  the  chest-wall,  as  during  the  accmiiulation  of  an  exudate; 
or,  as  in  emphj'sema,  by  an  inspiration  (maximum  contraction  of  the 
voluntary  muscles)  which  presupposes  abolition  of  the  tonus  of  the 
chest -wall  and  of  the  lung;  since  the  latter  favors  contraction,  or, 
in  other  words,  expiration. 

During  the  inflammatory  stage  of  an  exudate  ami:liing  which 
tends  to  excite  inspiration  is  therefore  harmful;  hence  forced  con- 
traction during  aspiration  is  to  be  avoided,  since  it  acts  as  a  maximum 
stimulus  to  the  inspiratory  muscles.  It  does  not  to  the  same  extent 
remove  the  inhibiting  stimuli  wliich  resist  the  expansion  of  the 
lungs,  and  certainly  does  not  tend  to  restore  the  expanding  power 
of  the  lungs  wliich  has  been  lost  through  local  inflammatory  and 
other  influences. 

Very  little  force  should  therefore  be  used  during  evacuation. 
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Under  such  circumstances  a  continuous  flow  or  the  late  appearance 
of  respiratory  changes  in  the  flow  (stoppage  during  inspiration)  are 
favorable  prognostic  signs,  while  a  sluggish  flow  and  marked  respira- 
tory changes  in  the  flow  occurring  early  indicate  insufficiency  of 
tonus  and  disturbance  of  the  relation  between  the  expanding  power 
of  the  lung  and  the  enlargement  of  the  thoracic  cavity  by  the  volun- 
tary inspiratory  muscles.  These  phenomena  also  prove  that  restitu- 
tion after  evacuation  of  an  exudate  is  brought  about  not  merely  by 
the  forces  of  elasticity,  but  principally  by  the  action  of  the  normal 
tonus. 

The  tonus  of  the  lung  in  general  works  in  a  contrary  direction  to  that 
of  the  chest-wall,  which,  by  fixing  the  layers  of  the  pleura  within  a  large 
cavitj^,  tends  to  favor  the  expansion  of  the  organ.  To  put  it  more  pre- 
cisely, the  tonic  innervation  of  the  lung  is  antagonistic  to  that  of  the 
chest-wall.  The  A^agus  which  controls  the  tonus  of  the  inspiratory 
thoracic  muscles  also  transmits  inhibitory  impulses  to  the  tonus  of  the 
lungs,  and  vice  versa.  While  the  lung  is  contracting  under  the  influence 
of  its  tonus,  the  chest-wall  is  relaxing,  and,  conversely,  while  the  lung 
is  relaxing,  the  inspiratory  muscles  are  beginning  to  contract,  that  is  to 
say,  are  exhibiting  the  greatest  degree  of  tonus.  The  contraction  of  the 
voluntary  muscles  of  inspiration  is  identical  ^Ndth  the  greatest  degree  of 
dilatability,  the  maximum  relaxation,  of  all  other  thoracic  structures, 
so  that  in  reality,  when  the  various  portions  of  the  pulmonarj^  system, 
which  are  under  reflex  influence,  are  working  together  under  normal 
circumstances,  the  tonus  of  aU  the  structures  which  form  the  true 
respiratory  apparatus  (the  lungs,  the  pleural  sacs,  and  the  constric- 
tors of  the  intercostal  spaces)  at  the  same  time  increases  and  dim- 
inishes, while  the  opposite  is  true  of  the  tonic  (contractile)  innervation 
of  the  voluntarj^  dilators  of  the  thorax.  Inspiratory  contraction  of  the 
muscles  must  be  preceded  or  accompanied  by  a  decrease  in  the  tonus 
of  the  lungs  and  of  the  chest-wall;  the  expiratory  relaxation  of  the  former 
must  be  accompanied  by  a  corresponding  increase  in  the  tonus  of  the 
latter. 

This  short  description  of  the  mechanism  of  normal  respiratory 
movements  and  the  same  movements  under  the  influence  of  an 
exudate  we  beheve  affords  a  better  explanation  of  the  somewhat 
complex  processes  which  enter  into  the  ciuestion  than  could  be  given 
by  merely  taking  into  consideration  the  purely  static  relations;  that 
is,  the  influence  of  forces  in  equihbrium.  If  one  were  to  disregard 
dynamic  influences  in  the  attempt  to  explain  the  peculiar  and  exact 
mechanism  of  respiration,  which  in  warm-blooded  animals  is  con- 
trolled by  the  vagus,  many  phenomena  would  remain  unexplained. 
The  action  of  this  nerve  especially,  wlfich  is  the  agent  of  tonic  innerva- 
tion, would  remain  shrouded  in  obscurit}'. 

As  a  rule,  it  is  therefore  not  necessary,  especially  in  recent  exudates, 
to  use  any  aspirating  apparatus  or  to  employ  any  method  requiring 
great  rarefaction  of  the  air,  because  the  proper  working  of  aspiratory 
evacuation  depends  on  the  power  of  the  lung  to  expand,  and  this 
advantage  is  lost  if  the  tissues  affected  by  the  morbid  inflammatory 
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irritation  of  the  pleura,  the  lungs,  the  clia])hrap;m,  and  the  chest- 
wall,  are  incapable  of  relaxing  or  increasing  their  tonus  to  a  degree 
corresponding  with  the  strength  of  the  aspiration  used. 

If  the  irritation  of  the  pulmonary  pleura  is  so  great  that  the  lung 
is  forced  by  its  tonus  to  contract  more  forcibly  than  usual,  forced 
aspiration  merely  gives  the  op])()rt unity  for  renewed  exudation.  For, 
since,  in  spite  of  evacuation  of  the  fluid,  the  inflammatory  irritation, 
which  is  partly  inherent  in  the  pleura  and  incites  contraction,  as  well 
as  the  effort  of  the  lung  to  contract  under  the  influence  of  this  irritant, 
persist,  further  opportunity  is  afforded  for  a  special  diminution  of 
internal  (intraplem-al)  pressure  resulting  in  the  production  of  a  still 
larger  capillary  space  either  in  spite  of,  or  because  of,  the  increased 
inspiratory  acti\'ity  of  the  thoracic  muscles  induced  by  the  excessive 
aspiration.  As  the  capillary  space  must  be  filled  whether  the  lung 
is  capable  of  expanding  or  not,,  a  renewed  transudation  or  exudation 
may  become  necessarJ^ 

Hence  it  does  not  take  a  teleologist  to  see  in  the  painful  expiratory 
movements  and  in  the  occurrence  of  cough  and  pulmonary  edema 
an  effort  to  bring  about  rapid  compensation  for  the  sudden  and 
forcible  removal  of  pressure  from  the  pleural  ca\aty;  or,  in  other 
words,  to  diminish  the  excessive  distention  of  the  lung. 

Accordingl}',  very  httle  force  should  be  used  in  aspiration,  and,  in 
contradiction  to  the  Aaews  expressed  by  myself  nearly  twenty  years 
ago,  when  I  placed  too  much  reliance  on  the  purely  mechanical 
explanation  of  the  process,  I  would  recommend  tapping  without 
aspiration  or  only  vAih  the  help  of  siphonage,  that  is  to  say,  using 
only  enough  pumping  action  to  overcome  the  resistance  of  the 
friction  in  the  cannula. 

It  is  always  possible  to  connect  this  siphoning  apparatus— if  it  does 
not  work  properly  because  the  flow  is  too  great  or  because  of  other 
obstacles  to  the  flow,  such  as  coagula,  shreds  of  tissue,  etc. — with  another 
apparatus  admitting  of  greater  aspiratory  force. 

In  order  to  avoid  or  at  least  to  minimize  these  disturbing  factors, 
I  would  recommend  the  use  of  a  large  cannula  at  the  outset.  The 
increased  rapidity  of  the  flow  afforded  by  a  cannula  of  larger  cahber 
more  than  compensates  for  the  slight  excess  of  pain  inflicted  by  the 
introduction  of  a  larger  instrument.  '\Mien  the  exudate  is  thick 
and  has  existed  for  some  time,  the  thickest  trocar  that  can  be  con- 
veniently introduced  between  two  ribs  should  be  employed. 

(b)  Aspirating  Apparatus. — The  aspirating  apparatus  of  Mosler- 
Peiper  ^^  consists  either  of  voluminous  syringes  or  of  large  receptacles 
in  which  the  air  can  be  rarefied  at  will,  as  in  an  air-pump,  by  means 
of  a  syringe  pro\dded  with  valves.  Those  in  commonest  use  to-day 
are  Dieulafoy's  aspirator  and  Potain's  apparatus  (Rasmussen's 
bottle),  both  of  which  are  XQry  exact  in  their  results  and  eas}''  to 
manage.  In  many  if  not  in  most  cases  evacuation  can  be  effected 
by  means  of  a  simple  fountain  s}Tinge  (a  funnel  and  rubber  tube 
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connected  to  a  trocar),  which  is  first  filled  with  an  antiseptic  solution 
and  then  immersed  in  a  vessel  containing  a  similar  solution  (Ewald/^ 
Risel/^  Goltdammer/^  and  others).  Pleuritic  exudates  can  also  be 
aspirated  by  means  of  a  rubber  ball  (Rosenbach  ^  and  Unverricht). 

Fiirbringer,  ^  ^  starting  out  with  the  assumption  that  in  certain  cases 
of  pleurisy  a  stronger  degree  of  aspiration  is  indispensable  and  a  simple 
fountain  syringe  does  not  always  suffice,  constructed  an  apparatus  which 
was  intended  to  combine  the  advantages  of  a  fountain  syringe  with  the 
necessary  degree  of  aspiration,  which  is  susceptible  of  accurate  measure- 
ment. In  simple  cases  I  have  made  a  kind  of  fountain  syringe  with  the 
rubber  tubes  from  Potain's  apparatus,  and  when  a  stoppage  occurred  in 
the  flow,  connected  it  with  a  vacuum  bottle,  which  can  be  done  in  a 
moment  and  without  any  difficulty. 

Revilliod  claims  to  have  used  a  rubber  siphon  with  a  rubber  ball  in 
its  continuity  to  some  advantage  in  the  treatment  of  purulent  pleurisy. 

Judging  from  personal  experience,  I  do  not  think  it  is  very  important 
whether  the  capillary  trocar  or  the  aspirating  needle  is  used,  although 
the  latter  is  said  to  be  capable  of  producing  dangerous  comphcations  by 
injuring  the  lung  or  the  diaphragm  if  the  patient  is  restless.  Although 
this  is  a  mere  theoretic  possibility,  and  thousands  of  punctures  have 
been  performed  in  practice  with  the  aspirating  needle  without  any  bad 
results,  it  is  always  better  to  choose  a  trocar  for  the  operation,  on  ac- 
count of  the  possibility  of  removing  any  obstruction  in  the  cannula,  such 
as  fibrin-clots  or  shreds  of  pus,  by  the  simple  procedure  of  inserting  the 
stylet.     Potain's  and  Frantzel's  trocar^^  a^j-^(j  Xa]^|gj.'gi2  jj^g^j-^jj^gj^-j- o^j-g 

excellent  contrivances  which  answer  every  requirement  because  they  are 
easy  to  handle,  and  with  its  use  the  possibility  of  entrance  of  air  into 
the  pleural  sac  is  reduced  to  a  minimum.  Kahler's  instrument  consists 
of  a  small  aspirating  syringe,  which,  instead  of  the  ordinary  needle,  car- 
ries a  so-called  capillary  trocar-cannula  possessing  a  lateral  opening  closed 
with  an  air-tight  stop-cock  and  a  stylet  which  is  connected  with  the 
piston  of  the  syringe.  Another  good  instrument  is  Fiedler's  double 
trocar,  a  hollow  needle  with  a  movable  cannula  inside  which  can  be 
thrust  forward  after  the  puncture  has  been  made  and  thus  renders  the 
point  of  the  instrument  harmless. 

(c)  Method  of  Performing  Puncture. — In  performing  puncture 
cerebral  anemia  will  best  be  avoided  by  placing  the  patient  in  the 
dorsal  position  with  the  shoulders  slightly  raised,  or  in  an  oblique 
(lateral)  position  with  the  affected  side  somewhat  higher  than  the 
healthy  side.  The  sitting  posture  is  less  desirable.  It  is  an  error 
to  suppose  that  the  sitting  posture  is  preferable  because  the  fluid 
in  tha^t  position  gravitates  to  the  bottom,  and  thus  facilitates  com- 
plete evacuation,  since  the  possibility  of  evacuation  depends  less 
on  the  hydrostatic  pressure  of  the  column  of  fluid  than  on  the  pres- 
sure and  tension  in  the  lungs  and  thoracic  walls.  Besides,  the  erect 
position  involves  certain  disadvantages,  such  as  increased  muscular 
exertion,  especially  of  the  diaphragm,  and  diminished  blood-supply 
to  the    brain.     The  coughing   paroxysms  which  often  disturb  the 
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operation  are  less  apt  to  occur  in  the  dorsal  than   in   the  erect 
posture. 

If  the  flow  becomes  arrested,  a  slight  cliange  in  the  direction  of  the 
cannula  or  in  the  patient's  position,  or  asking  the  patient  to  cough  once 
or  twice,  will  suffice  to  re-establish  the  flow.  It  is  always  a  good  plan 
to  interrupt  the  flow  from  time  to  time  by  closing  the  stop-cock. 

As  regards  the  yoinl  of  insertion  of  the  needle,  the  region  between 
the  median  and  anterior  axillary  lines  in  the  fifth,  sixth,  or  seventh 
intercostal  space  on  the  left,  or  the  sixth  and  seventh  on  the  right 
side  is  recommended.  If  this  area  is  chosen,  there  \\\\\  be  very 
little  clanger  of  wounding  other  organs,  especially  the  diaphragm. 
In  any  case,  except  when  there  is  a  very  large  exudate,  it  is 
best  not  to  make  the  puncture  too  near  the  lower  border  of  the 
lungs,  as,  owing  to  the  rapid  rise  of  the  diaphragm,  the  cannula 
becomes  considerably  displaced  as  soon  as  a  small  quantity  of  the 
exudate  has  been  evacuated. 

Puncture  can  also  be  made  in  the  hack,  particularly  when  the 
exudate,  on  account  of  adhesions,  does  not  extend  far  beyond  the 
posterior  axillary  line  in  front,  and  is  boimded  by  an  abruptly  de- 
scending line  in  the  lateral  wall  of  the  thorax.  In  such  cases  we  are 
forced  to  operate  with  the  patient  in  the  sitting  posture,  because  the 
oblique  position  usually  interferes  too  much  vdth.  the  expansion  of 
the  healthy  kmg.  .  The  patient  should  be  supported  by  an  assistant 
and  should  be  given  a  stimulant  during  the  operation. 

The  same  precautions  are  to  be  observed  in  puncturing  the  thorax 
as  in  opening  any  other  part  of  the  body.  The  instruments  must  be 
carefully  cleansed  and  examined  to  see  that  thej^  are  in  proper  work- 
ing order,  particular  care  being  had  that  the  stop-cocks  are  properly 
closed.  The  skin  should  first  be  carefulh'  cleansed  and  the  instru- 
ment inserted  in  the  middle  of  the  intercostal  space  so  as  to  avoid  the 
ribs. 

If,  as  never  ought  to  happen,  the  trocar  strikes  against  the  rib, 
it  should  at  once  be  "withdrawn  and  inserted  in  another  place;  for, 
although  it  is  possible  to  insert  the  instrument  obliquely  into  the 
intercostal  space  by  gliding  past  the  lower  border  of  the  rib,  the  pro- 
cedure gives  the  patient  unnecessary  pain,  and,  on  account  of  the 
oblique  course  of  the  cannula,  interferes  with  the  flow  of  the  exudate. 

Sometimes  a  costal  pleura  offers  so  much  resistance  that  the  operator 
■  thinks  he  has  struck  a  rib,  but  on  again  inserting  the  instrument  the  con- 
dition of  affairs  is  at  once  explained  if  the  same  difficulty  is  encountered ; 
greater  pressm-e  ■u'ill  then  be  required  and  the  instrument  will  pass  into 
the  pleural  cavity  without  any  difficulty.  After  a  little  practice  the 
operator  will  learn  to  distinguish  between  the  peculiar  resistance  presented 
by  the  pleiu-a  or  a  tensely  stretched  muscle  and  the  resistance  of  a  bone, 
and,  instead  of  withdrawing  the  trocar  after  the  first  insertion,  will 
simph"  exert  extra  force  to  push  it  through  the  thickened  pleura. 
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The  operation  should  be  performed  rapidly,  the  depth  to  which 
the  instrument  is  to  be  inserted  being  gaged  by  placing  the  index- 
finger  against  the  needle  after  the  tliickness  of  the  thoracic  wall  has 
been  estimated.  It  is  also  necessary  to  press  the  outer  end  of  the 
trocar  firmly  against  the  flat  of  the  hand  so  as  to  prevent  the  point 
from  being  thrust  into  the  cannula  when  the  puncture  is  made. 

Local  anesthesia  is  unnecessary  if  the  operation  is  performed  so 
rapidly  as  to  avoid  all  unnecessary  movements  and  convulsive  con- 
tractions. 

After  the  cannula  has  been  inserted,  the  operator,  before  proceed- 
ing with  the  evacuation,  should  satisfy  himself  that  it  is  freely  movable. 
The  cannula  should  be  held  during  the  entire  time  of  the  evacuation 
so  as  to  spare  the  patient  any  unnecessary  pain  and  prevent  its  slip- 
ping out  of  place.  It  also  enables  the  operator  to  satisfy  himself 
at  every  moment  that  the  cannula  is  freely  movable  and  to  deter- 
mine its  position  in  the  fluid  or  to  discover  any  collision  with  the 
diaphragm  or  the  lung.  Toward  the  end  of  the  operatioji  the  outer 
portion  of  the  trocar  should  be  gradually  raised  so  as  to  keep  the 
inner  opening  as  far  as  possible  below  the  level  of  the  fluid. 

If  anything  occurs  to  stop  the  flow,  the  stop-cock  should  be  closed 
and  the  direction  of  the  cannula  slightly  altered;  any  attempt  to  over- 
come such  an  obstacle  by  forced  aspiration  is  a  grave  technical  error, 
as  it  may  easily  lead  to  laceration  of  the  pulmonary  tissue. 

Evacuation  may  be  continued  as  long  as  the  fluid  continues  to 
flow  readily  and  there  are  no  symptoms  of  collapse,  no  excessive 
cough,  cerebral  anemia,  or  palpitation  of  the  heart.  I  have  rarely 
evacuated  more  than  1500  c.c,  though  of  course  there  are  cases 
where  greater  quantities  can  be  evacuated  without  any  difficulty. 
As  soon  as  the  patient  begins  to  cough,  especially  if  he  expectorates  a 
frothy  sputum,  I  always  stop  the  evacuation  either  temporarily  or 
permanently. 

It  is  well  to  give  the  patient  small  quantities  of  antispasmodics 
during  the  puncture. 

When  the  evacuation  is  deemed  sufficient,  the  trocar  must  be 
removed  as  rapidly  as  possible  after  giving  the  patient  due  warning; 
an  unexpected  withdrawal  tends  to  frighten  him.  The  small  wound 
is  then  closed  with  adhesive  plaster  or  collodion.  A  slight  oozing  of 
fluid  occurs  very  rarely  and  does  no  harm.  The  entrance  of  a  small 
amount  of  air  into  the  pleural  sac  is  of  no  importance,  and  not  rarely 
occurs  in  spite  of  all  precautions  if  the  assistants  are  somewhat 
careless  or  the  rubber  tubes  are  torn  loose  from  the  joints. 

In  using  the  aspirating  bottle  it  is  important  to  see  that  the 
syringe  is  properly  put  on,  so  as  to  avoid  compressing  the  air  in  the 
bottle  instead  of  rarefying  it  with  the  first  strokes  of  the  piston. 
Before  proceeding  with  the  operation  it  is  therefore  well  to  see  that 
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the  proper  valve  of  the  syringe  coniiiiunieiites  with  the  bottle  and 
that  all  the  connections  arc  firmly  in  position. 

To  avoid  too  rapid  evacuation  of  very  largo  exudates  Lewaschew^^ 
has  proposed  the  following  ))rocedure.  lie  evacuates  only  a  portion  of 
the  exudate  and  immediately  introduces  a  sterile  0.7%  salt  solution; 
this  he  again  evacuates,  and  repeats  this  process  until  the  exudate 
is  practically  replaced  by  normal  salt  solution,  which  is  said  to  be  easily 
and  completely  absorbed  even  when  the  inflammation  is  recent.  For 
my  part,  I  strongly  advise  against  any  such  procedure,  as  I  have  found 
that  the  introduction  of  sterilized  solutions  tends  to  increase  the  irritation 
of  the  pleura  and  furthers  suppuration  or  putrefaction.  Nor  can  I  see 
any  advantage  in  substituting  normal  salt  solution  for  a  serous  exudate 
in  cases  where  the  endothelium  is  not  capable  of  absorption,  or  where 
the  hyperemia  jiroduccd  b}-  a  maximum  irritation  lays  impossible  de- 
mands on  the  activity  of  the  tissue. 

The  after-treatment  obviously  depends  entirely  on  the  result  of 
the  operative  intervention.  If  the  exudate  rapidly  reaccumulates 
and  is  attended  by  a  marked  rise  of  temperature,  the  patient  must 
be  treated  according  to  the  above-mentioned  therapeutic  principles. 
If  there  is  no  renew^al  of  the  exudate  and  the  other  symptoms  im- 
prove, sj^stematic  breathing  exercises,  outdoor  exercise,  a  strengthen- 
ing diet,  and  hijdrotJierapeutic  measures  should  be  employed  as  soon 
as  possible.  Such  cases  are  greatly  improved,  if  the  season  of  the 
year  permits,  by  a  sojourn  in  appropriate  health  resorts  or  at  the 
seashore. 

(d)  Unfavorable  Accidents  during  and  after  Evacuation. — By 
obser\dng  the  above-mentioned  precautions  it  is  usually  possible  to 
avoid  the  occurrence  of  stenocardia!  attacks,  edema  of  the  lungs, 
and  large  hemorrhages  from  deposits  in  the  pleural  ca^dty  or  super- 
ficial foci  in  the  lung,  whicn  are  caused  usually  by  too  rapid  removal 
of  pressure  from  the  surface  of  the  lung,  and  only  in  rare  cases  by 
brittleness  of  the  vessels  in  the  pleural  deposits.  When,  however, 
profound  changes  in  the  lungs,  such  as  gangrenous  foci,  cavities,  and 
emphysema,  are  present,  even  the  most  scrupulous  care  wdll  not 
always  succeed  in  avoiding  rupture  of  the  tissue. 

It  is  not  always  possible  to  oversee  and  guard  against  the  pos- 
sibility of  congestive  and  edematous  conditions  being  produced  in 
the  tissue  of  the  lungs  by  the  sudden  hyperemia  of  the  blood-vessel 
following  evacuation,  especially  when  the  lungs  have  long  been  in  a 
condition  of  atelectasis;  but  if  evacuation  is  carefully  performed  and 
the  first  symptoms  of  congestion  are  attended  to,  these  unpleasant 
consequences  can  be  reduced  to  a  minimum. 

Especial  care  is  required  to  prevent  the  development  of  distressing 
cough  with  expectoration  of  tough,  frothy  mucus  accompanied  by  a 
kind  of  collapse.  Severe  cough  is  a  positive  sign  of  marked  hypere- 
mia, while  only  slight  attacks  of  coughing  without  expectoration 
or  dvspnea  merely  indicate  that  the  lung  has   become  completely 
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filled  mth  air.  A  certain  degree  of  inflation  of  the  lung  acts  as 
a  strong  expirator}^  stimulus,  that  is  to  say,  it  liberates  nervous 
impulses  which,  as  Hering  and  Breuer  have  shown  by  their  well- 
known  experiments,  favor  the  contraction  and  decongestion  of  the 
lungs,  or,  in  other  words,  give  rise  to  forced  expiratory  movements  and 
attacks  of  cough.  Such  paroxysms  of  cough  therefore  incUcate  that 
the  pressure  has  been  sufRcientl}^  released  from  the  lung  and  that  the 
Imig  tissue  is  unable  to  respond  to  the  excessive  inspirator}^  stimuli 
by  expanding  in  an  equal  degree,  but  is  forced  to  undergo  contraction 
by  means  of  expiratory  movements.  A  moderate  amount  of  cough- 
ing may  safely  be  disregarded,  as  it  merely  contributes,  by  raising  the 
intrabronchial  pressure,  to  the  expansion  of  the  lungs ;  if  it  becomes 
troublesome  to  the  patient,  it  can  always  be  controlled  by  hypo- 
dermic injections  of  small  doses  of  morphin.  Attacks  of  greater  inten- 
sity and  duration,  unless  they  occur  in  unusually  irritable  individ- 
uals, should  alwaj'S  be  regarded  as  the  signal  and  precursor  of  active 
congestive  hyperemia  and  edema  of  the  lungs.  It  is  a  symptom  of 
such  alarming  gravity  that  the  operation  should  immecUately  be 
terminated,  particularly  when  it  manifests  itself  after  a  considerable 
amount  of  exudate  has  already  been  evacuated. 

The  symptoms  of  hyperemia  and  edema  may  occur  in  the  healthy 
or  in  the  diseased  lung,  or  in  both  limgs,  and  may  lead  to  a  fatal 
termination  with  increasing  dyspnea  and  cardiac  weakness. 

The  so-called  albuminous  expectoration  after  thoracocentesis,  first 
described  by  French  authors  (Terrillon,^  Besnier,^  and  others)  and 
later  by  English  (Johnson,  Duffy)  and  German  observers  (Scriba^), 
has  a  certain  symptomologic  value  as  a  sign  of  pulmonary  conges- 
tion. It  indicates  the  development  of  edema  after  the  sudden  release 
of  a  compressed  lung,  and  is  attributed  by  Leichtenstern,  on  the 
strength  of  Cohnheim's  investigations,  to  a  nutritive  disturbance  in 
the  walls  of  the  vessels  secondary  to  long-continued  interference 
with  the  blood-suppl3^ 

As  may  be  seen  by  what  has  been  said  before  on  this  subject,  we 
do  not  believe  that  the  condition  is  due  to  a  true  nutritive  disturbance 
of  the  vessel-wall,  as  it  seems  to  us  that,  ovving  to  the  maximum  tonic 
relaxation — not  distention — of  the  vessels  which  suddenly  receive 
an  enormous  amount  of  blood,  the  interstices  of  the  tissues,  which 
under  normal  conditions  of  tonus  resist  the  passage  of  intact  blood- 
corpuscles  and  possibly  even  of  molecules  of  serum,  suddenly  open 
and  thus  bring  about  a  flooding  of  the  true  parenchyma  cells  from  the 
minute  lymph-paths  by  which  they  are  surrounded. 

The  maximum  relaxation  of  the  blood-vessels  is  of  course  accom- 
panied b}'  a  maximum  amount  of  work  on  the  part  of  the  protoplasm 
fining  these  lymph-spaces  to  their  utmost  capacity.  This  increase 
of  the  internal  local  work  necessarily  means  a  reduction  in  the  work 
of  transportation. 

If  fluid  is  passed  through  a  moderately  compressed  sponge,  the  move- 
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ment  -within  the  sponge  will  at  once  be  retarded  by  relaxing  the  com- 
pression of  the  sponge  and  thus  facilitating  the  reception  and  retention 
of  fluid  within  its  tissues.  In  other  words,  an  increase  in  the  internal, 
local  work  diminishes  the  amount  of  visible  external  work,  especially 
the  part  performed  by  an  organ  in  the  onward  movement  of  the  blood 
in  the  circulation.  The  increase  of  the  inner,  chemical  work,  which  is 
expressed  by  the  severity  of  the  local  infianmiation,  diminishes  the  amount 
of  general  chemical  work  for  the  purposes  of  the  organism;  that  is  to  say, 
the  greater  the  degree  of  inflammation  and  fever,  the  greater  the  impair- 
ment of  the  appetite  and  power  of  digestion.  Both  processes,  the  chem- 
ical and  the  physical  work,  exert  a  reciprocal  influence  on  one  another, 
since  the  completion  of  one  cycle  acts  as  a  stimulus  for  the  beginning  of 
the  other. 

When,  therefore,  a  sudden  increase  in  the  amount  of  blood  neces- 
sitates a  greater  local  activity  and  produces  a  temporary  (relative) 
inability  of  the  vessel-walls  and  of  the  protoplasm  in  the  parenchyma 
of  the  lung  (the  endothelial  cells)  to  effect  mechanical  removal  of 
the  blood,  the  amount  of  blood  in  the  suddenly-  expanded  lung  cannot, 
as  under  normal  conditions,  be  carried  back  to  the  circulation  through 
the  venous  channels.  The  overfilled  vessels  must  be  released  by  an 
increase  of  the  local  acti^dty  and  by  utilization  of  all  the  reserve 
spaces.  The  walls  of  the  vessels  relax  and  permit  a  large  mass  of 
material  to  pass  through  into  the  lymph-spaces  surrounding  the 
tissue,  whereas  under  ordinary  conditions  only  a  small  amount  of 
nutritive  material  sufficient  for  the  nutrition,  that  is  to  say,  the 
work  of  the  parts,  makes  its  escape  and  is  therefore  readily  carried 
off  by  the-  ordinar}'  channels. 

The  enormously  increased  acti\'ity  of  the  inundated  portions  of 
the  parench}Tna  therefore  adds  to  the  mass  of  lymph  which  accu- 
mulates whenever  the  power  of  transportation  is  lost. 

That  there  can  be  no  question  of  injury  to  the  vessel-wall,  in 
many  cases  at  least,  is  shown  b}^  the  fact  that  after  evacuation  has 
been  accomplished,— that  is,  large  masses  of  lymph  have  been  secreted 
-udth  the  production  of  intra-alveolar  and  interstitial  edema, — com- 
plete recovery  usualh'  takes  place.  Hence  this  increased  local  secre-" 
tion  of  hmiph,  like  excessive  salivation  after  irritation  of  the  chorda 
tympani,  cannot  be  regarded  as  a  sign  of  paralysis  of  the  ATSsel- 
wall  or  destruction  of  the  tissue. 

The  difference  between  edema  in  active  and  in  passive  hyperemia 
is  simply  that  in  the  former  case  there  is  a  relative  insufficienc}'  wdth 
a.  maximum  amount  of  arterial  blood,  and  in  the  latter,  an  abso- 
lute insufficiency  with  a  minimum  amount  of  arterial  blood.  In 
the  former  case  compensation  is  perfect!}'  performed  by  the  tissue 
because  the  lymph-spaces  are  open,  in  the  latter  compensation  fails 
because  the  venous  stasis  is  already  a  sign  of  the  great  increase  in 
local  actiAdty. 

Various  observers  have  attributed  the  occurrence  of  edema  to  the 
employment  of  aspiration,  but  this  view  cannot  be  correct  for  all  cases, 
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for  aspiration  under  very  low  pressure  and  forced  evacuation  are  not 
the  same  thing,  since  the  negative  pressure  can  and  ought  to  be  regulated 
and  modified  to  suit  the  conditions  of  the  particular  case. 

It  is  evident  that  too  rapid  and  copious  evacuation  of  an  exudate 
is  dangerous,  because  it  does  not  permit  of  a  correspondingly  rapid 
expansion  of  the  lung.  It  can  occur  only  when  forced  aspiration  is  em- 
ployed, and  does  not  follow  an  ordinary  evacuation,  which  is  practically 
brought  about  by  the  normal  pressure.  But  I  must  insist  once  more  that 
even  when  this  undesirable  event  takes  place,  it  is  not  the  result  of 
aspiration  itself,  but  of  an  incorrect  use  of  the  method  which,  in  the 
hands  of  an  expert  and  under  suitable  conditions,  is  absolutely  harmless. 
Edema  of  the  lung  has  not  rarely  been  observed  even  after  an  ordinary 
puncture  without  the  use  of  an  aspirating  apparatvis  or  with  the  em- 
ployment of  a  small  amount  of  hydrostatic  pressure. 

[The  subject  of  albuminous  expectoration  is  exhaustively  treated 
in  a  recent  article  b}"  Riesman,  w^ho  completes  the  literature,  w^hich 
includes  several  English  and  American  observers,  and  adds  a  case  of 
his  own. — Ed.] 

Too  many  repetitions  of  the  operation  when  the  indications  are 
not  perfectly  clear,  which  are  of  course  followed  by  rapid  reaccumu- 
lation  of  the  exudate,  produce  similar  unpleasant  results.  In  debili- 
tated and  irritable  persons  the  mere  introduction  of  the  trocar,  or 
even  the  preparator}^  procedures  alone,  may  lead  to  asthma  and  syn- 
copal attacks.  In  order  to  escape  censure  in  this  respect  one  should 
strictly  adhere  to  the  rule  which  I  have  given  above,  and  immedi- 
ately stop  the  flow  or  even  terminate  the  operation  whenever  any 
alarming  symptoms  of  weakness  make  their  appearance  or  the 
patient  begins  to  cough  ^dolently  and  persistently. 

If  the  exudate  reaccumulates  to  the  same  level  immediately  after 
evacuation,  some  time  should  elapse  before  puncture  is  again  resorted 
to.  If,  on  the  other  hand,  the  exudate  increases  slowly  and  only 
reaches  a  moderate  degree,  evacuation  may  again  be  resorted  to  after 
a  few  days,  and  is  then  as  a  rule  followed  by  permanent  recovery. 

Evacuation  of  the  exudate  by  means  of  puncture,  in  addition  to 
its  curative  value  possesses  some  importance  from  a  diagnostic  and 
prognostic  point  of  idew,  since  the  actual  condition  of  the  tissue  and 
function  of  the  lungs  can  be  properly  ascertained  only  after  the 
exudate  has  been  removed.  A  focus  in  the  lung  is  often  discovered 
which  before  had  escaped  detection,  either  because  it  was  covered 
up  by  the  exudate  or  because  the  lung  is  able  to  functionate  more 
perfectly  and  the  auscultatory  and  percutory  phenomena  therefore 
become  more  distinct.  After  the  evacuation  of  an  exudate  the  apex 
not  infrequently  shows  catarrhal  phenomena  or  other  important 
changes  in  the  respiratory  murmur  which  point  to  the  presence  of 
deeper  alterations  in  the  tissue. 

The  evacuation  of  the  exudate  is  not  infrequently  followed  by  an 
increase  in  the  amount  of  sputum,  the  examination  of  which  may 
afford  valuable  positive  or  negative  information. 
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In  cases  of  carcinomatosis  of  the  pleura,  metastatic  tumors  have 
been  observed  in  the  wound  caused  by  the  cannula  (Unverricht). 

[Among  the  possible  sequels  of  thoracocentesis  Minciotti  mentions 
the  occurrence  of  pleuritic  urticaria,  supi)()sedly  due  to  the  removal  of 
the  uppei-  stratum  of  the  lluid  and  the  subsequent  concentration  of  the 
micro-organisms  and  their  products  in  the  remaining  fluid.  He  be- 
lieves that  the  early  appearance  of  such  an  eruption  indicates  the 
probability  of  rapid  absorption.* — Ed.] 

(e)  Incision  in  Failure  of  the  Exudate  to  undergo  Absorption. — 
When  the  absorbing  power  of  the  pleura  is  lowered  and  the  forma- 
tion of  dense  plates  appears  to  be  the  only  obstacle  to^  recovery, 
I  would  advise  incision  whenever  hectic  fever  or  any  distinct  varia- 
tions of  temperature  are  present. 

Even  when  there  is  only  a  suspicion  that  the  pleural  disease  rests 
on  a  tubercular  basis,  incision  is  indicated  unless  there  are  positive 
signs  of  marked  involvement  of  the  parenchyma,  the  more  so  if  we 
remember  the  very  satisfactory  results  which  follow  a  mere  explora- 
tory incision  without  any  mecUcation  in  tuberculous  peritonitis. 

If  the  complete  evacuation  of  the  exudate  and  the  entrance  of 
air  into  the  peritoneal  ca\ity  have  been  followed  by  good  results, 
even  in  diseases  of  tuberculous  nature,  more  may  be  expected  from 
thoracotomy  when  the  failure  to  undergo  resorption  is  due  merely 
to  the  formation  of  plates.  It  is  certainly  the  only  way  to  bring 
about  thorough  evacuation  and  gradual  separation  of  the  plates  and 
the  ultimate  expansion  of  the  not  yet  carnified  lung,  and  it  is  usually 
followed  by  an  improvement  in  the  temperature  and  in  the  local 
inflammatory  process.  If  the  lung  should  fail  to  expand  completely 
after  a  certain  time,  an  appropriate  osteoplastic  operation  on  the 
thoracic  wall  will  eventually  bring  about  recovery,  as  in  old  cases  of 
empyema  (see  page  961). 

We  conclude,  therefore,  that  whenever  a  serous  exudate  has 
reaccumulated  after  repeated  tappings  and  the  patient  shows  loss  of 
strength  with  abnormal  variations  in  temperature,  the  cutting  opera- 
tion is  to  be  urgently  ad^dsed,  and  we  are  con\anced  that  many  a  case 
can  be  cured  in  this  way  which  would  otherwise  inevitably  end  in 
gradual  loss  of  strength  or  in  tuberculosis.  [See  papers  of  S.  West. 
—Ed.] 

3.  TREATMENT  OF  SIMPLE  EMPYEMA. 

(a)  Choice  of  Methods. — While  all  the  authorities  agree  that 
■  under  certain  conditions  the  best  method  of  treating  a  serous  exudate 
is  found  in  puncture  with  moderate  aspiration,  the  question  whether 
puncture  in  the  form  of  permanent  aspiration  with  drainage,  after 
Biilau,  is  to  be  preferred  in  empyema  to  the  radical  cutting  operation 
is  still  the  subject  of  violent  controversy. 

Although  I  believe  that,  according  to  the  old  surgical  principle 
"uM  pus,  evacua/^  a  collection  of  pus  in  the  thoracic  cavity  is  always 

*  Gazctta  degli  Ospcdali,  November  10,  1901. 
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best  combated  by  means  of  the  radical  operation,  I  cannot  quite 
admit  the  correctness  of  the  observations  of  certain  trustworthy 
authors  who  afhrm  that  after  simple  puncture  with  irrigation  and 
the  employment  of  Biilau's  method  of  drainage  they  obtained 
complete  resorption  of  the  exudate,  and  shall  therefore  enumerate  the 
various  other  methods  proposed  instead  of  the  radical  operation. 

There  is,  in  fact,  a  great  temptation  to  substitute  for  operation 
by  incision,  which  both  for  the  layman  and  for  the  physician  possesses 
all  the  characteristics  of  a  major  operation,  a  more  simple  procedure, 
and  thus  avoid  anesthetization  and  the  troublesome  after-treatment. 

Although  the  fact  that  an  empyema  not  infrequently  undergoes 
absorption  after  simple  puncture  cannot  be  adduced  as  a  reason  for 
choosing  puncture  as  the  best  method  of  treatment,  it  cannot  be 
denied  that  in  weak  and  exhausted  individuals,  when  there  is  reason 
to  dread  the  effect  of  prolonged  anesthetization,  and  the  necessary 
assistance  cannot  be  had,  Biilau's  method,  which  certainly  fulfils  all 
other  therapeutic  requirements,  possesses  many  advantages  over  the 
cutting  operation,  especially  when  the  latter  is  combined  with  resec- 
tion of  the  ribs. 

The  choice  of  method  should,  however,  not  always  be  made  to 
depend  only  on  the  patient's  condition,  since  patients  in  a  very  weak 
state  sometimes  bear  the  cutting  operation  very  well  and  anesthetiza- 
tion is  not  absolutely  necessary  if  no  resection  is  done.  In  any  case, 
if,  after  the  methods  by  puncture  have  been  tried,  the  fever  does  not 
subside  and  the  s3^mptoms  do  not  show  a  marked  improvement, 
the  radical  operation  should  not  be  longer  delayed,  as  every  addi- 
tional day  diminishes  the  prospect  of  proper  expansion  of  the  lung 
and  increases  the  danger  of  complications. 

Hence  the  most  important  consideration  in  deciding  on  the  neces- 
sity of  operation  is  '' not  to  let  the  purulent  exudate  become  too  old" 
(Ewald).  And  I  am  inclined  to  adhere  to  this  principle  which  pre- 
supposes the  ability  to  make  an  early  diagnosis,  in  spite  of  the  claims 
of  certain  statisticians  (Rimeberg/^  Holsti^"*)  who  assert  that  exudates 
operated  on  during  the  first  month  require  a  longer  period  for  their 
recovery  than  those  w^hich  are  operated  on  later. 

As  the  individual  conditions  no  doubt  play  an  important  role  and 
the  ultimate  result  is  determined  by  the  etiology, — whether,  for  in- 
stance, one  has  to  deal  with  a  metapneumonic  empyema  or  with  an 
empyema  due  to  some  other  cause, — ^the  extent  of  the  disease,  and, 
finally,  the  circumstance  whether  it  is  a  primary  or  secondary  affec- 
tion, the  value  of  the  statistics  adduced  by  the  above-named  authors 
is  difficult  to  estimate  correctly.  The  facts  brought  forward  in  sup- 
port of  their  view  are  not  sufficiently  con\dncing  to  induce  me  to  give 
up  the  view  that  the  evacuation  of  an  empyema  ought  not  to  be 
delayed  for  any  length  of  time. 

Hence  the  importance  of  determining  by  an  early  exploratory 
puncture  the  nature  of  the  exudate,  its  position,  etc.,  and  if  there  are 
any  signs  of  its  being  a  purulent  exudate,  such  as  certain  typical 
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variations  in  tcniporatiire,  chills,  and  profuse  sweats,  not  to  allow 
one's  self  to  be  cloterrcd  from  again  resorting  to  the  entirely  harmless 
procedure  of  tapping  if  the  first  attempt  is  followed  by  a  negative 
result.  It  often  requires  three  or  four  punctures  and  a  cannula  of 
greater  length  and  larger  caliber  to  find  the  right  spot,  which  in- 
cidentally shows  where  to  perform  the  operation  (see  pages  895  and 
946J. 

As  regards  the  method  of  performing  the  cutting  operation  and 
the  after-treatment,  it  is  a  source  of  great  satisfaction  to  the  author^ 
that  the  views  expressed  by  him  in  the  second  edition  of  Eulenburg's 
"  Real-Encyklopadie  "  and  even  earlier  ^*  in  regard  to  operation  and 
after-treatment  of  empyema,  advocating  the  iodoform  treatment  and 
the  employment  of  two  large  drains  to  the  exclusion  of  irrigation, 
have  in  the  main — that  is,  barring  the  proposition  to  limit  resection 
of  the  ribs  to  a  few  cases — been  accepted  by  the  profession.  Irriga- 
tion has  now  been  generally  abandoned;  only  one  intercostal  space 
is  opened,  and  the  treatment  \\dth  iodoform,  first  recommended  by 
the  author  in  the  after-treatment  of  emp^^ma,  is  becoming  more 
and  more  general. 

[A  unique  observation  is  reported  by  Jacobi.*  In  a  case  of  pyo- 
thorax,  after  the  chest  had  been  opened  for  the  purpose  of  remo^dng 
the  pus  and  the  pleural  cavit}^  w^ashed  out,  a  profuse  hemorrhage 
occurred  from  numerous  bleeding  tufts  from  a  few  millimeters  to  one 
centimeter  in  diameter.  The  case,  which  ended  in  complete  recovery, 
was  neither  malignant  nor  tuberculous.  The  arteries  were  uninjiu-ed. 
—Ed.] 

Whether  a  rib  is  resected  or  a  simple  incision  made,  which  latter 
in  the  author's  experience  has  always  produced  the  most  satisfactory 
result  except  in  very  much  neglected  cases;  whether  the  incision  is 
made  at  the  deepest  part  of  the  pleiu-al  space ;  whether  the  incision 
is  to  be  followed  by  at  least  one  irrigation  with  an  antiseptic  solution, 
depends  on  circumstances  in  the  individual  case  and  cani;iot  be  de- 
termined by  an;/  general  rules.  . 

Very  narrow  intercostal  spaces,  multilocular  exudates,  adhesions, 
accumulations  of  pus  between  the  lobes  of  the  lung,  abscesses  which 
are  often  only  circumscribed — all  these  conditions  will  cause  the 
physician  to  stop  and  think,  and  force  him  to  modify  his  operation 
according  to  the  individual  case.  These  points  will  all  be  discussed 
more  in  detail  later  on. 

Biilau's  procedure,  as  described  by  Jaffe  ^^  andHertz,^^  consists  in 
combining  puncture  performed  under  strict  antiseptic  precautions 
with  permanent  aspiration.  At  the  time  of  puncture  a  Nelaton 
catheter  is  introduced  through  the  cannula,  and,  after  the  removal  of 
the  cannula,  secured  in  position  by  means  of  a  cotton  and  collodion 
dressing.  This  is  connected  with  a  long  rubber  tube  into  which  a 
piece  of  glass  tubing  is  fitted,  and  by  means  of  constant  siphonage 
the  accumulating  secretion  is  drained  into  a  vessel  containing  some 

*  Association  of  American  Physicians,  1901. 
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disinfecting  fluid.  The  low  degree  of  negative  pressure  (or  rather 
suction)  produced  in  this  way  offers  the  most  favorable  conditions  for 
the  gradual  expansion  of  the  lung  without  the  accession  of  air. 

Biilau's  method  has  been  received  more  favorably  by  clinicians  than 
by  surgeons;  it  has  recently  been  warmly  recommended  by  Leyden 
and  Bohland.^  ^ 

The  favorable  results  obtained  by  this  conservative  method  of  treat- 
ment in  suitable  cases  demand  its  more  extensive  use  in  private  practice, 
especially  when  there  is  reason  to  dread  the  effects  of  chloroform 
narcosis,  which  is  desirable  although  not  indispensable,  even  in  mere 
incision,  or  when  it  is  desired  to  avoid  a  sudden  evacuation  of  the  pus, 
or  when,  owing  to  a  misconception  of  the  facts,  the  entrance  of  air  into 
the  thoracic  cavity  is  feared. 

One  of  the  chief  disadvantages  of  Biilau's  method  is  the  necessity 
for  the  patient  to  maintain  the  dorsal  position  for  a  considerable 
length  of  time  until  the  secretion  has  become  much  diminished 
and  the  cannula  or  catheter  is  so  firmly  fixed  in  the  chest-wall  that  it 
will  not  be  dislodged  by  sudden  movements  of  the  body,  as  in  cough- 
ing or  sneezing.  Even  if  this  does  happen,  it  is  not  difficult  to  reintro- 
duce the  instrument,  but  the  accident  is  always  an  unfavorable 
complication  unless  the  physician  lives  quite  near  his  patient. 
The  method  also  has  the  disadvantage  that  large  shreds  of  tissue  or 
membranes,  which,  it  is  to  be  remembered,  are  much  less  rare  than 
is  stated  in  the  text-books,  with  difficulty  pass  through  the  nar- 
row cannula  and  are  apt  to  give  trouble  by  arresting  the  flow. 

Stoppage  of  the  cannula  or  of  the  tube  b}^  coagula  is  best  avoided 
bj^  adopting  A.  Fraenkel's  ^  ^  suggestion  of  attaching  a  T-shaped  piece 
of  glass  tubing  to  the  drainage-tube  in  the  thorax  and  connecting  the 
free  ends  with  two  rubber  tubes,  one  of  which  acts  as  a  drain  while  the 
other  is  used  only  when  stoppage  occurs.  In  that  event  the  drainage- 
tube  is  cut  off  by  a  pinch-cock  where  it  leaves  the  thorax  and  an  anti- 
septic solution  introduced  through  one  of  the  free  ends  which,  as  it 
flows  out  at  the  other,  carries  with  it  any  coagula  that  may  obstruct  it, 
after  which  any  coagula  in  the  large  drainage-tube  may  be  washed 
out  by  removing  the  pinch-cock. 

The  method  of  Bdlz  and  Kashimura  ^  ^  consists  in  an  attempt  to 
further  resorption  of  the  fluid  by  diluting  the  purulent  contents  of  the 
pleural  cavity  with  antiseptic  solutions  until  the  fluid  comes  away  clear. 
The  exudate  is  first  evacuated  by  means  of  a  double  trocar  provided  "with 
two  rubber  tubes,  through  which  the  antiseptic  solution  is  then  intro- 
duced. The  procedure  is  repeated  at  stated  periods  until  the  exudate 
is  absorbed. 

Senator  ^  ^  has  proposed  a  similar  plan.  Instead  of  evacuating  all 
of  the  purulent  fluid,  he  removes  a  part  of  it  by  means  of  aspiration  and 
injects  a  warm  antiseptic  solution,  believing  that  by  diluting  the  pus 
it  will  be  more  apt  to  undergo  absorption. 

To  recapitulate  once  more,  we  have  three  methods  of  treating 
empyema,  each  of  which  has  its  adherents  and  its  advantages,  and, 
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as  Leyden  says,  we  are  fully  justified  in  choosing  one  of  these  three 
methods  according  to  the  indi\idual  conditions  of  a  particular  case, 
and  oiu"  own  inclination.  The  most  conservative  of  these  three 
methods  is  puncture,  especially  as  represented  by  Biilau's  siphon- 
drainage  or  puncture  with  irrigation;  next  comes  simple  incision  with 
the  introduction  of  drainage-tubes  which  shortly  after  the  operation 
facilitate  evacuation  of  the  pus  from  the  deepest  parts  and  later 
assist  in  maintaining  a  permanent  opening  in  the  thoracic  wall. 
The  most  complicated  proceeding  is  the  radical  operation,  which 
includes  resection  of  one  or  two  ribs  and  cannot  be  performed  without 
anesthetization  and  skilled  assistants. 

While  I  am  led  by  m}-  experience  to  advocate  free  opening  of  the 
pleural  cavity  by  means  of  an  incision,  it  seems  to  me  that  among 
the  methods  of  puncture  Biilau's  procedure  is  the  best,  as  by  its 
employment  the  fluid  is  evacuated  in  accordance  with  the  conditions 
of  pressm'e  within  the  pleura.  It  does  not  force  the  lung  to  expand 
with  excessive  rapidity,  nor  does  it  tend  to  limit  expansion  after  it 
has  been  attained  by  the  introduction  of  a  foreign  medium  (gaseous 
or  fluid).  It  does  not  introduce  a  new  irritant  into  the  pleural  cavit}^, 
nor  does  it  affect  the  healing  process  in  any  way  that  does  not  corre- 
spond to  individual  conditions. 

Biilau's  procedure  imitates  the  conditions  which  obtain  when  an 
abscess  ruptures  spontaneously,  and  is  even  more  effective,  since  it 
maintains  a  permanent  opening  in  the  abscess.  Nevertheless  I  would 
always  ad\dse  against  the  use  of  the  method  if  there  are  large  shreds 
of  membrane  which  cannot  be  evacuated,  if  the  patient  is  distressed 
by  the  enforced  position,  if  the  pus  becomes  fetid,  or  the  exudate  does 
not  disappear  wdthin  a  reasonable  time.  Under  such  conditions  the 
wound  should  be  opened  -wdthout  delay,  a  thick  drainage-tube  in- 
troduced, and  the  typical  operation  by  incision,  if  necessary  com- 
bined with  resection,  resorted  to. 

(b)  The  Radical  Operation. — ^There  can  be  no  doubt  in  any  physi- 
cian's mind  that  the  complete  cure  of  an  empyema  includes  not  only 
the  removal  of  the  suppuration,  but  also  the  approximate  restoration 
of  the  normal  functions  of  the  lung.  But  as  this  result  depends  on  a 
number  of  factors, — (1)  the  tonas,  the  elasticity  and  distensibility 
of  the  organ;  (2)  the  movability  of  neighboring  structures,  especially 
the  ribs  and  muscles  of  the  thorax;  and  (3)  the  state  of  the  irritative 
process  \\ithin  the  pleura  which  determines  secretion  and  absorption, 
— it  is  difficult,  if  not  impossible,  to  estimate  directly  the  comparative 
values  of  the  various  methods  of  operation,  the  application  of  which, 
according  to  statistics,  varies  greatly  in  indi\'idual  cases. 

In  children  and  young  persons,  in  metapneumonic  empyemas, 
in  any  case  where  the  presence  of  a  purulent  exudate  is  diagnosed 
early,  any  method  which  affords  free  outlet  to  the  pus  v^ill  probably 
prove  successful.  Hence  a  method  wliich  fields  favorable  results 
in  such  cases  cannot  be  expected  to  prove  equally  successful  in  elderly 
persons  -udth  partially  ossified  thorax,  in  emphysema,  in  the  presence 
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of  inflammatory  processes  in  the  lung  or  neighboring  organs,  or  in 
badly  neglected  cases. 

Unless  the  material  is  carefully  sifted  according  to  the  peculiarities 
of  individual  cases,  a  general  statement  such  as  we  frequently  meet 
with,  that  one  method  which  fails  to  cure  after  months  of  treatment 
is  necessarily  inferior  to  another  which  proves  successful  after  only 
six  weeks,  is  of  very  little  value.  It  goes  without  saying  that  a  method 
employed  after  the  disease  has  lasted  for  some  time  offers  much  less 
chance  for  recovery  than  one  which  is  employed  immediately  after 
the  formation  of  the  empyema,  simply  because  in  the  former  case  the 
lung  has  lost  the  power  of  expanding. 

To  construct  a  table  of  comparative  statistics,  therefore,  only 
cases  of  apparently  similar  character,  course,  and  duration  should  bo 
utilized,  and  it  must  not  be  forgotten  that  the  most  important  factors 
in  the  statistics  are  the  nutrition  and  general  sanitary  conditions  of 
the  patient  before  the  development  of  the  disease,  and  the  time  when 
the  patient  first  comes  under  the  care  of  the  physician. 

Operation  by  Simple  Incision. — We  shall  first  proceed  to  de- 
scribe the  simplest  proceeding  which  we  have  found  successful  in  a 
series  of  cases.  It  is  a  procedure  that  is  always  proper  unless  the 
disease  has  lasted  so  long  as  to  produce  irreparable  disturbance  in  the 
mechanism  of  the  lung  or  some  marked  alterations  in  the  architecture 
of  one-half  of  the  thorax,  such  as  complete  obliteration  of  the  inter- 
costal spaces  by  the  approximation  or  superimposition  of  the  ribs. 

The  operation  should  properly  be  performed  under  chloroform 
narcosis,  though  I  have  sometimes  operated  without  anesthesia  when 
the  patient  was  very  weak  or  indicatio  vitalis  existed.  The  anesthesia 
in  the  operation  by  simple  incision  need  not  be  profound,  since  the 
division  of  the  intercostal  space  and  the  introduction  of  drainage- 
tubes  can  easily  be  performed  in  two  or  three  minutes. 

As  regards  the  employment  of  local  anesthesia  to  avoid  chloroform 
narcosis,  I  cannot  speak  from  experience.  I  have  no  doubt  the  opera- 
tion could  be  performed  under  local  anesthesia,  and  its  application  may 
be  very  desirable  in  order  to  dispense  with  chloroform  narcosis. 

Technic. — ^The  incision,  imless  there  is  an  empyema  necessitatis 
should  be  made  in  the  fourth,  jBfth,  or  under  special  conditions  in 
the  sixth,  intercostal  space.  The  incision  should  begin  at  the  nipple 
or  anterior  axillary  line  and  be  carried  at  least  two  inches  outward. 

It  is  of  the  greatest  importance  to  make  the  incision  as  broad  as 
possible,  both  to  afford  a  free  outlet  for  the  pus  and  to  allow  the 
fingers  to  be  introduced  into  the  thoracic  cavity  for  the  pm*pose  of 
breaking  up  and  removing  the  false  membranes  which  tend  to  retard 
healing.  This  manipulation,  which  has  recently  been  again  recom- 
mended by  surgeons  (Konig),  is  said  by  many  observers  greatly  to 
facilitate  rapid  and  complete  recovery. 

In  general,  the  interference  with  recovery  by  these  membranes  does 
not  appear  to  me  to  be  very  great;  I  have  seen  prompt  recovery  take 
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place  in  quite  a  series  of  cases  where  there  were  numerous  thick  mem- 
branous deposits  which  were  not  removed  mechanically  and  had  not 
later  come  away  of  their  own  accord.  It  seems  probable,  therefore, 
that  they  are  broken  up  into  minute  shreds  within  the  pleural  cavity 
or  dissolved  by  the  pus  and  escape  in  that  form. 

Avoiding  the  larger  venous  trunks,  we  divitle  the  skin  and  first 
layer  of  the  superficial  fibers  of  the  intercostal  mascles  layer  by  layer, 
and  cut  through  the  deepest  layer  of  the  pleura  with  a  bistoury, 
whereupon  the  pus  bursts  forth  in  a  steady  stream.  Inmiediately 
after  introducing  the  bistoury  the  wound  should  be  widened,  either 
to  the  right  or  to  the  left,  the  knife  being  held  in  a  perpendicular 
position.  The  pus  is  prevented  from  discharging  too  rapidly  by 
introducing  one  or  two  fingers  into  the  thoracic  wound,  so  as  to  avoid 
too  sudden  alterations  of  pressure  within  the  thorax. 

The  deep  layers  of  tissue  should  be  rapidly  divided,  as  this  shortens 
the  operation  materially;  there  is  no  danger  whatever  of  wounding 
a  vessel  at  this  depth. 

Leyden  has  devised  a  special  instrument — the  thoracotome — which 
by  means  of  a  spring-blade  enables  the  operator  to  divide  the  soft  parts 
at  one  sweep. 

The  chief  objects  to  be  aimed  at  in  the  operation  are  to  afford 
the  freest  possible  outlet  for  the  pleural  secretion  and  to  prevent 
decomposition.  These  objects  are  best  attained,  as  in  the  case  of 
abscesses,  by  allo^vdng  free  play  to  the  natural  factors  which  favor 
the  expansion  of  the  Imig  and  the  action  of  the  thoracic  muscles, 
and  by  avoiding  any  manipulations  within  the  plem-al  ca^'ity  which 
only  act  as  irritants  and  retard  the  healing  process.  In  most  uncom- 
plicated cases  all  that  is  required,  therefore,  is  to  make  a  sufficiently 
large  opening  to  secure  complete  evacuation  of  the  entire  ca\ity 
dming  the  first  one  or  two  weeks;  that  is,  until  the  time  when  com- 
plete expansion  of  the  lung  is  sure  to  have  taken  place. 

All  these  incUcations  are  sufficiently  met  by  introducing  two 
drainage-tubes  8  to  lo  cm.  long,  taking  care  that  the  inner  extremity 
does  not  rest  against  the  thoracic  wall,  the  lung,  or  the  diaphragm. 
For  adults  the  tube  should  be  about  the  size  of  the  little  finger,  the 
caliber  being,  of  course,  varied  to  suit  individual  conditions. 

We  adv-ise  the  introduction  of  two  drainage-tubes  immediately 
after  operation,  both  because  it  facifitates  the  evacuation  of  the  pus 
and  produces  a  larger  opening,  and  because  if  one  drainage-tube 
becomes  temporarily  obstructed,  the  evacuation  can  continue  tlu-ough 
the  other  one. 

The  openings  in  the  drainage-tube  should  be  fairly  large.  As  soon 
as  granulations  begin  to  form  in  the  canal,  however,  no  openings  need 
be  made  in  the  drainage-tubes,  as  the  granulations  would  only  grow 
into  the  openings,  and  not  only  occlude  the  lumen,  but  also  cause  hemor- 
rhage whenever  the  position  of  the  drainage-tube  is  changed. 

To  faciHtate  the  introduction  of  the  drainage-tubes  when  the  inter- 
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costal  spaces  are  very  narrow,  the  tubes  should  be  greased  with  vaselin 
and  the  inner  extremity  slightly  compressed  before  insertion.  I  am  in 
the  habit  of  dipping  them  in  iodoform  powder  after  the  vasehn  has  been 
put  on. 

The  outer  extremity  is  transfixed  by  a  large  safety-pin,  through 
which,  or  better  through  the  wall  of  the  drainage-tube,  a  thread  is 
drawn  and  secured  with  a  knot  after  being  passed  around  the  thorax. 
To  prevent  the  safety-pin  from  pressing  on  the  soft  parts,  a  packing 
of  small  pieces  of  cotton  smeared  with  vaselin  and  dusted  with  iodo- 
form is  interposed. 

That  the  rule  to  fix  the  drainage-tube  must  be  observed  even  in  the 
case  of  narrow  fistulas  or  an  apparently  closed  fistula  is  shown  by  a  case 
which  came  under  my  observation,  where  the  pleural  cavity  appeared 
to  be  completely  obliterated  except  for  an  oblique  fistula  10  cm.  in  length, 
into  which  an  elastic  catheter  of  the  same  length  could  with  difficulty 
be  introduced.  Although  the  purulent  discharge  was  so  slight  that  there 
appeared  to  be  no  doubt  of  the  fistula  being  closed  at  its  inner  extremity, 
a  drainage-tube  6  cm.  in  length,  which  had  not  been  secured,  sud- 
denly disappeared  completely  within  the  wound.  The  fistulous  tract 
had  to  be  laid  open  for  a  distance  of  almost  6  cm.  before  the  lower 
end  of  the  catheter  could  be  reached  and  the  foreign  body  removed 
with  a  pair  of  forceps. 

If  iodoform  is  used,  the  dressing  becomes  so  simple  that  any 
trained  nurse  can  be  trusted  to  attend  to  it,  as  there  appears  to  be  no 
necessity  of  excluding  the  air.  After  using  iodoform  for  some  time  I 
have  come  to  believe  that  it  accomplishes  the  object  sought  for  in 
the  treatment  better  than  any  other  medicament.  It  prevents  the 
secretions  of  the  wound  from  undergoing  decomposition  and  assists 
in  arresting  the  discharge  without  interfering  with  the  complete 
expansion  of  the  lung.  Even  a  putrid  exudate  can  be  rendered 
odorless  with  this  drug  in  a  very  short  time. 

vSince  1879,  when  I  used  iodoform  for  the  first  time,  I  have  given 
up  irrigation  of  the  pleura.  This  procedure  appears  to  me  to  be 
positively  harmful,  as  it  renders  asepsis  within  the  cavity  an  im- 
possibility, favors  suppuration  and  putrefaction,  and  is  apt  to  lead  to 
intoxication,  as  is  shown,  for  instance,  by  the  rapid  appearance  of 
carbolic  acid  in  the  urine  after  irrigations  with  carbolic  acid;  and, 
lastl}^,  it  interferes  with  early  expansion  of  the  lung. 

The  dosage  and  the  intervals  between  the  applications  must  be 
regulated  by  individual  indications.  In  simple  uncomplicated  cases 
two  to  three  grams  will  suffice  during  the  first  three  or  four  days; 
later,  smaller  amounts  at  intervals  of  several  days,  when  the  dressing 
is  changed,  are  sufficient.  The  powder  may  be  directly  dusted  into 
the  pleural  cavity  or  it  may  be  introduced  by  smearing  the  drainage- 
tubes  with  vaselin  and  dipping  them  in  iodoform  so  that  the  powder 
is  carried  into  the  most  remote  portions  of  the  cavity.  After  the 
drainage-tubes  have  been  secured  with  safety-pins,  as  already  de- 
scribed, they  may  be  dusted  with  iodoform,  after  which  the  dressing, 
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consisting;  of  a  thin  layer  of  cotton  smeared  with  vaselin  and  a  thick 
pad  of  oakum,  is  applied,  covered  with  protective,  and  held  in  place 
with  a  wet  bandag;e  or,  better,  with  a  gauze  bandage.  When  the 
dressing  is  changed,  the  opening  is  again  dusted  with  iodoform  and 
a  dry  dressing  reapplied  without  any  other  precautions.  To  prevent 
the  safety-i)ins  from  pressing  on  the  wound  it  is  customary  to  inter- 
pose a  pad  of  cotton  smeared  with  vaselin. 

I  have  never  observed  any  symptoms  of  intoxication  due  to  iodoform 
absorption,  and  I  do  not  believe  that  the  powder  can  be  absorbed  when 
such  a  small  amount  of  it  is  used,  providing  evcr\'  opportunity  is  given 
the  pus  to  escape  from  the  pleural  cavity.  In  all  the  observed  cases 
of  iodoform  poisoning  absorption  ^^■as  unquestionably  due  to  the  fact  that 
the  powder  was  firmly  packed  into  the  wound  cavity.  Nevertheless,  it  is 
always  well,  even  when  the  drug  is  used  in  small  doses  and  ^^'ith  every 
precaution  to  prevent  mechanical  pressure, — that  is,  by  simple  dusting, 
— to  be  on  the  alert  for  the  first  appearance  of  the  symptoms  of 
iodoform  intoxication,  which,  as  is  well  known,  consist  of  changes  in  the 
voice,  elevation  of  temperatm'e,  and  mental  excitement. 

It  is  ob\'ioas  that  both  the  operation  and  subsequent  treatment 
have  to  be  modified  when  the  lung  tissue  is  diseased,  when  other 
complications  arise,  or  compression  has  lasted  too  long. 

One  should  never  neglect  to  keep  a  careful  record  of  the  teinpera- 
ture  during  the  period  of  after-treatment.  It  should  be  taken  three 
or  four  times  a  day,  because  the  smallest  degree  of  obstruction  is  im- 
niediatel}^  followed  by  a  change  in  the  general  condition,  loss  of 
appetite,  and  a  rise  in  temperature.  Even  a  slight  rise  in  tempera- 
ture— arid  when  the  temperature  is  generally  subnormal  a  tempera- 
ture of  37.4°  C.  (99.3°  F.)  to  37.5°  C.  (99.5°  F.)  is,  in  my  opinion, 
always  a  danger-signal  unless  another  cause  can  be  discovered  for 
the  rise  in  temperature — usually  indicates  retention  of  the  secretion 
and  calls  for  careful  inspection  of  the  dressing  and  the  state  of  the 
pleural  ca^dty.  In  a  normal  recovery  the  morning  temperature  at 
first  should  not  exceed  36.8°  C.  (98.2°  F.)  or  37.0°  C.  (98.6°  F.),  the 
evening  temperature  being  about  37.2°  C.  (98.9°  F.)  to  37.3°  C. 
(99.1°  F.). 

With  these  precautions,  and  by  changing  the  dressing  at  first 
frequently  and  later  at  longer  intervals,  depending  entirely  on  the 
rapidity  with  which  the  bandages  become  saturated  with  pus,  rapid 
expansion  of  the  lung  and  a  marked  lessening  of  the  secretion  will  be 
achieved.  After  four  or  five  days,  if  the  healing  process  is  progressing 
favorably,  the  dressing  will  be  comparatively  free  from  discharge 
and  need  be  changed  only  once  in  two  or  three  days,  the  surrounding 
skin  being  at  the  same  time  anointed  with  vaselin  so  as  to  guard 
it  against  eczema,  w^hich  is  often  produced  by  the  irritation  of  the  pus. 
A  httle  later,  when  the  secretion  has  practically  ceased,  a  hght  dress- 
ing may  be  applied  which  will  permit  the  patient  to  walk  about 
without  inconvenience,  proAicUng  his  general  condition  permits. 
Recovery  is  materially  aided  by  a  little  exercise. 
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After  the  drainage-tubes  have  been  removed,  the  wound  may  be 
dressed  with  oxid  of  zinc.  The  granulations  are  rarely  so  exuberant 
as  to  require  treatment.  If  necessary,  they  may  be  touched  with 
nitrate  of  silver,  which  will  destroy  any  prominences  within  the 
fistulous  tract  and  assist  the  external  wound  to  close. 

On  the  second  day  after  the  operation  the  drainage-tubes,  which 
at  first  are  inserted  as  far  as  possible,  must  be  shortened,  as  all  that  is 
necessary  is  to  keep  the  opening  in  the  thoracic  wall  patulous  and 
maintain  a  small  canal  inside  the  pleura  so  as  to  prevent  a  portion  of 
the  lung  near  the  incision  from  closing  the  opening  and  obstructing 
the  outflow. 

A  small  amount  of  resistance  felt  on  changing  the  position  of  the 
drainage-tubes  does  not  necessarily  mean  that  the  walls  of  the  cavity 
are  beginning  to  adhere.  Often  the  diaphragm  rises  with  astonishing 
rapidity,  or  the  lung  becomes  suddenly  inflated,  or  granules  and  shreds 
of  membrane  make  it  appear  that  the  cavity  has  become  obliterated, 
whereas,  in  reality,  it  is  only  the  internal  opening  of  the  canal  in  the 
chest-wall  that  is  occluded. 

If  the  drainage-tubes  are  changed  too  soon,  and  the  canal  becomes 
narrowed  at  one  point  ovdng  to  the  premature  introduction  of  very 
small  drainage-tubes,  so  that  the  secretion  accumulates,  the  opening 
can  easily  be  made  larger  by  the  introduction  of  a  tent,  by  means 
of  packing,  or  mth  a  sohd  bougie,  so  that  a  drainage-tube  of  any 
desired  size  can  be  introduced. 

If  the  amount  of  discharge  and  the  complete  absence  of  fever  do 
not  sufficiently  indicate  that  closure,  which  may  take  place  from 
within  outward,  has  been  effected,  a  small  catheter  may  be  inserted 
through  the  drainage-tube  so  as  to  determine  whether  it  is  still 
patulous.  The  safest  plan  is  to  reduce  the  length  of  the  drainage- 
tube  to  8  cm.  two  or  three  days  after  the  operation,  after  which  it 
will  be  gradually  extruded  by  the  heahng  process.  When  the  fistulous 
canal  has  been  reduced  to  4  or  5  cm.,  the  drainage-tube  may  be  re- 
placed by  iodoform  packing;  by  this  means  we  can  make  sure  that 
there  are  no  diverticula  remaining  to  interfere  mth  complete  obhtera- 
tion  of  the  cavity. 

An  important  technical  point  which  deserves  a  few  words  of 
mention  is  the  position  of  the  incision  under  various  circumstances. 
To  make  two  openings  is  absolutely  useless  when  a  single  one 
affords  free  outlet  for  the  pus  and  lies  at  a  higher  level  than  the 
diaphragm.  With  the  exception  of  a  few  cases  of  empyema  neces- 
sitatis, the  operative  wound  is  best  made  in  the  lateral  wall.  It  should 
be  made  in  the  posterior  surface  of  the  thorax  in  the  case  of  an  en- 
capsulated exudate  that  cannot  be  reached  either  from  in  front  or 
from  the  side.  In  any  case  a  posterior  incision  is  accompanied  by 
certain  disadvantages.  It  often  prevents  the  patient  from  lying  on 
his  back  and  the  drainage-tubes  are  more  apt  to  become  displaced 
or  occluded. 
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The  incision  should  ncvor  bo  niado  lowor  than  tho  sixth  intercostal 
space  unless  it  appears  eN'ident  that  the  diaphragm  is  gicatly  relaxed 
and  incapable  of  functionating.  If  free  drainage  is  secured  as  deep  as 
the  vertebral  cohunn,  and  the  accumulating  fluid  is  evacuated  by 
making  the  patient  sit  up  at  frequent  intervals,  it  is  not  only  unneces- 
sary, but  distinctly  unwise,  to  make  an  incision  lower  than  the  sixth 
interspace  for  the  purpose  of  reaching  the  dependent  portioris  of  the 
ca\'ity,  as  the  drainage-tube  is  in  constant  danger  of  being  bent  on 
itself  by  the  rising  of  the  diaphragm,  or  of  becoming  occluded  by 
granulations  on  the  surface  of  the  muscle,  especially  when  short 
drainage-tubes  are  used.  Both  of  these  accidents,  as  I  have  often 
convinced  myself,  are  apt  to  be  followed  by  retention  of  the  pus  with 
its  necessary  consequences :  fever,  pressure  on  the  expanding  lung,  de- 
pression of  the  diaphragm,  and  decomposition  of  the  pleural  contents. 
To  avoid  these  unpleasant  consequences  it  is  therefore  best  to  make 
the  incision  in  the  fifth  or,  at  most,  in  the  sixth  intercostal  space  about 
the  middle  of  the  lateral  wall,  so  that  the  drainage-tube  lies  loosely 
on  the  diaphragm,  even  when  the  muscle  rises  to  a  considerable 
height. 

Necessity  of  Resection. — Any  elaborate  discussion  on  resection 
of  the  ribs  wiU  no  doubt  appear  superfluous  to  many  readers,  as 
not  only  the  surgeons,  but  the  vast  majorit}-  of  chnicians  who  have 
given  their  attention  to  this  point,  have  recently  pronoimced  in  faA^or 
of  the  necessit}^  of  this  operation.  Xe^'erthcless  the  point  seems  to 
us  to  deserve  some  mention,  for  the  reason  that  the  conditions  in 
private  practice  are  different  from  w^hat  the}'  are  in  chnics  and  hospi- 
tals. 

Not  that  I  wish  to  take  a  decided  stand  against  resection  of  ribs, 
since  the  operation  is  comparatively  insignificant  if  capable  assistants 
are  to  be  had,  and  it  undoubtedly  affords  a  permanent  outlet  for 
the  pus.  I  am  quite  sure  that  there  are  cases  which  absolutely  require 
resection  of  the  ribs;  it  is  a  fact,  nevertheless,  that,  although  resec- 
tion was  never  performed  in  any  of  the  cases  that  have  come  under 
my  observation,  even  when  the  intercostal  spaces  were  greatly  nar- 
ro-wed,  a  cure  was  in  every  instance  effected  without  the  operation. 

"WTiile  the  removal  of  a  section  of  rib  is  a  simple  operation  for  a 
practised  surgeon,  and  while  it  effects  the  evacuation  of  the  pus  "with- 
out any  other  procedure  in  every  case,  pro\dcUng  the  lung  is  able 
to  expand,  the  operation  nevertheless  fails  to  keep  the  ca^dty  open  if 
-closure  of  the  ca\dty  is  impossible  because  compression  of  the  lung 
has  lasted  too  long.  Besides,  "with  the  exception  of  the  cases  men- 
tioned above,  it  is  always  in  om*  power  to  maintain  the  opening  as 
large  as  we  please  and  to  keep  it  patulous  as  long  as  may  be  necessary 
b}^  the  introduction  of  two  drainage-tubes  of  the  necessary  length 
and  size;  the  wound  begins  to  close  only  when  the  caliber  of  the 
drainage-tubes  is  purposely  changed. 

An  opening  which  immediately  after  operation,  on  account  of  the 
extreme  contraction  of  the  intercostal  space,  barely  admits  the  little 


944  ACUTE  AND  CHRONIC  INFLAMMATION;  TUMORS. 

finger,  and  into  which  even  a  medium-sized  drainage-tube  can  be  in- 
troduced only  by  partially  compressing  it,  may  in  a  few  days  become 
so  much  dilated  that  even  the  index-finger  can  readily  pass.  Even 
when  granulations  are  formed  in  the  fistulous  canal  or  in  an  empyema 
necessitatis,  as  they  not  infrequently  are,  they  may  be  made  to  dis- 
appear in  a  short  time  by  the  pressure  of  the  drainage-tube,  and  I  am 
therefore  forced  to  conclude  that  resection  of  the  ribs,  while  it  cannot 
always  be  avoided,  is  unnecessary  and  only  complicates  the  opera- 
tion in  the  vast  majority  of  cases,  if  the  diagnosis  has  been  correctly 
made. 

Trephining  of  a  rib,  which  has  been  highly  lauded  by  Langenbeck, 
does  not  appear  to  possess  any  advantages  over  operation  by  incision 
or  resection,  and  has  never  been  adopted  by  the  profession. 

Irrigation. — In  conclusion,  a  word  in  regard  to  irrigation,  for 
which  a  variety  of  antiseptic  substances — such  as  carbolic  and  sali- 
cylic acids,  boric  acid,  potassium  permanganate  and  potassium 
chlorate,  bichlorid  of  mercury,  normal  salt  solution  and  other  aseptic 
fluids,  and,  finally,  various  kinds  of  astringents — may  be  utilized. 

The  advocates  of  irrigation  contend  that  large  shreds  of  fibrin 
which  interfere  with  the  healing  process  are  removed  by  irrigation; 
that  irrigation  stimulates  the  layers  of  the  pleura  and  thus  calls  forth 
respiratory  movements  and  cough;  that  putrefaction  can  be  con- 
trolled only  by  disinfection,  and  a  purulent  secretion  by  astringents. 

These  statements  have  all  been  disproved  by  some  earlier  observa- 
tions of  mine,  and  particularly  by  a  case  reported  from  my  clinic  by 
Hertz  ^^  ("see  page  956).  If  the  drainage-tube  is  sufficiently  wide, 
even  large  masses  and  shreds  of  fibrin  will  be  evacuated,  and  the 
expansion  of  the  lungs  can  be  accelerated  at  will  by  spontaneous 
respiratory  movements  and  by  cough. 

It  is  as  difficult  to  disinfect  a  cavity  with  many  diverticula  as  it  is 
to  disinfect  the  inner  surface  of  a  putrefying  uterus,  for  the  causes 
of  putrid  decomposition  usually  lie  deep  within  the  tissue.  The 
possibility  of  undisturbed  evacuation  as  provided  b}^  a  free  incision 
with  a  permanent  opening  in  the  thorax,  supplemented  by  the 
employment  of  antiseptic  substances  in  powder  form,  which  is  most 
effective  in  preventing  the  development  of  germs,  in  our  own  opinion 
affords  the  best  means  of  combating  decomposition. 

According  to  Aufrecht,^^  irrigations  with  warm  carbolic  acid  in 
afebrile  cases,  and  irrigations  with  warm  nitrate  of  silver  solutions 
(2%  to  5%)  during  the  afebrile  stage,  tend  to  hasten  obliteration  of  the 
pleural  cavity.  I  must,  however,  take  exception  to  this  view,  as  the 
object  of  a  properly  conducted  treatment  is  not  to  bring  about  adhesion 
of  the  lung,  but  to  effect  a  cure  with  the  least  possible  amount  of  adhe- 
sion; and  irrigations  are  more  apt  to  retard  than  to  facilitate  the  natural 
process,  namely,  the  approximation  of  the  costal  pleura. 

If  irrigation  is  insisted  upon,- — and  I  repeat  that  my  advice  is  dis- 
tinctly against  it, — the  wound  may  be  kept  open,  as  advised  by  Frantzel, 
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after  Rardolobon,  ])y  a  somewhat  oval  silver  cannula  guarded  at  its 
exterior  extremity  by  a  metal  plate,  like  a  tracheal  cannula.  Through 
this  cannula  the  irrigations  may  be  made  in  the  above-described 
manner  once  or  twice  a  day  as  the  necessity  of  the  case  requires.  By 
changing  the  jiosition  of  the  jjatient  and  inserting  the  catheter  or  drain 
in  various  directions,  the  antiseptic  substance  can  be  made  to  come  in 
contact  with  the  j)leural  surface.  The  fluid  should  never  be  introduced 
at  random  into  the  cavity,  as  this  would  be  certain  to  retard  the  healing 
process.  It  is  best  not  to  introduce  more  than  ]")()  to  2(){)  c.c.  at  a  time, 
and  to  evacuate  all  of  this  before  any  more  is  allowed  to  flow  in. 
Quite  recently  Wagner,  ^^  following  the  example  of  Kiister,  ^^  Schede,  *^ 
and  others,  has  recommended  the  dry  method  by  means  of  iodoform 
packing  instead  of  antiseptic  irrigation  during  the  after-treatment  of  a 
radical  operation.  The  method  recommended  Vjy  Konig,^*  which  con- 
sists in  raising  the  patient  by  his  feet  in  order  to  facilitate  the  escape  of 
the  irrigating  fluid,  does  not  appear  to  have  much  in  its  favor;  all  such 
procedures  are  as  useless  as  the  irrigations  themselves  -which  they  are 
supposed  to  reinforce.  Great  care  should  always  be  exercised  in  using 
irrigations,  because,  as  the  cases  I  am  about  to  quote  tend  to  show,  the 
fluid  is  apt  to  pass  through  the  intact  pulmonary  pleura  or  through 
openings  in  it  and  flood  the  bronchi,  and  because  the  process  of  ex- 
pansion and  healing  is  greatly  assisted  b}'  the  formation  of  delicate 
adhesions,  wliich  are,  of  course,  destroyed  if  the  fluid  is  introduced  under 
pressure. 

The  injurious  effects  of  irrigation  are  shown  to  perfection  in  the 
following  case  [see  also  reports  of  cases  by  Janeway  w^hich  proved  fatal 
after  irrigation  with  peroxid  of  hydrogen. — p]u.]  which  I  had  the 
opportunity  to  observe  years  ago,  though  I  had  no  part  in  the  treat- 
ment. 

Very  small  abscess.  Incision.  Irrigation.  Putrefaction  and  com- 
plete retraction  of  the  lung  icith  calcification  of  the  thoracic  ivall. — In  the  case 
of  an  unusually  strong  workman,  whose  lungs  were  unquestionably 
healthy  and  w^ho  presented  the  signs  of  a  small  pleural  exudate, 
w^hich  by  exploratory  puncture  was  found  to  be  purulent,  thoracotomy 
was  performed  and  about  50  c.c.  of  pus  evacuated.  The  ca^'ity  was  then 
irrigated  with  a  3%  solution  of  lukewarm  carbolic  acid,  a  custom  which 
then  obtained.  This  was  immediately  followed  by  the  appearance  of 
carbolic  acid  in  the  urine  and  other  signs  of  mild  intoxication,  such  as 
may  be  expected  a  priori  if  the  pleura  is  healthy.  Although  there  was  no 
obstruction  to  the  outflow  of  the  irrigating  fluid  from  the  thorax  the 
lung  failed  utterly  to  expand  and  the  secretion  presently  began  to  assume 
a  slightly  fetid  odor. 

Through  utter  failure  to  recognize  the  true  cause  of  this  result  and  in 
accord  mth  the  then  prevailing  views,  this  delay  in  the  healing  process 
was  attributed  to  insufficient  disinfection  of  the  cavity  and  an  attempt 
was  made  by  increasing  the  number  of  iri'igations  (the  patient  was 
washed  out  three  times  a  day)  and  using  more  concentrated  solutions  to 
assist  the  process  of  healing  and  arrest  the  putrefying  process.  The 
amount  of  fluid  used  in  irrigation  was  also  increased  and  the  fluid  was 
allowed  to  remain  for  some  time  in  the  pleural  cavity  by  hindering 
its  escape  after  the  cavity  had  been  filled  as  full  as  possible. 
60 
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The  patient's  condition  of  course  became  worse  and  worse,  and 
as  the  lung  still  failed  to  expand,  although  the  antiseptic  substances 
were  frequently  changed  and  more  concentrated  solutions  were  used, 
two  ribs  were  resected  to  afford  a  freer  outlet  for  the  pus,  although  the 
thoracic  wound  was  quite  large  enough.  The  irrigations  were  also  con- 
tinued with  renewed  energy,  but  in  spite  of  this  the  patient's  condition 
grew  steadily  worse.  After  a  further  interval  of  four  weeks  the  cavity 
was  as  large  as  ever  and  the  secretion  from  the  plevua  was  very  abundant 
and  extremely  offensive.  At  the  same  time  the  thorax  on  the  affected 
side  began  to  shrink,  and  in  spite  of  repeated  resections  the  ribs  and 
intercostal  spaces  became  completely  calcified  and  finally  ossified  after 
the  patient  had  suffered  for  many  months,  so  that  at  the  last  operation 
(resection  of  the  thoracic  wall)  the  pieces  had  to  be  chipped  out  with  a 
chisel. 

The  patient  finally  died  with  the  symptoms  of  hectic  fever  and 
amyloid  degeneration.  At  the  autopsy  the  entire  half  of  the  thorax 
was  found  to  be  completely  ossified,  there  was  complete  splenification 
and  carnification  of  the  lung,  which  was  covered  by  sections  of  plemra 
of  a  centimeter's  thickness.  The  other  lung,  wnth  the  exception  of  a 
few  small  recent  bronchopneumonic  foci,  was  quite  healthy,  so  that  the 
unfavorable  termination  of  the  disease  can  only  be  attributed  to  the 
treatment.  The  persistent  irrigatioiis  with  antiseptic  fluid  had  been 
unable  to  prevent  decomposition  and  had  rendered  expansion  of  the  lung 
utterly  impossible. 

Besides  this  most  instructive  case,  I  have  observed  others  in 
which  irrigations  were  used  and  which  would  have  followed  a  similar 
course  if  the  error  had  not  been  recognized  in  time,  the  irrigations 
discontinued,  and  a  more  rational  form  of  treatment  inaugurated. 

A  very  instructive  case  of  this  kind  is  the  following,  which  is 
interesting  both  on  accoimt  of  the  encapsulation  and  formation  of 
loculi,  and  on  account  of  the  fetid  odor  of  the  serous  exudate. 

Multilocular  pleurisy  after  confinement.  Putrid,  serous,  and  purulent 
■exudate,  associated  with  abscess  of  the  lung.  Diagnosis  made  after  re- 
peated exploratory  punctures.  Incision.  Communication  between  the 
pleura  and  the  bronchi.  Escape  of  the  irrigating  fluid  into  the  trachea  with 
symptoms  of  asphyxia.  Employment  of  iodoform.  Recovery. — A  woman, 
thirty-eight  years  of  age,  the  mother  of  eight  children,  after  a  diflficult 
labor  terminated  by  manual  intervention  (twins  with  placenta  prsevia), 
developed  symptoms  of  a  right-sided,  exudative  pleurisy  with  severe 
dyspnea,  great  prostration,  and  a  moderate  rise  of  temperature. 

Exploratory  puncture  in  the  lateral  wall  having  revealed  a  serous 
exudate,  while  a  puncture  in  the  posterior  wall  of  the  thorax  liberated 
about  100  c.c.  of  an  extremely  fetid  purulent  fluid,  the  diagnosis  of  a 
putrid  pleurisy  partially  encapsulated  by  adhesions  within  the  pleura 
was  made.  The  plemisy  was  evidently  secondary  to  an  infected 
embolus  in  the  lung.  In  spite  of  unfavorable  external  conditions,  it 
was  decided  to  perform  a  radical  operation  so  as  to  remove  the  necrotic 
material  and  check  the  further  progress  of  putrefaction. 

Although  on  the  next  day  signs  of  an  extensive  dry  pleurisy  developed 
in  the  left  side,  manifesting  itself  in  marked  pleuro-pericardial  friction 
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and  violent  pain,  we  persevered  in  our  intention  and  performed  the 
operation  by  niakinp;  an  incision  5  cm.  in  length  in  the  lateral  wall,  corre- 
sponding to  the  fifth  intercostal  space.  After  the  pleura  was  divided  a 
small  quantity  of  serous  fluid  with  extremely  fetid  odor  was  evacuated, 
and  on  palpating  with  the  finger  the  cavity  was  found  to  be  filled  with 
a  mass  of  spongy  material.  The  friable  inflammatory  exudate  offered 
no  resistance  to  the  entering  finger,  and  a  second  cavity  was  reached 
which  was  filled  with  j)utrid  pus.  In  this  way  we  succeeded  in  remo\4ng 
from  a  large  area  on  the  posterior  surface  of  the  thorax  a  mass  of  de- 
generated tissue  which  appeared  to  be  partly  composed  of  necrotic  lung 
tissue.  After  disinfecting  the  cavity  with  carbolic  acid  and  a  solution 
of  aluminium  acetate,  two  rubber  drainage-tubes,  10  cm.  in  length  and 
as  thick  as  the  Uttle  finger,  were  introduced  and  the  wound  dressed  with 
salicylated  cotton  and  oakum.  The  patient's  condition  improved  im- 
mediately after  the  operation.  A  little  later,  however,  there  was  a 
change  for  the  worse,  as  in  spite  of  the  constant  irrigation  Avith  all  manner 
of  disinfecting  fluids  the  putrefactive  process  persisted  and  the  discharge 
y\'SLS  as  profuse  as  ever. 

In  addition,  owing  to  the  destruction  of  lung  tissue,  a  pulmonary 
fistula  had  been  formed  and  the  irrigating  fluid,  even  under  ver}'  low 
pressure,  entered  the  bronchi  and  sometimes  provoked  alarming  attacks 
of  dyspnea.  At  this  critical  junctm-e  it  appeared  imperative  to  dis- 
continue the  irrigations  and  make  every  effort  to  check  the  decomposition 
and  the  profuse  secretion  by  introducing  some  solid  substance  into  the 
pleural  cavity. 

As  iodoform  appeared  to  be  the  best  substance  for  this  purpose,  its 
use  was  decided  upon,  and  5  to  8  grams  (about  ^]i  to  .5ij)  of  the  powder 
were  directly  throA^-n  into  the  pleural  cavity,  or  an  equal  amoimt  was 
introduced  by  insufflation  through  the  drainage-tubes  by  means  of  an 
ordinan,"  insufflator.  The  result  was  ver^'  satisf actor}' ;  after  a  few 
days  the  fetid  odor  disappeared,  the  discharge  ceased,  and  after  two 
weeks  recover}^  had  begun,  so  that  the  patient,  who  showed  compara- 
tively good  powers  of  recuperation,  was  able  to  leave  her  bed. 

The  pleurisy  on  the  other  side  disappeared  \nthin  a  few  days  by  spon- 
taneous absorption;  it  was  found  by  exploratory  puncture  to  consist 
of  a  moderately  large  serous  exudate  \\dthout  fetid  odor. 

Convalescence  continued  without  interruption,  the  iodoform  being 
applied  in  successively  smaller  amounts  and  at  longer  intervals.  Re- 
covery was  delayed  onl}-  by  failure  to  remove  the  drainage-tubes,  which 
were  piu-posely  left  in  place  for  some  time.  As  soon  as  they  were  re- 
moved the  fistula  rapidly  began  to  close.  The  entire  duration  of  recovery, 
from  the  day  of  the  operation  to  the  complete  closure  of  the  fistula, 
amounted  to  twelve  weeks.  This  period  Avould  probably  have  been 
shortened  b}'  several  weeks  if  the  drainage-tubes  had  been  removed 
■earlier. 

The  woman's  general  condition  since  that  time  has  been  in  every 
respect  satisfactor}-,  the  function  of  the  right  lung  is  entirely  normal, 
and  she  has  given  birth  to  several  children  A^dthout  complications. 

4.  TREATMENT  OF  THE  COMPLICATED  FORMS  OF  EMPYEMA. 
(a)   Empyema  Necessitatis. — In  operating  for  pronounced  em- 
P5'ema  necessitatis  the  site  of  the  incision  is  a  question  of  the  greatest 
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importance.  The  unanimous  opinion  of  writers  appears  to  be  that 
the  thoracotomy  must  be  performed  at  the  site  of  the  empyema 
necessitatis,  and  Eichhorst  ^  derives  the  term  from  this  necessity  of 
operating  at  the  spot  where  the  empyema  points.  But  a  case  operated 
on  by  myself  and  described  by  A.  Moll  ^^  proves  conclusively  that 
the  choice  of  the  site  for  the  incision  must  depend  on  individual  con- 
ditions, and  that  at  least  one  very  severe  case  of  empyema  necessitatis 
was  to  all  appearances  cured  in  a  very  short  time  by  the  very  fact 
that  the  incision  was  made  in  another  situation. 

Extensive  purulent  pleurisy.  Empyema  necessitatis  helov)  the  clavixlc. 
— The  patient  was  a  boy  sixteen  years  old,  who  had  had  a  purulent 
exudate  on  the  right  side  for  six  months.  On  admission  the  patient 
presented  a  pitiable  appearance;  he  had  fever,  he  was  emaciated  to  a 
skeleton,  the  complexion  was  yellow,  the  lips  were  blue,  and  there  was 
intense  edema  in  the  lower  extremities  and  scrotum.  The  respiration 
was  hurried  and  sighing;  the  pulse  could  scarcely  be  felt  and  was  about 
160.  There  was  great  bulging  of  the  right  side  of  the  thorax,  which 
j-emained  immovable  during  respiration.  Immediately  below  the 
clavicle  and  extending  for  about  three  intercostal  spaces  on  the  anterior 
wall  of  the  thorax  was  a  conspicuous,  fluctuating  prominence  about  the 
size  of  a  man's  fist.  It  was  not  affected  by  inspiration,  but  became  more 
tense  during  expiration.  The  intercostal  spaces  on  the  right  side  were 
enormously  dilated,  some  of  them  being  as  wide  as  two  fingers.  The 
cardiac  impulse  was  found  between  the  anterior  and  posterior  axillary 
lines. 

Although  the  patient  was  in  such  a  wretched  condition  that  the 
operation  did  not  appear  to  offer  many  chances  of  recovery,  it  was  never- 
theless decided  on  in  the  hope  of  saving  his  life.  On  account  of  the 
condition  of  the  heart  narcosis  seemed  out  of  the  question,  and  although 
there  was  a  distinct  emp^^ema  necessitatis,  it  was  so  pecuHarly  situated 
that  it  offered  no  chance  for  the  pus  to  escape.  It  was,  therefore,  decided 
not  to  open  the  empyema  necessitatis,  but  to  perform  thoracotomy  in 
the  lower  portion  of  the  thorax.  The  operation  was  performed  in  the 
manner  described  above  by  means  of  an  incision  5  cm.  in  length  in  the 
fifth  intercostal  space  and  in  the  anterior  axillary  line.  The  opening  of 
the  pleural  cavity  was  immediately  followed  by  the  escape  of  large 
masses  of  somewhat  musty-smelling  pus,  the  evacuation  being  retarded 
by  alternately  tamponing  and  reopening  the  wound.  Although  the  above- 
described  prominence  diminished  somewhat  after  the  greater  part  of  the 
pus  had  escaped,  it  expanded  again  to  the  size  of  a  child's  head  whenever 
the  patient  coughed,  which  he  did  at  short  intervals.  On  the  third  day, 
however,  the  tumor  had  completely  disappeared  and  auscultation  and 
percussion  over  the  corresponding  area  showed  that  the  conditions  were 
normal.  The  patient  recovered  completely  within  a  very  short  time 
(about  five  weeks). 

We  have  in  this  case,  therefore,  complete  restitutio  in  integrum 
at  the  site  of  an  empyema  necessitatis  within  an  incredibly  short 
time,  a  result  which  is  quite  at  variance  with  the  prevailing  views  in 
regard  to  the  course  of  such  a  perforating  process  in  the  pleura.  As 
it  is  generally  supposed  that  an  empyema  necessitatis  is  produced  by 
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necrosis  of  the  pleura  and  the  various  imiseular  layers,  recovery  could 
not  be  a  jmori  expected  without  openiii<;  the  infiltrated  and  purulent 
area.  A  further  necrosis  of  the  skin  over  the  diseased  area,  with  the 
formation  of  a  secondary  fistula,  seemed  less  probable,  and  it  was  for 
this  reason  that  it  was  tleemed  unnecessary  to  open  the  abscess  at 
once  with  a  knife. 

As,  contrary  to  all  expectations,  rupture  failed  to  take  place  and  a 
spontaneous  recovery  ensued  in  an  astonishingly  short  time,  this  case 
affords  an  excellent  argument  for  making  an  incision  in  some  other 
situation  instead  of  over  the  site  of  the  empyema  necessitatis  when- 
ever an  opening  in  that  region  would,  on  account  of  the  position  of  the 
fistula,  diminish  the  chances  for  complete  evacuation  of  the  pus, 
w^hich  is,  of  course,  the  essential  factor  in  re-establishing  the  expan- 
sion of  the  compressed  lung.  [If  the  empyema  had  been  operated 
upon  when  the  abscess  was  localized  and  first  pointed  on  the  surface, 
might  it  not  have  been  better  to  have  made  this  the  point  of  elec- 
tion?—Ed.] 

The  above-described  case  appears  to  indicate  either  that  the  process 
of  repair  in  the  pleura  differs  from  that  in  other  portions  of  the  body, 
since  even  undermined  portioiLS  of  the  membrane  at  once  regenerate  or 
become  adherent  to  the  pulmonary  pleura  if  a  free  outlet  is  provided 
lor  the  pus  at  some  other  spot  and  the  lung  is  given  an  opportunity 
to  expand,  or  else  that  not  every  empyema  necessitatis  is  due  to  necrosis 
of  the  pleura. 

It  is,  therefore,  more  than  probable  that  in  cases  like  the  present, 
characterized  by  abnormally  wide  and  yielding  intercostal  spaces,  the 
pressure  of  the  exudate  may  produce  a  hernia-Uke  bulging  of  the  soft 
parts  simulating  the  classic  picture  of  empyema  necessitatis ;  and  the 
great  rapidity  ^x'lth.  which  recovery  was  effected  is  no  doubt  to  be  ex- 
plained in  this  way. 

(b)  Traumatic  and  Double  Empyema. — No  general  rules  can  be 
laid  down  for  the  Treatment  of  traumatic  empyema  after  stab  wounds 
or  gunshot  w^ounds,  as  the  indications  are  determined  by  the  character 
of  the  wound,  the  entrance  of  foreign  bodies  or  air,  injury  of  bones 
and  neighboring  organs  or  vessels  (hemothorax  and  secondary  anemia), 
as  w-ell  as  the  general  condition  of  the  subject. 

Schede  ^^  observed  putrefaction  in  three  out  of  eleven  cases  of 
stab  wounds,  and  in  two  out  of  nine  cases  of  gunshot  w^ounds. 

Kiister  ^^  proposes  to  guard  against  asepsis  in  such  cases  by  intro- 
ducing a  long  sound  into  the  wound  for  the  purpose  of  fincling  the 
lowest  portion  of  the  pleural  sac  and  making  a  counter-incision  at 
this  point  so  as  to  permit  thorough  disinfection  of  the  ca^'ity.  Out 
of  twenty  cases  treated  in  this  way  Schede  lost  only  two,  one  by 
collapse  due  to  myocarditis  and  the  other  by  an  extravasation  of 
blood  into  the  pericardium. 

In  my  opinion,  it  is  probably  better,  if  the  patient  is  in  a  weakened 
condition,  to  abstain  from  active  interference,  or  at  most  to  irrigate 
the  canity,  after  enlarging  the  wound  so  as  to  remove  large  pieces  of 
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clothing  or  splinters  of  bone  with  the  least  amount  of  injury  to  the 
parts,  and  then  to  apply  iodoform,  which  in  most  cases  will  suffice 
to  control  sepsis.  The  treatment  of  all  the  various  complications 
of  traumatic  empyema  cannot  be  discussed  in  this  place.  The  treat- 
ment of  hemorrhage,  by  direct  ligation  should  be  attempted  only  when 
the  patient  is  in  fairly  good  condition  and  the  chances  of  finding  the 
blood-vessel  appear  favorable.  As  a  rule,  hemorrhage  tends  to  cease 
of  its  own  accord,  if  the  lung  is  not  injured,  as  the  latter  by  expanding 
prevents  the  formation  of  a  cavity  and  favors  coagulation  of  the 
blood. 

In  double  empyema,  which  is  a  comparatively  rare  condition, 
the  operation  nmst  be  performed  on  the  side  of  the  largest  exudate. 
After  the  expansion  of  the  lung  has  been  restored  it  may  be  necessary 
to  attempt  an  incision  on  the  other  side. 

When  an  empyema  is  complicated  by  a  serous  effusion  on  the 
other  side,  the  empyema,  as  the  more  important  disease,  should 
be  first  attacked  by  operative  measures.  Removal  of  the  empyema 
is,  as  a  rule,  followed  by  absorption  of  the  effusion,  as  I  have  re- 
peatedly had  occasion  to  observe.  If  the  serous  effusion  should  fail 
to  show  any  tendency  to  undergo  absorption,  an  attempt  must  of 
course  be  made  to  evacuate  it  by  means  of  tapping. 

(c)  Empyema  Complicated  by  Abscess  of  the  Lung. — Owing  to 
the  impossibility  of  deciding  whether  the  pleurisy  is  the  cause  of  the 
pulmonary  disease,  or,  as  happens  much  more  frequently,  some 
disintegrating  process  in  the  lung  tissue  is  the  cause  of  a  putrid  em- 
pyema, I  am  inclined  to  adhere  to  the  view  expressed  many  years 
ago  ^*  that  an  exploratory  puncture  should  be  performed  as  early  as 
possible  in  all  doubtful  cases  of  empyema  complicated  by  abscess  of 
the  lung,  and  even  to  introduce  the  needle  over  the  site  of  the  pul- 
monary focus  if  no  signs  of  a  fluid  exudate  can  be  discovered. 

If  by  means  of  puncture  it  is  found  that  the  tissue  has  undergone 
purulent  or  putrid  degeneration,  I  advise  thoracotomy  even  if  there 
is  very  little  fluid,  as  this  method  enables  us  to  reach  the  infected 
lung  tissue  directly.  Whenever  the  existence  of  a  putrid  or  purulent 
focus  in  the  periphery  of  the  lung  is  positively  established,  even 
though  an  exploratory  puncture  of  the  pleura  gives  a  negative  result, 
operation  ought  still  to  be  considered,  as,  owing  to  the  almost  constant 
presence  of  pleural  adhesions  over  the  pulmonary  focus,  it  offers  very 
fair  chances  of  success. 

It  is  often  possible  to  penetrate  deep  enough  to  reach  the  pulmonary 
focus  and  thus  obtain  direct  information  in  regard  to  the  condition 
of  the  parenchyma.  The  introduction  of  a  slender  needle  into  the 
lung  is  absolutely  harmless,  as  has  been  repeatedly  shown,  providing 
the  necessary  aseptic  precautions  are  observed. 

The  view  expressed  by  me  ten  years  ago,  to  the  effect  that  in  a 
large  series  of  cases  an  operation  for  the  cure  of  a  putrid  pleurisy 
has  for  its  principal  object  the  operative  treatment  of  the  infectious 
pulmonary  disease  which  lies  at  the  bottom  of  the  pleurisj^,  has  been 
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completely  vindicated,  and  I  am  Ihcrcforc  t('mi)t('d  to  repeat  wliat 
I  said  at  that  time. 

Since  a  putrid  pleurisy  in  most  cases  is  merely  a  secondary  disease 
dependent  on  a  mild  or  severe  form  of  ])ulmonary  infection,  the  cure 
of  the  pleural  affection  is  almost  always  determined  by  the  course 
of  the  morbid  proci'ss  in  the  lung.  There  can  be  no  doubt  that 
the  morbid  process  in  the  pleura — it  is  produced  by  direct  rupture 
of  the  pulmonary  focus  after  necrosis  of  the  pulmonary  pleura,  or  by 
contiguity,  that  is,  direct  spread  of  the  inflammation  through  the 
intact  pulmonary  layer — can  be  bi'ought  to  a  favorable  termina- 
tion only  if  the  infected  focus  and  the  products  of  the  putrefactive 
inflammatory  process  are  rendered  harmless  or  eliminated  through 
the  bronchi  or  the  thoracic  wall,  and  it  is  clear  that  the  last-men- 
tioned comparatively  favorable  event — namely,  the  escape  of  the 
infected  material  through  the  exterior  of  the  body — is  much  more 
apt  to  ensue  if  the  opening  in  the  pleural  cavity  is  made  by  the 
surgeon's  knife  instead  of  waiting  for  spontaneous  rupture.  In- 
cision enables  us  to  get  at  the  putrid  ca-\dty  for  the  purpose  of  disin- 
fection, and  also  brings  the  surface  of  the  diseased  lung  within  the 
reach  of  treatment.  Once  the  plem-a  is  opened,  remedies  such  as 
iodoform,  for  instance,  which  acts  so  admirably,  can  be  directly  ap- 
plied to  the  lung  tissue,  whereas  the  ordinary  methods  of  treating 
disease  of  the  lungs  without  opening  the  pleural  cavity,  by  inhala- 
tions, etc.,  offer  very  doubtful  prospects  of  success,  and  at  best  are 
extremely  slow.  It  is  certainly  the  quickest  and  most  convenient 
way  to  bring  about  complete  restitution  of  the  diseased  lung  tis- 
sue and  of  the  pleura,  as  the  necrotic  portions  are  more  rapidly 
removed  from  the  body  than  they  could  be  by  expectoration  through 
the  narrow  air-passages  or  thi'ough  a  spontaneous  fistula  in  the 
thoracic  wall. 

When  it  is  remembered  that  in  cases  of  putrid  pleurisy  secondary 
to  an  infectious  disease  of  the  lungs  the  symptoms  referable  to  the 
exudate  are,  as  a  rule,  very  obscure  because  the  extent  of  the  effusion, 
as  in  the  case  just  reported,  is  apt  to  be  very  moderate,  while  the 
symptoms  of  putrefaction  and  sepsis  dominate  the  picture,  one  is 
forced  to  conclude  that  the  increased  facilities  for  the  cure  of  the 
infectious  pulmonary  disease  created  by  operative  intervention,  much 
more  than  the  direct  treatment  of  the  putrid  pleurisy,  are  instrmiiental 
in  bringing  about  a  successful  termination. 

If  the  correctness  of  these  deductions  is  conceded,  it  follows  that 
•in  all  cases  of  putrid  abscess  of  the  lung  w-here  the  physical  signs 
indicate  that  the  focus  is  situated  in  the  periphery,  thoracotomy 
should  be  performed,  even  though  the  extent  of  the  pleural  exudate 
is  not  great  enough  to  necessitate  operative  intervention,  and  I  w^ould 
ad^dse  operation  even  in  cases  in  w^hich  the  plwsical  signs  merely 
show  the  presence  of  a  superficial  focus  in  the  lungs  wdthout  indicating 
the  existence  of  a  fluid  exudate,  since  the  pleura  immediately  sur- 
roimding  the  diseased  focus  is  always  separated  from  the  rest  of  the 
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membrane  by  adhesions  between  the  two  layers  and  the  chances  of 
success  are  therefore  materially  enhanced. 

(d)  Treatment  of  Empyema  in  Tuberculous  Subjects. — ^The  treat- 
ment of  serous  pleurisy  in  tuberculous  subjects  has  already  been 
discussed.  In  regard  to  the  treatment  of  empyema  in  phthisical 
subjects,  who  not  infrequently  develop  this  condition,  the  opinions 
of  the  various  authors  both  as  regards  the  method  of  treatment  and 
the  possibilit}'-  of  operation  show  considerable  divergence,  and  a 
discussion  of  the  question  is  therefore  not  without  value. 

Before  deciding  on  a  line  of  treatment  under  such  circumstances 
the  local  condition  and  the  general  state  of  the  patient  must  be 
carefully  looked  into. 

If  the  development  of  the  exudate  has  been  very  rapid  and  accom- 
panied by  comparatively  severe  symptoms,  and  if  the  examination 
of  the  lungs  before  the  development  of  the  exudate  has  failed  to  show 
signs  of  extensive  destruction  of  the  tissues,  energetic  operative 
intervention  may  offer  a  very  fair  prospect  of  success.  A  favorable 
result  may  be  expected  if  the  pus  is  evacuated  by  means  of  an  incision 
and  the  after-treatment  is  rational. 

Under  these  circumstances  the  medical  dictum  ''remedium  anceps 
melius  quam  nullum"  ("a  double  remedy  is  better  than  none")j 
which  is  so  often  falsely  applied,  is  quite  appropriate.  I  have  seen  a 
number  of  cases  which  ended  fatally  from  exhaustion  after  repeated 
puncture,  in  which  it  was  clearly  shown  at  the  autopsy  that  a  radical 
operation  performed  at  the  proper  time  would  have  offered  consider- 
able chances  of  success,  while,  as  a  matter  of  fact,  half-way  measures 
consisting  in  repeated  puncture  had  been  resorted  to  because  an  ex- 
tensive destruction  of  the  lung  was  erroneously  assumed  to  be  present. 

The  procedure  must  obviously  fail  under  such  conditions,  and, 
each  puncture  being  followed  by  a  more  rapid  reaccumulation  of 
the  exudate,  can  only  result  in  a  rapidly  progressing  loss  of  strength. 
Unless  the  pulmonary  disease  is  very  extensive  we  would  recommend 
incision  (see  page  933),  even  in  cases  of  serous  exudates,  which 
in  spite  of  repeated  puncture  constantly  tend  to  reaccumulate  and 
are  accompanied  by  marked  variations  in  temperature. 

If  a  radical  operation  appears  too  severe,  Biilau's  procedure  should 
at  least  be  attempted  in  any  doubtful  case,  as  the  most  important 
indication  in  reaccumulations  of  pus  is  to  provide  a  permanent 
outlet. 

In  cases  of  putrid  exudate  in  individuals  suffering  from  a  slight 
degree  of  tuberculosis,  I  would  always  advise  operation,  as  it  is  our 
duty  at  least  to  avoid  as  far  as  possible  the  danger  of  putrefaction. 

Against  the  operative  evacuation  of  serous  or  purulent  exudates 
in  tuberculous  subjects  the  not  altogether  unfounded  objection  is 
sometimes  urged  that  the  improved  nutrition  of  the  lung  which 
follows  the  evacuation  of  the  exudate  brings  about  a  more  rapid 
development  of  the  tuberculous  foci,  or  even  that  new  foci  may  be 
formed  by  the  spread  of  tubercle  bacilli  during  respiration.     It  is  a 


MECHANISM    OF   Rh'-h'X P.WSIOX    (>F    THE   LUNG.  953 

fact  that  evacuation  of  an  exudate  has  been  followed  by  a  more  rapid 
development  of  destructive  processes  in  the  lung,  and  even  by  an 
acute  miliary  tuberculosis,  while,  on  the  other  hand,  pulmonary 
disease  often  becomes  temjiorariiy  arrested  in  the  presence  of  a  serous 
or  purulent  exudate  or  even  of  pneumothorax,  and  this  temporary 
abatement  in  the  symptoms  continues  even  after  spontaneous  absorp- 
tion of  the  exudate  or  of  the  air  has  taken  place. 

\\\\\\q  it  cannot  be  denied,  therefore,  that  at  least  a  temporary 
improvement  in  the  pulmonary  disease  may  be  brought  about  by  the 
formation  of  an  exudate  (I  myself  have  seen  striking  cases  of  this  kind) 
it  does  not  justify  us  in  laying  down  the  rule  to  abandon  an  operation 
wliich  is  otherwise  intUcated  on  account  of  the  mere  possibility  of 
this  favorable  influence  on  the  pulmonary  process.  The  importance 
of  individualizing  in  the  matter  of  operation  in  such  cases  has  already 
been  emphasized,  and  I  ma}-  point  out  that  the  objections  referred 
to  might  easih'  be  urged  against  operation  in  general  in  all  forms  of 
pulmonary  disease;  for  if  one  is  justified  in  assuming  that  the  exten- 
sion of  the  tubercular  virus  is  facilitated  by  the  expansion  of  the  lung 
which  follows  evacuation  of  the  exudate,  it  may  with  equal  justice 
be  assumed  that  a  like  operative  intervention  will  be  followed  by 
an  increase  of  the  ^drus  and  micro-organisms  causing  other  inflam- 
matory or  infectious  processes. 

In  very  advanced  cases  of  tuberculosis  it  is,  of  course,  ad^dsable 
to  delay  operative  interference  as  long  as  possible,  as  any  operative 
procedure  will  be  incapable  of  preventing  a  fatal  termination  due 
to  the  basal  disease.  In  such  cases  even  pimcture  should  be  aban- 
doned and  the  patient's  suffering  relieved  b}'  liberal  doses  of  morphin, 
as  the  latter  procedure  is,  in  m}-  experience,  quite  as  effective  as  punc- 
ture performed  to  save  the  patient's  life.  (See  Treatment  of  Pneu- 
mothorax.) 


XV.  MECHANISM  OF  RE-EXPANSION  OF  THE  LUNG 
AFTER  OPERATION. 

Many  ^iews  have  been  advanced  to  explain  the  mechanism  of  the 
re-expansion  of  the  lung  after  operation;  that  is,  after  the  formation 
of  an  artificial  external  pneumothorax. 

The  process  of  expansion  can  be  studied  in  its  purest  form  only  in 
experiments,  in  cases  of  traumatic  pneumothorax,  or  in  empyema  of 
very  short  duration  when  the  original  mechanism  is  still  effective. 
Since  it  is  clearly  shown  by  experiments  that  even  -vnth  a  wide  thoracic 
wound  the  lungs  offer  considerable  resistance  to  the  entrance  of  air, 
and  are  able  ^^^thin  a  few  hours  after  receipt  of  the  injury  to  expand 
even  when  the  air  has  effected  an  entrance;  since  in  many  patients, 
both  children  and  adults,  a  distinct  respiratory  mm'mur  may  be  heard 
over  a  large  portion  of  the  lung  on  the  second  day  after  evacuation  of 
the  pus  by  incision,  showing  the  rapid  restoration  of  the  normal  func- 
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tion ;  since,  finally,  in  any  favorable  case  the  conditions  are  practically 
restored  to  normal  over  the  entire  lung  within  four  to  five  days,  it 
cannot  be  assumed  that  recovery  in  all  cases  (or  even  in  the  majority 
of  cases  observed)  is  brought  about  by  granulations  or  even  by  shrink- 
ing of  one-half  the  thorax  with  contraction  of  the  ribs  and  displace- 
ment of  neighboring  organs.  Since  the  diaphragm  does  not  become 
displaced  passively  by  the  weight  of  the  exudate,  but  relaxes  as  its 
tonus  diminishes  in  proportion  to  the  stimulus  acting  on  its  surface, 
it  does  not  after  evacuation  rise  in  proportion  to  the  amount  of  weight 
removed,  but  rather  in  proportion  to  the  strength  of  the  returning 
tonus ;  that  is  to  say,  the  rise  is  an  active  one,  the  membrane  resumes 
its  regular  excursions  as  far  as  the  periodic  variations  in  the  innerva- 
tions which  regulate  the  tonus  permit  it  to  do  so. 

As  the  pressure  of  an  exudate  of  moderate  extent  does  not  corre- 
spond exactly  to  its  actual  weight,  so  its  disappearance  does  not  exert 
a  traction  on  the  diaphragm ;  both  processes  merely  influence  the  reflex 
tonus,  and  through  it  the  position  of  the  muscle.  This  explains  why, 
in  spite  of  the  removal  of  the  exudate  by  forced  aspiration,  the  dia- 
phragm fails  to  resume  its  former  position,  and  why  it  does  not  always 
become  depressed  to  the  extent  that  would  be  expected  when  the  effu- 
sion is  abundant. 

Its  position  depends  on  the  strength  of  the  tonus  and  the  modifica- 
tion of  its  reflexes  produced  by  the  irritation  of  the  exudate.  This 
also  explains  why  the  lung  is  unable  to  fill  out  the  vacuum  created  by 
too  rapid  aspiration,  so  that  engorgement  and  extravasation  into  the 
tissues  result.  If  the  mechanism  is  in  proper  v/orking  order  and  a 
reciprocal  increase  and  decrease  of  the  tonus  of  all  the  tissues  is  made 
possible,  there  is  no  need  of  adhesions  to  effect  or  maintain  the  expan- 
sion of  the  lung.  As  the  exudate,  and  with  it  the  stimulus  on  the 
pleura  which  favors  or  produces  the  contraction  of  the  lung,  dimin- 
ishes, the  lung  must  expand,  even  if  there  is  an  opening  in  the  chest- 
wall  ;  for  at  each  expiration  it  is  inflated  by  the  healthy  lung,  and  the 
inflation  does  not  cease  entirely  during  inspiration,  as  in  the  most 
unfavorable  case  the  amount  of  air  that  enters  the  pleura  during  the 
inspiratory  distention  of  the  thorax  cannot  exceed  in  quantity  the 
amount  of  expansion  of  the  thoracic  cavity.  The  pressure  of  the 
external  air  is  unable,  therefore,  to  compress  the  lung  as  long  as  there 
is  tolerably  free  inspiratory  movement  of  the  intrapulmonary  column 
of  air  and  a  sufficient  decrease  in  the  tonus. 

The  inflation  of  the  elastic  lung  must  continue  to  increase  after 
evacuation  of  the  exudate  as  long  as  the  resistance  is  less  for  the  intra- 
pleural medium  than  for  the  intrabronchial  air,  as  the  latter  nmst 
overcome  the  mean  expiratory  pressure  within  the  trachea,  which  is 
greater  and  is  determined  by  the  action  of  the  healthy  lung. 

It  is  not  true,  therefore,  that  restitution  depends  either  on  the  for- 
mation of  adhesions  or  on  the  obliteration  of  the  pleura  beginning  at 
the  hilus  and  effected  by  connective  tissue,  to  which  Roser  ^^  ascribes 
the  largest  share  in  the  expansion  of  the  lung. 
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In  view  of  tho  rapidity  with  which  restitution  can  take  place  the 
last-mentioned  possibiht}'  cannot  be  regarded  as  possessing  any  great 
significance.  While  it  is  true  that  inflation  of  the  lung  is  most  pro- 
nounced at  the  hilus,  because  this  region  offers  the  greatest  facilities 
for  the  entrance  of  air,  complete  restoration  of  the  lung  to  its  normal 
volume  unquestionably  depcMuls  to  a  large  extent  on  another  factor — 
namely,  the  gradual  relaxation  of  the  maximum  tonic  contraction  of 
the  lung  tissue  which  accompanies  the  diminution  of  the  exudate. 

In  the  author's  opinion,  therefore,  the  expansion  of  the  lung  is  not 
due  to  an  internal  air  pressure.  Cessation  of  the  abnormal  contrac- 
tion due  to  the  foreign  intrapleural  medium  enables  the  air  to  fill  a 
larger  volume  of  the  lung.  As  at  each  inspiration  the  intrapleural 
pressure  diminishes  along  with  the  fluid  separating  the  pleural  layers,  as 
the  relaxation  of  the  lung  becomes  greater  than  the  dilatation  of  the 
thorax  and  the  movements  of  the  lung  tissues  more  rapid  than  those 
of  the  chest-wall,  more  and  more  air  can,  of  course,  enter  the  bronchial 
system  and  the  lung,  and  a  correspondingly  greater  amount  of  air  will 
be  expelled  from  the  pleural  cavity  during  inspiration. 

Incidentally  it  may  be  mentioned  that  as  long  as  the  respiratory 
mechanism  remains  intact  the  air  in  the  lung  can  never  become  very 
much  rarefied,  since  normal  function  presupposes  not  only  the  main- 
tenance of  the  full  atmospheric  pressure,  but  also  an  increased  rapidity 
of  the  air-current.  Any  diminution  in  pressure  within  the  lung,  even 
though  it  lasted  only  a  minute,  would  at  once  exert  a  reflex  influence  on 
the  inspiratory  movement.  Respiration  could  be  carried  on  only  with 
the  greatest  difficulty  and  by  the  aid  of  a  great  reinforcement  of  the 
muscular  activity.  A  true  diminution  of  pressure  within  the  respiratory 
space  can  occur  only  when  the  amount  of  air  that  enters  is  insufficient 
to  maintain  a  continuous  current.  If  we  erroneously  speak  of  a  diminu- 
tion in  pressure,  it  is  merely  because  with  our  manometric  methods  too 
great  a  resistance  is  opposed  to  the  curi-ent,  that  is  to  say,  the  current 
is  delayed  and  interrupted  so  much  that  there  is  always  a  slight  lowering 
of  the  pressure  in  the  canal. 

The  positive  pressure  exerted  by  the  healthy  lung  during  expira- 
tion plays  an  important  role  in  the  expansion  of  the  lung,  as  Weiss- 
gerber  ^*  has  quite  justly  observed.  This  increase  in  pressure  is  trans- 
mitted to  the  bronchi  of  the  diseased  lung,  and  after  the  lung  has  once 
been  evacuated  by  an  expiratory  effort,  the  mean  pressure  within  the 
trachea  is  so  great  that  it  cannot  be  completely  evacuated  during  the 
next  expiration.  Thus  the  expansion  of  the  contracted  lung  is  facili- 
tated in  both  directions  as  soon  as  the  normal  tone  has  been  re-estab- 
lished and  the  abnormal  distention  of  the  pleural  ca^dty  begins  to  yield. 

According  to  Aufrecht,^^  the  healing  process  after  operation  in  em- 
pyema is  effected  by  expansion  of  the  lung  during  inspiration  because 
the  main  bronchus  is  greater  in  diameter  than  the  drainage-tube  between 
the  ribs,  the  degree  of  distention  being  maintained  by  the  formation  of 
adhesions. 

This  explanation  does  not  apply  to  all  cases.     I  am  in  the  habit  of 
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making  a  relatively  large  thoracic  wound  in  all  my  cases,  and  of  keeping 
this  wound  open  by  means  of  two  drainage-tubes,  so  that,  since  the  outer 
opening  in  the  thorax  was  disproportionately  larger  than  the  main 
bronchus,  the  lung  could  not  have  become  so  completely  and  so  rapidly 
expanded  as  I  have  always  found  to  be  the  case. 

I  believe  that,  providing  the  lung  is  healthy  and  the  removal  of  a 
sufficient  mass  of  the  exudate  at  once  produces  a  corresponding  relaxa- 
tion of  the  tonus  by  re-establishing  a  normal  innervation,  the  layers  of 
the  pleura  become  adherent  over  a  relatively  large  area  within  a  very 
short  time  even  when  the  wound  in  the  ribs  is  quite  large.  Several  factors 
therefore  appear  to  be  at  work,  and  expansion,  when  once  effected,  is 
probably  reinforced  and  permanently  maintained  only  by  the  formation 
of  very  delicate  adhesions  between  the  pleura. 

A  good  deal  of  light  is  thrown  on  the  manner  in  which  the  function 
of  the  lung  is  restored  after  operation  by  a  case  which  came  under  my 
own  observation  and  has  been  reported  by  Herz.^*  It  appears  to  be 
important  enough  to  deserve  a  full  history. 

Extensive  putrid  exudate.  Cardiac  degeneration.  Rapid  expansion  of 
the  lung.  Death  from  heart-failure.  Autopsy. — A  woman,  fifty-nine  years 
of  age,  was  admitted  in  a  condition  of  profound  collapse,  with  marked 
edema  of  the  extremities,  and  high  fever.  Almost  the  entire  left  lung 
was  found  to  be  occupied  by  an  exudate  which,  by  exploratory  puncture, 
was  shown  to  be  in  an  advanced  stage  of  putrefaction.  To  save  life 
the  thoracic  cavity  was  at  once  incised  without  anesthesia,  w^hereupon 
several  liters  of  extremely  offensive,  thick,  purulent  exudate  were  evacu- 
ated.    The  usual  after-treatment  was  then  begun 

On  the  next  day  the  patient's  condition  was  distinctly  improved,  the 
fever  had  disappeared,  the  appetite  was  restored.  When  the  dressing 
was  changed,  the  discharges  were  found  to  be  almost  odorless,  and  on 
the  fourth  day  the  respiratory  movements  in  the  entire  left  lung  were 
quite  active.  Although  the  local  conditions  improved  so  fast  that  seven 
daA's  after  the  operation  the  discharges  were  reduced  to  a  minimum,  the 
offensive  odor  disappeared  entirely,  and  one  drain  could  be  dispensed  with, 
while  the  other  was  materially  shortened,  the  symptoms  of  cardiac 
weakness  still  persisted.  The  edema  became  more  marked  and  the 
patient  died  eight  days  after  the  operation  in  sudden  collapse  preceded 
by  several  mild  attacks  of  pulmonary  edema. 

At  the  autopsy  the  operative  wound  was  enlarged  and  the  patient's 
fifth  rib  resected.  This  exposed  a  cavity  only  3  c.c.  in  volume  which 
represented  the  remains  of  the  entire  original  empyema  cavity,  and 
contained  a  trace  of  absolutely  odorless  secretion.  The  cavity  was 
bounded  by  the  diaphragm,  the  re-expanded  lung,  only  the  lowest 
portion  of  which  was  atelectatic,  and  a  thick  plate  separating  the  em- 
pyema cavity  from  the  pericardium  which  was  somewhat  displaced  to 
the  left.  The  entire  left  lung,  with  the  exception  of  the  lowest  portion, 
was  adherent  to  the  costal  pleura  by  a  number  of  flat  adhesions  no 
thicker  than  cobwebs ;  a  few  adhesions  were  also  found  in  the  right  lung, 
which  was  somewhat  emphysematous.  Both  lungs  were  very  edematous 
and  the  bronchi  showed  marked  catarrhal  changes.  The  heart  before 
being    opened    appeared    very    flabby    and    somewhat    enlarged.     The 


POST-OPERATIVE   COURSE   AND   COMPLICATIONS.  957 

ventricles,  especially  the  right,  were  greatly  dilated,  and  their  walls 
extremely  thin.  The  muscle  was  friable,  of  a  brownish-yellow  color,  and 
showed  advanced  fatty  degeneration.  No  cause  was  found  for  the 
primary  putrefaction  of  the  exudate;  there  was  no  putrid  bronchitis, 
no  embolism  or  gangrenous  foci. 

Discussion:  It  appears  by  the  autopsy  that  in  a  patient  with  ad- 
vanced cardiac  insufficiency  suffering  from  putrid  empyema,  where 
operation  was  performed  only  to  save  life  and  without  hope  of  perma- 
nent success,  complete  re-expansion  of  the  lung  occurred  within  a  very 
few  days,  the  layers  of  the  pleura  being  united  in  their  entire  circum- 
ference by  extremely  delicate  (breath-like)  adhesions. 

This  case  shows  not  only  the  brilliant  results  to  be  obtained  in 
putrid  empyema  by  simple  incision,  but  also  gives  a  distinct  clue  to 
the  mechanism  of  recovery.  It  shows  that  the  healing  process  is  not 
brought  about  by  granulation  and  the  formation  of  thick  plates,  as  is 
usually  supposed,  and  proves  that,  providing  only  the  lung  is  capable 
of  expanding,  expansion  when  once  begun  is  maintained  and  reinforced 
by  the  formation  of  extremely  delicate  adhesions. 

As  the  onh^  adhesions  were  found  over  the  pleural  surface  of  the 
heart,  where  they  might  have  been  due  to  the  irritation  of  the  drain- 
age-tubes or  possibh'  to  the  action  of  an  especially  severe  local  inflam- 
mation, w'e  may  conclude  that  the  formation  of  abundant  granula- 
tions, w^hich  is  generally  regarded  as  the  most  important  factor  in  the 
process  of  repair,  is  not  only  not  necessary,  but  actually  distiu-bs  the 
normal  healing  process.  We  therefore  agree  with  Herz  ^*  that  the 
only  sine  qua  non  for  recovery  after  maintenance  of  a  free  outlet  for 
the  pus  is  the  powTr  of  the  lung  to  expand. 
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A  marked  improvement  has  taken  place  of  late  years  in  the  sta- 
tistics of  operation  for  emp^'ema,  the  percentage  of  recoveries  being 
betw^een  84%  and  90%.  The  value  of  these  figures  is,  however,  im- 
paired by  the  fact  that  all  the  cases  reported  by  indi\idual  observers 
cannot  be  directly  compared.  The  questions  in  dispute  will,  it  is 
hoped,  be  materially  elucidated  by  the  investigation  set  in  motion  by 
Leyden.  The  length  of  time  required  for  recovery  after  operation 
cannot  be  expressed  in  numbers,  as  it  is  modified  in  each  case  by  a 
variety  of  factors.  I  have  seen  complete  recovery  in  children  within 
three  weeks,  while  in  other  cases  two  to  four  months  were  required. 
The  earlier  the  operation,  the  shorter  will  be  the  recovery,  although 
complete  closure  of  the  wound  is  often  delayed  for  some  time,  as  the 
outer  extremity  of  the  fistulous  canal  often  shows  a  certain  torpidity 
and  continues  for  a  long  time  to  secrete  a  few  drops  of  pus. 

If  the  lung  is  healthy  and  the  operation  performed  early,  complete 
recovery  without  deformity  of  the  thorax  may  result,  providing  the 
cases  receive  the  proper  after-treatment. 
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In  young  persons,  when  the  exudate  has  been  evacuated  early, 
there  will  be  during  the  first  months  after  the  operation  a  certain  de- 
gree of  interference  ^\'ith  the  respiration  and  a  slight  dulness  in  the 
lower  and  lateral  portions,  but  no  distortion  of  the  vertebral  column; 
in  older  persons  and  when  operation  is  performed  late,  a  certain  de- 
formity of  the  thorax  with  a  diminution  of  the  respiratory  excursions 
is  to  be  observed  for  some  time  after  recovery.  In  such  cases  there  is 
also,  as  a  rule,  a  scoliosis  of  the  vertebral  column  toward  the  diseased 
side  and  the  scapula  on  the  corresponding  hah  of  the  body  is  depressed. 

If  irrigations  are  used,  or  complications  develop,  a  permanent 
pleural  fistula  may  result.  Tliis  condition  of  the  formation  of  a  puru- 
lent recess  -within  the  pleura  is  inevitable  if  the  lung  has  lost  the  power 
of  expanding. 

One  of  the  most  unfavorable  complications  which  occur  when 
irrigation  with  disinfecting  solution  is  employed  is  intoxication  by 
absorption  of  the  antiseptic  material.  The  healthy  pleura,  as  is  well 
knoA\Ti,  possesses  considerable  powers  of  absorption,  and  even  an  in- 
flamed pleura,  although  it  may  be  unable  to  absorb  the  albuminous 
fluid  of  the  exudate,  is  quite  capable  of  taking  up  large  amounts  of 
various  materials  which  are  introduced  into  the  pleural  cavity,  or  of 
excreting  them  from  the  blood  into  the  exudate. 

Such  substances  may  also  be  absorbed  by  the  lung  if  a  communi- 
cation exists  between  the  lung  and  the  pleural  cavity.  Whether  in 
such  cases  there  is  always  a  pulmonary  fistula,  or  whether  absorption 
can  be  effected  b}^  an  intact  pleura  pulmonaris,  is  difficult  to  decide. 
In  one  case  at  least  (reported  on  page  947)  the  fluid  entered  the 
bronchi  directly  and  produced  alarming  sjmiptoms  of  asphjrxia.  The 
patients  often  state  that  they  suddenly  taste  the  drug  in  the  mouth,  a 
phenomenon  that  may  be  due  either  to  the  passage  of  the  fluid  from 
the  bronchi  into  the  pharviix  and  the  distribution  of  the  nerves  of 
taste,  or  to  the  fact  that  certain  substances  taken  up  by  the  pleura 
enter  the  blood-current  and  are  eliminated  in  the  saliva.  The  latter 
supposition,  to  judge  from  numerous  observations,  appears  to  be  the 
more  probable  one. 

Carbolic  and  salicylic  acids  have  frequently  been  observ'ed  in  the 
urine;  Lepine  once  saw  a  nephritis  following  irrigation  with  chlorid  of 
zinc. 

Various  other  grave  accidents  and  cases  of  sudden  death  (see  page 
880)  used  to  be  observed  much  more  frequently  when  irrigation  of  the 
pleui-a  was  more  regularly  employed  than  it  is  at  present,  probably 
because  the  patients  were  exhausted  by  the  persistent  suppuration 
directly  attributable  to  the  irrigations  and  by  the  constantly  recur- 
ring irritation  of  the  pleura  and  vagus  encUngs,  kept  up  by  the  intro- 
duction of  fluids  when  the  strength  of  the  dose  was  not  always 
regulated  (plem'al  reflexes).  I  myself  observed  a  fatal  case  of  this 
kind  where  no  satisfactory  explanation  for  the  cause  of  death  was 
found  at  the  autopsy,  unless  it  were  a  marked  anemia  of  all  the 
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organs  aiul  a  certain  degree  of  fatty  degeneration  of  the  cardiac 
muscle. 

The  patient  showed  all  the  signs  of  extreme  anemia  and  marked  loss 
of  strength.  He  had  been  treated  by  irrigations  for  many  months  with- 
out producing  any  noticeable  dilatation  of  the  lung  or  even  diminution 
of  the  discharge,  which  Avas  purulent  and  very  profuse.  A  weak  luke- 
warm solution  of  permanganate  of  potassium  was  VLsed  one  day  while 
he  was  sitting  up,  and  before  a  quarter  of  a  liter  of  fluid  had  entered  the 
ca\aty  he  was  scizetl  A\ith  syncope  and  convulsions,  and  died  a  few 
minutes  later  with  all  the  signs  of  acute  heart  failure. 

Leichteiistern  ^  has  made  a  careful  anah^sis  of  the  cases  of  sudden 
death  in  pleural  exudate,  based  on  an  extensive  study  of  the  literature 
(see  page  881),  and  v.  Dusch  has  expressed  the  opinion  that  pieces  of 
thrombi  become  separated  from  the  compressed  lung  by  the  irrigations 
and  enter  the  circulation,  where  they  produce  embolism  of  the  larger 
arteries. 

This  cause,  in  our  opinion,  can  only  be  responsible  for  very  few 
cases;  in  most,  death  is  brought  about  by  a  sudden  disturbance  of  the 
circulation,  b}'  anemia  of  the  heart  or  brain,  by  reflex  inhibition  of  the 
vagus  or  of  the  respiratory  center,  or  by  sudden  heart  failure. 

Cases  of  sudden  death  after  incision  usually  occur  in  patients  who 
are  operated  upon  as  a  last  resort,  and  the  possibilit}'  of  death  occur- 
ring even  without  operation  must  therefore  be  taken  into  account. 
Death  in  such  cases  ma}"  also  be  due  to  shock,  especially  when  it  occurs 
in  patients  who  are  exhausted  by  protracted  disease. 

Convulsive  attacks  accompamdng  the  irrigations  of  the  pleura 
have  been  described  by  Auberue  ^ ;  they  are  sometimes  followed  by 
syncope  and  death;  in  other  cases  the  patients  recover  after  a  short 
interval  mthout  any  bad  consequences.  The  convulsive  movements 
are  said  to  be  more  pronounced  on  the  side  corresponcUng  to  the  dis- 
eased plem'a.  Milder  cases  in  which  the  con-\Tilsions  are  restricted  to 
one-half  the  bod)^  usually  the  affected  side,  are  described  by  Weill  ^ 
as  hemichoree  pleuretique. 

In  some  cases  permanent  paralysis  of  the  affected  side  of  the  body 
and,  in  rare  cases,  anesthesia  of  the  parts  result;  the  arm  is  usually 
affected  more  than  the  leg.  Lepine  observed  paralysis  of  the  arm  of  the 
affected  side,  w^th  muscular  atrophy. 

Among  the  accidents  which  may  occur  during  irrigation  or  in  cases 
where  catheters  or  drainage-tubes  are  introduced  into  the  thorax  after 
an  empyema  operation,  must  be  mentioned  the  entrance  of  some  ob- 
ject into  the  pleural  cavity,  such  as  instruments,  sponges,  or  dressing 
material,  and  it  is  therefore  important  to  see  that  all  instruments  and 
dressings  are  properly  secured.  Rubber  drainage-tubes  and  catheters 
should  never  be  introduced  into  the  wound,  even  when  the  opening 
is  smaU  and  the  canal  is  short,  -wdthout  passing  a  double  thread 
through  the  outer  extremitv  and  fastening  it  to  the  chest -wall  with 
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strips  of  adhesive  plaster,  or,  what  is  even  better,  tying  them  around 
the  entire  thorax.  To  secure  the  drainage-tube  by  means  of  a  stitch 
passed  through  the  skin,  as  is  the  practice  of  many  operators,  seems 
to  me  an  unnecessary  cruelty. 

An  interesting  case  of  death  from  the  entrance  of  a  foreign  body 
into  the  thoracic  cavity  during  an  empyema  operation  is  found  in  the 
Memoires  of  Madame  du  Hausset,*  the  lady-in-waiting  of  Madame  de 
Pompadour. 

The  young  Chevalier  de  Montaigu,  who  was  a  great  favorite  with  the 
Dauphin  and  had  been  brought  up  with  him,  developed  an  empyema 
which  necessitated  thoracotomy.  Although  the  operation  was  success- 
ful, the  patient's  condition  soon  afterward  became  much  worse,  and  he 
died  with  all  the  appearances  of  extreme  dyspnea,  although  no  cause 
for  this  unfortunate  termination  of  an  apparently  successful  operation 
could  be  found.  Owing  to  the  peculiar  nature  of  the  case  and  the  interest 
of  the  Dauphin,  the  body  was  opened  and  there  was  found  in  the  chest 
a  piece  of  the  leaden  syringe  with  which,  according  to  the  custom  of  that 
time,  certain  decoctions  had  been  introduced  into  the  thoracic  cavity. 

"The  surgeon  had  not  acknowledged  his  negligence  and  the  patient 
became  its  victim."  With  these  laconic  words,  which  contain  a 
wholesome  admonition  to  future  generations  of  surgeons  and  empha- 
size the  dangers  of  irrigation,  the  authoress  closes  her  account  of  the 
affair. 

Many  authors  mention  rapid  'putrefaction  of  the  cavity  among  the 
consequences  of  operation.  Cases  are  also  said  to  occur  where,  in 
spite  of  all  possible  precautions,  it  is  found  impossible  to  stop  the  ad- 
vance of  the  putrefactive  process  within  the  pleura.  If  such  cases 
have  never  come  within  my  observation,  it  is,  I  believe,  because  of  my 
custom  of  operating  as  soon  as  the  presence  of  pus  has  been  determined 
by  exploratory  puncture,  without  injuring  the  tissues  by  irrigation. 

If  the  healing  process  is  delayed  merely  by  the  formation  of  a  fistula 
with  callous  edges,  the  fistula  may  be  laid  open  or  scraped  with  a  curet. 
Since,  however,  these  fistulas  often  become  callous  simply  because  of  a 
small  cavity  at  their  central  extremity  which  can  only  be  closed  by 
granulation,  and  is  prevented  from  closing  by  the  pressure  of  the  pus 
when  it  is  retained  within  the  fistula  by  an  obstruction  at  the  external 
extremity,  it  is  always  advisable,  after  dilating  the  external  fistula  in 
its  entire  course,  to  introduce  a  catheter  down  to  the  bottom  before 
resorting  to  more  radical  measures.  In  this  way  a  free  outlet  for  the 
pus  is  secured,  the  dilatation  of  the  small  central  diverticulum  or  cav- 
ity by  the  accumulated  pus  is  arrested,  and  the  opening  is  slowly  closed 
by  granulations  which  ultimately  force  the  catheter  outward. 

I  once  effected  a  cure  in  a  case  in  which  there  was  a  fistula  17  cm.  in 
length  of  three  years'  standing,  traversing  the  entire  pleural  cavity, 
which  in  spite  of  dilatation  with  bougies  and  the  introduction  of  short 

* "  Memoires  de  Mme.  du  Hausset,"  publies  par  Hippolyte  Fournier,  Paris, 
1891. 
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drainage-tubes  persisted  in  closing  and  preventing  the  discharge  of  the 
secretions.  By  introducing  a  (h'ainage-tu])e  as  long  as  the  entire  canal 
and  allowing  it  to  be  forced  out  by  the  granulations  forming  at  the  central 
extremity,  the  fistula  was  closed  within  six  weeks.  In  this  case  there 
was  evidently  a  large  diverticulum  at  the  inner  extremity  of  the  canal, 
and  the  retention  of  pus  had  to  persist  as  long  as  the  peripheral  portion 
of  the  track  kept  closing  up  by  granulations  forming  behind  it;  that  is 
to  say,  to  the  central  side  of  the  drainage-tube,  which  was  too  short. 
As  soon  as  the  canal  was  kept  open  by  the  introduction  of  a  drainage- 
tube  of  sufficient  length  to  reach  to  the  end,  a  free  outlet  was  provided 
for  the  pus  contained  in  the  cavity,  the  cavity  diminished  and  finally 
became  closed,  after  which  the  fistulous  tract  also  could  become  obliter- 
ated. The  case  seems  to  us  important  because  of  the  striking  proof 
which  it  affords  of  the  correctness  of  our  views.  Although  thoracotomy 
with  resection  of  the  ribs  had  been  performed,  the  neglect  of  certain 
important  principles  during  the  after-treatment  was  punished  by  the  for- 
mation of  a  permanent  fi-stula  of  considerable  length  which  was  ultimately 
closed  "\Aithout  operative  interference. 

Whenever  from  one  cause  or  another  a  permanent  cavity  is  formed 
(the  chief  cause,  if  there  is  a  free  outlet  for  the  pus,  is  insuffiicient  ex- 
pansion of  the  lung),  the  size  of  the  cavity  should  be  carefully  deter- 
mined by  introducing  a  fluid  through  a  two-way  catheter  after  closing 
one  of  its  openings.  If  during  a  period  of  about  two  weeks  the  cavity 
is  found  to  contain  the  same  quantity  of  fluid,  though  it  does  not 
exceed  two  or  three  tablespoonfuls,  resection  of  one  or  more  ribs 
corresponding  to  the  outer  surface  of  the  ca\'ity  should  at  once  be 
resorted  to.  The  injection  of  such  substances  as  potassium  iodid  or 
tincture  of  iodin,  which  have  been  much  lauded  as  stimulants  to  the 
formation  of  granulations,  though  in  reality  they  possess  no  such 
\'irtue,  is  worse  than  useless.  The  onl}^  remedy  in  such  cases  is  re- 
section of  the  chest-wall,  and  the  operation  is  both  easy  and  promis- 
ing if  no  calcareous  deposits  have  formed  between  the  ribs  or,  as 
even  happens  sometimes,  the  soft  parts  have  not  undergone  ossifica- 
tion.    Resection  ought  to  be  performed  near  the  mouth  of  the  fistula. 

I  do  not  consider  it  advisable  to  make  a  counter-opening,  as  was 
formerly  done,  to  facihtate  the  escape  of  the  pus.  Resection  should  be 
quite  free,  so  that  the  opening  may  be  closed  by  the  soft  parts  coming 
into  immediate  contact  "^dth  the  surface  of  the  lung. 

Resection  should  not,  as  is  generally  believed,  merely  fulfil  the  pur- 
pose of  alloA\ang  the  pus  to  escape,  as  this  can  be  equally  well  accom- 
phshed  by  means  of  an  open  fistulous  tract.  The  operation  should 
include  removal  of  that  part  of  the  chest-wall  w^hich,  owing  to  its  con- 
cavity, is  unable  to  adapt  itself  to  the  surface  of  the  retracted  lung. 

The  greater  the  ca^dt}',  the  larger  the  section  of  chest-wall  to  be 
removed.  This  should  be  an  invariable  rule,  as  it  is  the  only  way  to 
gain  the  desired  end  without  injuring  the  patient  by  profuse  suppura- 
tion or  repeated  operations.  In  addition  to  securing  a  free  outlet  for 
the  pus,  the  complete  removal  of  the  ca^^ty  should  be  aimed  at. 
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On  this  principle  the  so-called  Estlander's  operation,  consisting 
in  the  resection  of  large  portions  of  the  chest-wall,  has  recently  been 
materially  elaborated,  especially  by  Schede.  ^  ^  Schede  's  operation  fulfils 
a  hitherto  unattainable  requirement — namely,  to  bring  about  closure 
of  the  thoracic  wall  when  the  lung  has  lost  its  power  of  expanding,  and 
the  rigid  walls  of  the  pleural  ca\dty  are  unable  to  adapt  themselves  to 
that  organ.  By  removing  not  only  the  ribs,  but  also  the  rigid  inter- 
costal spaces  over  the  entire  extent  of  the  empyema  cavity,  a  flap  con- 
sisting of  skin,  muscle,  and  scapula  is  obtained  which  readily  adapts 
itself  to  the  lung  and  becomes  adherent  to  it.  Recovery  by  this 
method  is  so  perfect  that  after  cicatrization  is  completed  and  the  pa- 
tient can  be  allowed  to  use  his  arms,  the  lung  gradually  expands  and 
respiration  is  fairly  well  re-established.  The  mutilated  thorax  gradu- 
ally regains  its  normal  aspect  and  the  scohosis  of  the  vertebral  column 
disappears. 

In  this  wa}^  Schede  ^^  succeeded  in  curing  five  out  of  seven  patients 
— an  unexpectedly  good  result  when  it  is  considered  that  these  patients 
would  otherwise  have  fallen  victims  to  amyloid  degeneration. 
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B.  PNEUMOTHORAX. 

L  DEFINITION  AND  HISTORICAL  NOTE. 

The  accumulation  of  atmospheric  air  or  gas  in  the  pleural  cavity  is 
designated  pneumothorax,  while  the  combination  of  fluid  and  air  is 
expressed  by  a  corresponding  additional  prefix,  the  temporal  or  causal 
relationship  of  the  phenomena  being  at  the  same  time  indicated  by  the 
relative  position  of  the  words.  Thus,  we  speak  of  pyopneumothorax 
and  hematopneumothorax  or  hemopneumothorax  when  the  condition 
was  preceded  by  the  presence  of  a  purulent  or  bloody  exudate,  while 
the  terms  pneumopyothorax  and  pneumohemothorax  indicate  a  primary 
escape  of  air  which  was  the  cause  of  the  accumulation  of  pus  or  blood. 

The  terms  pneumoserothorax  and  pneumohydrothorax  have  been 
proposed  by  Senator  and  Weil  for  serofibrinous  or  simple  serous  exudates 
caused  by  the  escape  of  air. 

This  subtle  distinction  can,  however,  be  carried  out  only  in  cases 
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where  the  progress  of  the  phenomena  is  under  observation  from  the 
very  beginning.  In  all  other  cases  it  is  difficult  without  an  explora- 
tory puncture  to  arri\'c  at  any  conclusion  in  regard  to  the  temporal 
relation  ])etween  the  morl)i(l  ])rocesses,  as  the  symptoms  produced  by 
a  small  amount  of  gas  in  the  presence  of  larger  masses  of  fluid  are  very 
slight,  and,  conversely,  the  presence  of  large  amounts  of  gas  makes  it 
difficult,  if  not  impossible,  to  demonstrate  the  presence  of  smaller 
masses  of  fluid. 

It  may  not  be  out  of  place  to  remark  that  in  no  other  clinical  con- 
dition has  the  zeal  for  classification  and  the  passion  for  physical  diag- 
nosis led  to  such  hair-splitting  distinctions  as  in  pneumothorax.  A 
modern  clinician  who  by  means  of  exploratory  puncture  or  b}^  evacu- 
ating an  exudate  can  at  once  secure  a  clear  understanding  of  the  condi- 
tions, and  the  physician  who  regards  diagnosis  not  as  an  object  in 
itself  but  as  the  foundation  for  prognosis  and  treatment,  find  it  diffi- 
cult to  realize  a  period  which,  proud  of  its  achievements  in  physical 
diagnosis,  was  constantly  stri^dng  to  discover  additional  shades  of 
difference  in  the  auscultatory  signs  and  to  treasure  up  rare  conditions, 
which  might  interest  the  students  of  pathologic  anatomy,  but  could 
be  of  no  practical  value  to  the  physician. 

That  in  very  ancient  times  the  accumulation  of  air  and  fluid  mthin 
the  pleural  sac  was  known  and  diagnosed  is  indicated  by  the  so-called 
succussion  splash,  with  which  the  name  of  Hippocrates  is  still  linked 
(succussio  Hippocratis) ,  and  we  have  observations  by  Morgagni  and 
others  to  prove  that  the  sign  did  not  fall  into  oblivion  dming  later 
ages. 

The  term  pneumothorax  was  originall}^  used  by  Itard,  and  the  doc- 
trine of  pneumothorax  was  elaborated  by  Laennec  to  such  a  degree  of 
perfection  that  only  a  few  immaterial  details  remained  for  the  con- 
tribution of  future  authors. 

In  spite  of  many  painstaking  efforts  to  investigate  the  mechanism 
and  cause  of  an  accumulation  of  air  within  the  pleural  cavity,  many 
an  enigma  is  yet  to  be  explained  owing  to  the  difficulty  of  tracing  the 
biologic  processes  to  their  physical  basis.  Even  in  the  domain  of 
physical  diagnosis,  where  many  obscmities  have  been  cleared  up  by 
the  pioneer  work  of  Skoda,  many  puzzling  questions  still  remain  to 
be  solved.     Physical  diagnosis  indeed  is  far  from  deserving  its  name. 
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Cases  of  pneumothorax  may  be  di\dded  into  three  groups,  the 
two  first  of  which  may  be  designated  accumulation  of  air  through 
fistula  formation,  and  the  last  as  closed  pneumothorax — in  part  also 
pneumothorax  from  internal  gas  production. 

The  cases  belonging  to  the  first  class,  which  may  also  be  termed 
pneumothorax  with  an  external  fistula,  are  produced  by  perforating 
wounds  of  the  outer  chest-wall,  and  are  in  a  sense  typified  in  the  opera- 
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tion  for  empyema.  Spontaneous  evacuation  of  pus  from  the  pleural 
cavity  or  empyema  necessitatis  with  fistula  formation  is  only  very 
rarely  followed  by  the  formation  of  a  pneumothorax,  because  the 
opening  is  so  narrow  that  the  discharge  of  pus  is  usually  proportional 
to  the  pressure  within  the  pleura.  The  expansion  of  the  lung  corre- 
sponds only  to  the  diminution  of  the  excess  of  pressure,  so  that  there 
is  no  possibility  of  the  air  being  drawn  in  from  without  to  fill  the  cavity 
produced  between  the  layers  of  the  pleura ;  but  with  a  large  opening 
like  an  operative  wound  the  expansion  of  the  lung  cannot  keep  pace 
^vith  the  rapid  evacuation  of  the  pus,  and  the  evacuation  of  the  pleural 
cavity  can  only  be  brought  about  by  the  entrance  of  air  from  without. 

In  the  second  form,  pneumothorax  with  an  internal  fistula,  the 
air  finds  access  through  perforations  in  the  pulmonary  pleura  and 
parenchyma  of  the  lung,  or  through  a  communication  with  the  air- 
containing  organs  of  the  mediastinum  or  of  the  peritoneal  cavity. 

If  the  fistula  becomes  closed,  an  example  of  the  third  class  or  closed 
pneumothorax  is  produced;  this  may,  however,  also  be  formed  with- 
out any  demonstrable  external  or  internal  fistula.  In  such  a  case  the 
air  is  either  derived  from  the  decomposition  of  the  exudate,  or  it  enters 
the  plem"a  from  the  torn  subserous  connective  tissue,  as  in  cutaneous 
emphysema,  or  it  is  possible  that  a  secretion  of  gas  by  the  lymph- 
spaces  of  the  pulmonary  pleura  takes  place  in  some  as  yet  unknown 
manner. 

In  a  great  many  cases  it  is,  of  course,  difficult  to  determine  the  true 
pathogenesis  of  a  closed  pneumothorax,  as  perforations  and  lacerations 
in  the  alveoli  of  the  lung  may  heal  over  completely  in  a  short  time  and 
altogether  escape  detection.  Even  in  the  costal  pleura  a  laceration 
the  result  of  an  emphysema  of  the  subserous  tissue  may  be  subsequently 
very  difficult  to  find. 

That  cases  of  spontaneous  gas  production  do  in  fact  occur  is  shown 
by  observations  reported  in  the  literature,  as  well  as  by  some  of  my 
own.  In  these  cases  a  sudden  accumulation  of  air  manifested  itself  very 
clearly  at  first  in  a  perfectly  healthy  lung,  and  either  became  arrested 
or  rapidly  underwent  absorption.  In  the  complete  absence  of  any  signs 
of  pulmonary  disease  both  before  and  after  the  development  of  the  con- 
dition, it  must  be  assumed  that  a  pulmono-pleural  fistula  which  has  in 
some  unexplainable  way  been  formed  became  closed  in  some  equally 
unexplainable  manner,  or  that  the  gas  escaped  without  any  solution  of 
continuity.  So  far  we  are  without  positive  proof  that  a  pneumothorax 
may  be  produced  by  this  species  of  gas  secretion,  and  the  complicated 
observations  which  bear  on  this  point  must  be  received  with  caution 
(see  pages  975  et  seq.). 

The  following  is  an  instructive  case  of  probable  traumatic  internal 
pneumothorax  in  a  perfectly  healthy  lung  ending  in  rapid  and  com- 
plete recovery: 

Internal  pneumothorax  without  demonstrable  fistula.  Distinct  metallic 
phenomena.  Recovery  without  exudate. — X.,  aged  fifteen,  school-boy, 
belongs  to  a  perfectly  healthy  family  and  has  always  been  healthy  him- 
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self.  After  severe  exertion  on  the  parallel  bars  he  suddenly  felt  violent 
stabbing  pains  over  the  center  of  the  chest  and  over  the  left  side,  with 
increasing  dyspnea  on  movement.  The  patient  at  once  went  to  bed, 
and  when  I  saw  him  the  next  day  he  showed,  when  in  the  recumbent 
position,  no  signs  of  dyspnea  in  the  alae  of  the  nose  or  muscles  of  the  neck; 
there  was  no  c}'anosis  and  no  reduction  in  the  temperature  of  the  ex- 
tremities. The  appetite  was  good,  the  pulse  was  not  accelerated,  the 
respiratory  rate  varied  between  20  and  2-i  per  minute. 

The  left  half  of  the  thorax  appeared  to  be  somewhat  dilated,  although 
there  was  no  bulging  of  the  intercostal  spaces.  The  respiratory  excur- 
sions on  this  side  were  materially  diminished,  the  apex-beat  was  only 
faintly  visible,  and  nothing  abnormal  was  to  be  seen  in  the  abdomen. 
There  was  certainly  no  dislocation  of  the  liver. 

On  percussion  there  was  heard  on  the  left  side,  as  far  do^\'n  as  the 
third  intercostal  space,  both  anteriorly  and  posteriorly,  a  very  loud 
and  deep  non-tympanitic  note  compared  to  which  that  of  the  other 
half  of  the  thorax  appeared  dull.  Below  the  fourth  rib  there  was  no 
marked  deviation  from  the  normal.  Traube's  semilunar  space  was  not 
diminished  and  there  was  no  dulness  over  the  postero-inferior  portions 
of  the  lung. 

On  auscultation  of  the  left  lung  no  abnormalities  beyond  a  slight 
accentuation  of  the  vesicular  murmur  were  obtained.  Over  the  entire 
upper  portion  of  the  left  lung  the  respiratory  murmur  was  inaudible 
during  ordinary  breathing.  A^Tien  the  patient  was  asked  to  breathe 
deeply,  distinct  amphoric  breathing  with  a  high  metallic  adventitious 
sound  was  heard.  Beautiful  metallic  phenomena  were  also  obtained 
when  the  patient  coughed,  and  from  time  to  time  a  very  distinct  tintement 
metaUiqiie  was  heard.  No  succussion  splash  was  elicited  by  shaldng  the 
patient ;  on  the  other  hand,  a  beautiful  metallic  echo  (after-sound)  was 
elicited  over  the  entire  anterior  surface  of  the  thorax  by  striking  the 
pleximeter  Anth  the  handle  of  the  plessor.  From  the  fourth  intercostal 
space  doAATi,  both  posteriorly  and  on  the  lateral  wall,  there  was  weak 
vesicular  breathing,  gradually  changing  into  the  above-described  am- 
phoric type.  The  heart  sounds  were  accompanied  by  a  very  slight 
metallic  overtone  {Beiklang).  Under  simple  symptomatic  treatment 
all  these  phenomena  disappeared  "^dthin  a  few  days. 

On  the  fourth  day  the  patient's  condition  was  entireh'  normal  and  he 
was  able  to  leave  his  bed,  and  since  that  time,  for  a  period  of  ten  j'ears, 
has  never  been  attacked  by  any  pulmonary  disease. 

In  A^iew  of  the  undoubted  occurrence  of  gas  production  in  exudates 
in  all  caAdties  of  the  body  there  does  not  appear  to  be,  in  my  opinion, 
any  valid  objection  to  the  A^ew  maintained  by  Biermer  and  Senator, 
that  gas  may  be  produced  by  the  entrance  of  germs  (bacteria)  into  a 
pleural  ca\dty, — which,  so  far  as  our  methods  are  concerned,  must  be 
regarded  as  closed, — AAdthout  any  atmospheric  air  necessarily  gaining 
access  to  the  ca^dty. 

The  question  why  this  air  does  not  at  once  become  reabsorbed  is  no 
answer  to  the  argument,  for  neither  the  air  nor  the  exudate  from  wliich 
it  is  derived  can  be  absorbed  as  long  as  the  inflammatory  conchtion  of 
the  serous  membrane  persists,  and  the  very  tendency  to  secrete  an 
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exudate  and  allow  it  to  accumulate  in  the  available  space  presupposes 
a  marked  reduction  in  the  power  of  absorption. 

Since,  therefore,  the  resorptive  processes  are  completely  abolished 
during  the  period  of  exudation,  especially  as  far  as  the  complicated 
albuminous  bodies  are  concerned,  a  double  opportunity  is  afforded  for 
the  entrance  and  colonization  of  micro-organisms;  for  the  blood- 
supply,  on  the  one  hand,  is  greatly  increased,  and,  on  the  other  hand, 
there  is  a  greater  obstacle  to  the  removal  of  the  deleterious  substances 
— ^reason  enough  for  the  free  action  of  gas-producing  micro-organisms 
on  the  pleural  contents. 

In  addition  to  this,  the  spaces  and  clefts  within  the  tissues  of  the 
irritated  pleura  are  widely  patulous  and  offer  little  resistance  to  the 
passage  of  foreign  elements,  all  of  which  considerations  abundantly 
justify  us  in  entertaining  the  possibility  of  gas  production  without 
solution  of  continuity  or  communication  with  the  external  atmos- 
phere. 

Nor  does  it  seem  to  us  impossible  that,  even  without  the  entrance 
of  micro-organisms,  gas  may  be  spontaneously  developed  from  the 
fluid,  either  by  the  absorbed  gas  being  liberated  under  certain  conditions 
of  pressure  and  temperature,  or  by  carbonic  acid  and  other  forms  of  gas 
becoming  liberated  in  the  form  of  salts  containing  carbonic  acid,  or  in 
some  other  way  by  chemical  decomposition.  When  the  vital  influence 
of  the  tissues  on  their  environment  and  their  contents  becomes  im- 
paired by  the  energy  developed  in  the  performance  of  the  essential, 
local  (interstitial)  tissue  work,  when  the  cohesion  of  the  parts  is  relaxed, 
some  special  form  of  decomposition  or  rearrangement  of  molecules  may 
be  assumed  to  take  place  in  the  fluid  contents,  which  eventuates  in  the 
production  of  gas.  Even  in  the  arteries  free  gas  occasionally  develops 
after  death  and,  under  certain  circumstances,  even  during  life. 

I  agree  with  Senator  that  the  possibility  suggested  by  Bucquoy  of 
gas  being  produced  in  an  exudate  after  the  pressure  has  been  lowered 
by  the  removal  of  a  few  syringefuls  of  fluid,  does  not  deserve  much 
consideration,  if  only  for  the  reason  that  diminution  of  the  exudate  is 
not  always  identical  with  diminution  of  the  pressure  on  its  surface,  by 
means  of  which  the  excess  of  pressure  in  the  pleural  cavity  is  said  to  be 
transmitted  to  the  internal  gas  pressure — namely,  that  of  the  gases  in 
solution.  Such  a  result  would  presuppose  absolute  rigidity  of  the 
chest-wall,  inability  of  the  lung  to  expand,  the  impossibility  of  neigh- 
boring organs  being  displaced,  and  a  marked  diminution  of  the  pleural 
contents,  a  series  of  factors  which  are  probably  never  present  at  one 
time  during  life,  or,  if  they  are  present,  give  rise  to  some  other  condi- 
tions favoring  the  entrance  or  formation  of  gas.  After  death,  when 
the  tonus  is  entirely  abolished,  this  formation  of  gas  from  the  fluids  of 
the  body  is  a  constant  occurrence.  It  is  all  but  certain,  in  fact,  that 
the  postmortem  emptying  of  the  arteries  is  chiefly  brought  about  by 
the  pressure  of  the  gas  generated  from  the  blood  (see  page  916). 

Hence  in  the  not  infrequent  cases  where  no  perforation  is  to  be 
found,  it  may  be  assumed  that  gas  is  spontaneously  generated  by  a 
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rearrangement  or  change  in  combination  of  the  component  parts  of 
the  fluid,  or  by  the  action  of  the  germs  of  putrefaction,  since  the  com- 
position of  the  gas,  as  a  rule,  does  not  indicate  an}^  similarity  with 
atmospheric  air. 

According  to  Ewald's  investigations,  the  partial  pressure  of  the 
carbonic  acid,  which  is  the  most  common  gas  found  in  plem-itic  fluids, 
is  very  slight.  In  serous  exudates  it  varies  between  7.5%  and  11.5%, 
and  does  not  exceed  20%  in  purulent  exudates.  This  point  vnW  be  referred 
to  again  further  on. 

Among  the  causes  favoring  entrance  of  air  from  within  must  be 
especially  mentioned  tuberculous  disease  of  the  lung.  Communica- 
tions between  the  air-passages  and  the  pleura  are  produced  by  the 
disintegrating  process  whenever  such  a  result  is  not  prevented  by 
adhesions  between  the  pleural  layers. 

Many  authors  believe  that  such  a  rupture  of  degenerated  lung 
tissue  or  of  a  large  cavity  is  always  produced  by  a  paroxysm  of  cough- 
ing or  some  other  sudden  movement,  such  as  sneezing,  bearing-down, 
etc.,  which  directly  act  on  the  parenchyma  of  the  lung.  I  cannot 
agree  with  this  view,  for  I  have  seen  pneumothorax  develop  in  a  large 
number  of  cases  quite  slowly  and  gradually  and  without  any  violent 
phenomena,  and  cases  are  known  where  rupture  occurred  not  in  the 
region  of  a  large  cavity,  but  in  a  small  cheesy  focus  surrounding  a 
bronchus. 

I  have  often  observed  the  entire  absence  of  pleural  adhesions  over 
very  large  cavities,  which  presented  the  peculiar  jelly-hke  movement 
of  the  surface  as  soon  as  the  lung  was  exposed. 

Unless  dense  adhesions  are  found  over  the  entire  pleura  when  the 
organ  is  removed  from  the  body,  the  escape  of  air  cannot  be  attributed 
to  the  biu-sting  of  a  cavity,  for  a  weak  spot  in  the  organ  is  obviously 
much  more  apt  to  be  torn  during  the  removal  of  the  lung  postmortem 
than  during  life.  If  death  occiu-s  several  hours  or  days  after  the  en- 
trance of  air,  the  rupture  of  a  cavity  or  of  a  pulmonary  focus  can,  in 
our  opinion,  be  regarded  as  the  cause  of  the  pneumothorax  only  when 
numerous  fresh  fibrin  deposits  are  found  immediately  surrounding  the 
opening. 

In  addition  to  the  caseous  process,  other  forms  of  the  pulmonary 
disease,  abscess  and,  particularly,  gangrene  of  the  lung,  may  lead  to 
perforation  of  the  necrotic  pleura.  Gangrenous  areas  produced  by 
infectious  emboli  or  pneumonia  are  particularly  apt  to  be  found  on  the 
surface,  or,  if  they  are  central,  always  extend  as  far  as  the  periphery. 

In  these  cases  perforation  is  usually  preceded  by  the  formation  of 
serous  or  purulent,  and  almost  always  offensive  exudate,  just  as  in 
peritonitis,  where  the  formation  of  gas  is,  as  a  rule,  preceded  by  a 
putrid  suppuration  of  some  standing. 

Pneumothorax  following  putrid  pleurisy  is  a  comparatively  rare 
occurrence,  because  the  layers  of  the  pleura  early  become  adherent 

62 


978  PNEUMOTHORAX. 

and  prevent  rupture,  I  have,  however,  observed  this  compHcation 
once  or  twice,  and  it  is  to  be  remembered  that  a  perforation  is  not 
always  required  for  the  production  of  gas,  which  may  be  generated  in 
purulent  or  serous  fluids  by  the  action  of  gas-producing  micro-organ- 
isms or  some  other  cause.     (See  May  and  Gebhard's  case.) 

As  pneumothorax  is  rarely  produced  by  the  formation  of  a  spon- 
taneous external  pulmonary  fistula  (empyema  necessitatis),  where  the 
escape  of  the  pus  is  in  proportion  to  the  rise  of  the  pressure  and  is  not 
accompanied  by  the  entrance  of  air,  so  it  is  equally  rare  after  the  for- 
mation of  an  internal  pulmonary  fistula  by  perforation  of  an  exudate 
into  the  bronchi,  probably  because  the  size  of  the  opening  and  the 
pressure  conditions  are  such  as  to  render  the  simultaneous  escape  of 
pus  and  entrance  of  air  impossible.  To  explain  this,  there  is  no  need 
of  assuming  that  there  is  a  special  form  of  fistula,  a  so-called  valvular 
closure,  any  more  than  to  explain  the  fact  that  it  is  impossible  to 
drink  out  of  a  bottle  with  a  very  small  opening  or  that  water  cannot 
flow  through  a  very  small  tube  unless  a  second  opening  is  made  to 
allow  the  air  to  enter. 

That  an  escape  of  air  may  take  place  through  the  spontaneous 
laceration  of  an  alveolus  (in  emphysema  or  even  in  an  apparently 
healthy  lung)  by  a  sudden  insult  to  the  thoracic  organs,  and  also  under 
certain  as  yet  unknown  local  conditions,  has  already  been  mentioned. 
Extravasations  of  blood  or  hemorrhages  within  the  lung  tissue  may 
also  be  the  cause  of  a  slight  tissue  necrosis  ending  in  the  formation  of  a 
pleuro-pulmonary  fistula. 

Traube  asserts  that  he  has  observed  pneumothorax  after  severe  con- 
cussion of  the  entire  body  mthout  any  demonstrable  injury  to  the  ribs. 

That  the  escape  of  air  necessarily  demands  a  distinct  laceration  in  the 
lung  appears  to  me  very  doubtful,  notwithstanding  such  a  basis  is  by 
present  opinion  regarded  as  indispensable.  It  appears  to  be  proved  by 
experimental  investigations  concerning  the  pleura,  and  particularly  by 
certain  processes  in  the  intestinal  tract,  that  membranes  are  capable  of 
secreting  gas  or  that  gas  is  eliminated  from  the  vessels  through  clefts  and 
open  spaces,  and  even  through  the  cells  themselves,  so  that  it  cannot  be 
absolutely  denied  that  air  may  under  abnormal  conditions  be  generated 
by  the  pleura  by  a  kind  of  secretory  process.  Although  the  question  has 
not  as  yet  been  settled,  it  seems  to  us  not  improbable  that  in  many  cases 
where  the  most  careful  examination  failed  to  demonstrate  any  injury 
of  the  pulmonary  or  costal  pleura  the  escape  of  air  is  to  be  attributed 
to  some  temporary  impairment,  irritation,  or  paralysis  of  the  pleura 
affecting  its  power  of  secreting  gas  or  preventing  the  escape  of  gas.  The 
question  is  important  enough  to  merit  further  experimental  investigation. 

Disregarding  certain  mechanical  conditions  which  prevent  a  lower- 
ing of  the  pressure  at  the  perforation,  the  escape  of  gas  is  dependent 
upon  the  character  of  the  opening  and  the  conditions  of  the  pulmonary 
tissue,  the  pressure  changes  incident  to  respiration,  the  character  of 
the  exudate,  and  possibly  also  the  height  of  the  column  of  fluid.  The 
thicker  and  more  tenacious  the  pleural  fluid,  the  denser  and  more  ex- 
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tensive  are  the  adhesions  and  the  greater  the  resistance  offered  to  the 
escape  of  gas.  Thiis,  as  Traube  has  obscr\'ed,  an  cxtensi\'e  exudate 
may  be  expectorated  through  the  spongy  lung  tissue  without  any  air 
entering  the  pleural  cavity.  In  such  a  case  the  failure  of  pneumo- 
thorax to  develop  can  only  be  explained  by  assuming  that,  owing  to 
the  rapid  inflation  and  perfect  elasticity  of  the  non-compressed  por- 
tions and  the  atelectasis  of  the  compressed  portions  through  which 
the  exudate  passes,  the  pressure  at  the  site  of  perforation  or  the  local 
obstacle  to  the  air-current  is  always  much  greater  even  during  inspira- 
tion than  it  is  in  other  portioas  of  the  lung. 

Pneumothorax  w^ould  probably  be  produced  more  often  were  it  not 
that  o^^^ng  to  the  very  free  communication  of  the  bronchial  systems 
of  both  lungs  the  differences  during  inspiration  and  expiration  are 
usually  neutralized  at  some  point  distant  from  the  site  of  perforation. 
If  the  diseased  lung  fails  to  respond  to  the  traction  of  the  inspira- 
tor}^ muscles,  more  air  is  forced  into  the  healthy  lung  during  inspira- 
tion, while  during  expiration  the  expelled  air  encounters  less  resistance 
in  the  large  air-passages  than  in  the  diseased  or  collapsed  inflamma- 
tory portions  of  the  lung.  For  this  reason  pneumothorax  is  not  pro- 
duced in  many  cases  in  which  its  occurrence  would  be  expected  on 
theoretic  grounds;  or  if  it  is  produced,  its  volume  diminishes  more 
rapidly  than  ought  to  be  expected. 

No  accurate  data  can  be  given  in  regard  to  the  effect  of  the  various 
tissue  changes  on  the  production  of  pneumothorax,  as  we  depend 
altogether  on  the  statistics  of  hospitals,  where,  of  course,  chronic  pul- 
monary disease  is  far  more  common  than  any  other  etiologic  factor. 
It  may,  how^ever,  be  asserted  with  tolerable  accuracy  that  the  number 
of  cases  due  to  tuberculosis  is  from  ten  to  fifteen  times  as  great  as  that 
of  all  other  forms,  among  which  gangrene  of  the  lung  again  predomi- 
nates (Morse). 

According  to  accurate,  although  not  ver\'  extensive,  statistics  by 
Weil,  from  8%  to  10%  of  phthisical  subjects  show  symptoms  of  pnemno- 
thorax,  the  two  sexes  being  equally  represented. 

The  question  whether  acute  or  chronic  cases  of  phthisis  show  a 
greater  cUsposition  to  pneumothorax  has  also  been  investigated.  Xo 
definite  conclusion  can,  however,  in  our  opinion,  be  arrived  at,  because 
it  is  usually  impossible  to  decide  whether  the  perforation  is  due  to  the 
sudden  breaking-down  of  an  acute,  or  to  the  gradual  decomposition  of 
a  chronic  tuberculous  focus,  or  merely  to  rupture  of  an  emphysema- 
tous alveolas.  In  most  cases  the  duration  of  pneumothorax,  whether 
it  end  in  recovery  or  in  death,  extends  over  days  or  weeks,  so  that  the 
local  condition  of  the  tissues  at  the  time  the  escape  of  air  occurred 
cannot  be  satisfactorih'  determined. 

One  thing  is  certain,  namelj",  that  chronic,  disseminated  broncho- 
pneumonia, which  is  more  often  associated  ^^'ith  dense  adhesion  of  the 
pleura  than  is  the  simple  caseous  lobar  pneiunonia,  more  rarely  leads 
to  pneumothorax  because  rupture  does  not  occm-  in  the  presence  of 
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dense  pleural  adhesions  except  under  very  special  circumstances,  such 
as  an  unusually  rapid  break-down  of  a  gangrenous  focus  at  the  periph- 
ery, with  secondary  necrosis  of  the  pleura. 

I  twice  observed  the  occurrence  of  pneumothorax  in  whooping- 
cough;  both  cases  occurred  in  small  children  and  both  ended  fatally. 
The  cause  of  the  pneumothorax  was  not  definitely  determined,  as  there 
were  no  autopsies.  It  is  probable,  however,  that  in  one  case  the  com- 
pHcation  was  due  simply  to  rupture  of  an  alveolus  by  the  unusually 
severe  and  persistent  paroxysms  of  cough,  while  in  the  second  case  the 
accident  may  have  been  due  to  necrosis  of  a  bronchopneumonic  focus, 
physical  signs  of  which  were  present. 

In  abscess  of  the  lung  following  pneumonia,  pneumothorax  is  not  a 
common  complication,  because  the  abscess,  as  a  rule,  soon  becomes 
encapsulated. 

It  may  be  incidentally  mentioned  that  pneumothorax  may  also  be 
produced  by  the  rupture  of  echinococcus  cysts. 

Pneumothorax  due  to  an  ulcerating  tumor  of  the  thoracic  wall, 
to  peripleuritic  abscess,  or  to  caries  of  the  ribs  is  very  rare, 
because  in  all  such  cases  the  development  of  the  condition  is 
accompanied  by  obliterating  processes  in  the  pleura.  It  is  somewhat 
more  frequent  as  a  complication  of  rupture  of  a  mediastinal  suppura- 
tion, rupture  of  an  esophageal  carcinoma,  tuberculosis,  pericardi- 
tis, and  ulcerative  processes  in  the  intestinal  tract.  A  few  cases 
are  produced  by  direct  suppuration  or  ulcerative  processes  in  the  larynx 
or  esophagus  by  a  foreign  body. 

Pneumothorax  due  to  external  traumatism,  stab  and  gunshot 
wounds,  etc.,  does  not  fall  within  the  province  of  this  article. 


m.  MECHANISM  OF  PNEUMOTHORAX. 

Notwithstanding  the  large  number  of  available  investigations, 
including  especially  the  older  clinical  and  experimental  investigations 
by  Wintrich  and  the  more  recent  ones  by  Weil,  the  mechanism  in- 
volved in  the  production  of  large  accumulations  of  air  in  the  pleura 
appears  to  us  still  to  require  some  elucidation.  When  it  is  considered 
that  after  an  empyema  operation,  in  spite  of  the  free  opening  of  the 
intercostal  space  and  in  spite  of  complete  and  persistent  retraction  of 
the  lung,  the  two  surfaces  of  the  pleura  may  become  completely  ad- 
herent within  a  few  days,  or  even  a  few  hours,  providing  the  lung  is 
capable  of  expanding  and  the  healing  process  has  not  been  disturbed 
by  improper  methods  of  treatment,  such  as  forced  irrigation,  or  by 
destructive  processes  in  the  lung — when  it  is  further  considered  that 
under  the  most  varied  conditions  as  regards  the  tissues  and  character 
of  the  opening  we  may  have  at  one  time  pneumothorax  with  high 
pressure,  and  at  another  time  slight  or  barely  demonstrable  escape  of 
air;  and,  finally,  since  these  clinical  investigations  are  further  con- 
firmed by  experiment,  it  appears  evident  that  the  pathogenesis  of 
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pneumothorax  is  not  so  simple  as  to  be  explainable  solely  by  the 
mechanical  conditions  without  regard  to  the  local  or  general  tonus, 
that  is  to  say,  the  mechanism  at  the  site  of  perforation  and  the  changes 
in  the  innervation  of  the  entire  respiratory  apparatus. 

If,  after  dividing  the  skin,  the  intercostal  spaces  of  an  animal  are 
perforated  with  a  blunt  cannula  and  an  attempt  is  made  to  introduce 
air  or  fluid  under  moderate  pressure,  an  enormous  resistance  is  en- 
countered. It  is  often  quite  difficult,  and,  if  the  animal  is  not  anes- 
thetized, even  impossible,  to  produce  pneumothorax  or  hydrothorax; 
or,  in  other  words,  to  introduce  a  foreign  medium  into  the  pleural 
cavity  at  the  expense  of  the  pulmonary  volume.  E\^en  when  a  large 
opening  is  made,  the  lungs,  if  the  animal  is  not  anesthetized,  do  not 
collapse  to  the  same  extent  as  is  usually  observed  in  the  cadaver. 

It  is  evident,  therefore,  that  the  li^dng  organism  possesses  an  appa- 
ratiLS  wliich  reinforces  the  coaptation  of  the  pulmonary  and  costal 
plem-a;  and  the  fimction  of  tliis  apparatus  is  the  more  perfect,  the 
better  the  state  of  the  respiratory  apparatus  itself.  It  seems  to  be 
almost  as  difficult  to  draw  apart  tv\'o  glass  plates  as  to  separate  the 
two  healthy  plem'al  sm'faces  by  a  foreign  agent,  as  the  wound  appears 
to  become  at  once  hermetically  closed  by  vicarious  acti\dty  (increased 
expansion)  of  parts  at  some  cUstance  from  the  wound. 

The  same  thing  is  true  of  wounds  in  the  pulmonar}^  pleura,  the 
healing  of  which  is  even  facilitated  by  the  fact  that  the  first  escape  of 
air  causes  the  parts  immediately  surromiding  the  incision  to  collapse, 
and  thus  acts  as  a  kind  of  tamponade  which  prevents  the  further  en- 
trance of  air  into  the  peripheral  portions,  and  therefore  also  interferes 
with  escape  of  the  air  into  the  pleural  sac.  In  the  same  way  the  open- 
ing is  immediately  occluded  in  cases  of  hemorrhages,  extravasations  of 
serum,  or  formation  of  fibrinous  or  inflammatory  products,  unless 
there  happens  to  be  a  gaping  bronchus,  not  to  speak  of  the  intrinsic 
elasticity  of  the  tissues. 

It  is  ob^^ious  that  the  compensatory  dilatation  of  remote  portions, 
as  explained  above,  is  in  direct  proportion  to  the  intensity  of  the  local 
intrapleural  pressure  which  affects  contraction  of  the  lung  in  the  im- 
mediate \dcinity  of  the  fistula.  This  local  external  expiratory  stimulus 
acts  as  an  inspiratory  stimulus  for  those  parts  which  are  not  under 
the  direct  influence  of  the  foreign  stimulus ;  or,  in  other  words,  am^ 
stimulus  which  is  capable  of  producing  collapse  of  one  portion  of  the 
lung  reflexly  induces  expansion  of  adjoining  portions,  and  thus  the 
diminution  of  volume  is  compensated  for  as  much  as  possible. 

Whether  we  have  to  do  with  a  pneimiothorax,  with  an  external, 
internal,  or  combined  form  of  fistula,  the  inflation  of  the  plem'al  ca^-ity 
during  inspiration  necessary  for  any  extensive  accumulation  of  air  will 
require  more  favorable  conditions  for  the  entrance  of  air  into  the 
pleural  cavity  than  for  the  expansion  of  the  lung,  which  is  the  only 
factor  concerned  in  maintaining  constant  direct  contact  between  the 
pleural  layers,  and  thus  hindering  the  escape  of  air. 
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A  cavity  can  be  produced  between  the  two  layers  of  the  pleura  only 
when  the  lung  is  incapable  of  expanding,  and  the  pulmonary  pleura 
during  inspiration  becomes  separated  from  the  costal  pleura,  when  the 
pleura  or  thoracic  wall  during  inspiration  fails  to  undergo  uniform 
concentric  shrinking,  or  the  abdominal  viscera  are  unable  to  follow  the 
movements  of  the  diaphragm.  In  other  words,  if  there  is  an  adequate 
communication  between  the  lung  and  the  pleural  cavity,  the  pleura 
will  be  filled  both  during  inspiration  and  during  expiration;  while  if 
one  or  the  other  of  these  factors  predominates,  an  increase  of  the  accu- 
mulation of  air  can  occur  only  in  one  of  the  two  phases. 

In  any  case,  whether  there  is  an  open  fistula  or  one  that  can  be 
closed,  there  must  be  some  disturbance  in  the  relations  between  the 
lung  and  the  thoracic  wall  and  some  alteration  of  the  tissue  tonus  to 
facilitate  the  entrance  of  air. 

It  seems  to  us,  therefore,  that  the  nature  of  the  fistulous  opening, 
the  so-called  valve-formation,  on  which  a  special  subdivision  into  open 
and  closed  valvular  pneumothorax  has  been  based,  is  of  less  impor- 
tance than  the  condition  of  the  respiratory  apparatus  itself — that  is  to 
say,  the  nature  of  the  tissue  and  its  power  of  performing  accurate  work 
by  which  a  movement  of  the  parts  in  the  same  direction  is  produced 
during  respiration.  Paradoxical  as  it  may  sound,  the  real  provisional 
closure  does  not  take  place  at  the  site  of  perforation.  It  is  owing  to 
the  behavior  of  the  other  portions  that,  in  spite  of  the  existence  of  an 
opening,  little  or  no  air  can  escape  through  the  pulmonary  or  costal 
pleura.  The  compensatory  change  in  the  volume  of  the  lung  is  such 
that  there  is  no  room  for  the  air  and  no  increase  of  the  available  space 
in  the  pleura. 

Maintenance  of  the  normal  pressure  relations  will,  of  course,  depend 
on  the  size  of  the  opening,  the  rigidity  of  its  walls,  the  elasticity  of  the 
lung  tissue  in  the  immediate  vicinity,  and  the  irritability  of  the  reflex 
apparatus. 

When  there  is  a  direct  communication  between  a  large  bronchus 
and  the  site  of  perforation,  or  when  a  small  rigid  bronchus  gapes  at  the 
surface  of  the  pleura,  the  mechanism  is  of  course  unable  to  act,  and  the 
fistula  cannot  be  securely  closed  because  the  pulmonary  air  communi- 
cates with  the  pleural  cavity  by  means  of  a  relatively  large  canal  with 
rigid  walls.  In  this  case  the  pressure  of  the  air  on  the  opposed  sur- 
faces of  the  pleura — in  the  capillary  space — must  be  greater  than  on 
the  bronchial  side  of  the  other  portions  of  the  lung,  where  it  is  dimin- 
ished by  the  full  extent  of  the  elasticit}^  and  of  the  tonus  of  the  lung 
(which  is  capable  of  retracting),  and  air  will  therefore  enter  the  ca^dty 
at  each  inspiration,  and  possibly  also  during  expiration,  if  the  air- 
pressure  in  the  bronchial  system  is  greatly  increased  during  this 
phase. 

In  the  same  way  the  costal  pleura  becomes  separated  from  the 
pulmonary  pleura,  and  air  is  drawn  into  the  cavity  when  there  is  any 
diminution  in  the  tonus  of  the  lung  (which  is  not  to  be  confounded  with 
impairment  of  physical  elasticity),  any  alteration  in  the  lung  tissue 
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offering  an  increased  resistance  to  the  internal  air-pressure  which 
expands  the  Kuig,  and,  finall}^,  tluring  every  inspiratory  movement. 
The  greater  the  rigitUty  of  th(>  puhnonary  tissue,  the  larger  will  be  the 
amount  of  air  drawn  into  the  pleural  cavity.  If,  owing  to  the  insuffi- 
cienc}''  of  the  internal  pressure  (the  intrapulmonary  column  of  air),  the 
expansion  of  the  lung  in  the  vicinity  of  the  fistula  fails  to  keep  pace 
with  the  escape  of  air  from  a  bronchus  opening  at  that  point  or  from 
any  other  opening  surrounded  by  unyielding  tissue,  every  facility  is 
afforded  for  the  free  access  of  air  to  the  pleural  cavity  until  the  amount 
of  air  passing  through  the  fistula  becomes  less  than  that  which  enters 
and  inflates  the  organ. 

A  number  of  other  factors  may  of  course  also  enter  into  the  ques- 
tion and  modify  the  ultimate  result,  but  a  satisfactory  general  idea  of 
the  mechanism  and  the  variety  of  possible  combinations  may  be  ob- 
tained from  the  above  explanation. 

It  is  to  be  remembered  that  the  pulmonary  tissue  is  under  the  influ- 
ence of  an  active  tonus  and  that  the  inspiratory  expansion  does  not 
depend  merely  on  the  difference  between  the  internal  and  external 
air-pressure,  as,  for  instance,  in  an  inflated  rubber  ball,  but  chiefly  on 
the  relaxation  of  the  tonus.  It  is  analogous  to  the  diastole  of  the  heart, 
where  the  dilatation  of  the  cavity  is  not  efl^ected  by  the  pressure  of  the 
blood,  since  the  blood-current  merely  fills  a  capillary  space  formed  by 
relaxation  of  the  tonus.  In  the  same  way,  during  the  respiratory 
expansion  of  the  lungs  inflation  of  the  organ  is  performed  purely  by 
the  variations  in  tonus  without  any  actual  distention  by  increase  of 
air-pressure. 

The  pressure  on  the  pulmonary  tissue  must  not  be  greater  at  the 
end  than  at  the  beginning  of  a  full  inspiration,  paradoxical  as  this  may 
sound,  and  notwithstanding  the  fact  that  our  manometric  methods 
indicate  a  slight  (negative)  difference  in  the  trachea.  A  true  physical 
distention  could  be  effected  only  b}^  abolition  of  the  vital  tonus.  The 
muscles  which  dilate  the  thorax  do  not  contract  until  the  lung  begins 
to  relax ;  they  then  contract  in  proportion  to  the  relaxation  of  tonus, 
and  thus  bring  about  filling  without  distention.  The  muscles  relax 
again  only  when  the  tonus  of  the  lung  is  restored  and  gives  the  signal 
for  expiration.  Both  processes  are  controlled  by  a  reflex  innervation,  a 
far-reaching  synergy,  so  as  to  preserve  precision  in  the  co-operation  of 
the  various  parts  of  the  apparatus  (see  page  915). 

To  recapitulate,  the  greater  the  differences  in  pressure  in  the  sys- 
tem of  canals  communicating  with  an  internal  pleural  fistula  and  in  the 
other  portions  of  the  internal  surface  of  the  lung  which  still  retain 
their  normal  power  of  retraction,  the  freer  the  entrance  of  air  into  the 
pleura. 

At  the  mouth  of  the  fistula,  especially  if  it  is  surrounded  with  rigid 
walls,  the  pressure  between  the  layers  of  the  pleura  during  the  respiratory 
pause  falls  from  full  atmospheric  pressure  to  zero;  during  inspiration 
the  pressure  falls  to  a  negative  point  corresponding  to  the  degree  of 
rarefaction  possible;  during' expiration  the  pressure  falls  to  a  level  deter- 
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mined  by  the   (positive)  increase  of  pressure  in  the  bronchi  and  the 
pressure  within  the  pleural  cavities. 

The  pressure  within  the  pleura,  provided  there  are  any  respiratory 
movements  at  all  on  the  affected  side,  making  it  possible  for  an  air- 
containing  space  to  be  formed,  depends  on  the  extent  of  this  space  and 
the  amount  of  the  escaping  gas. 

Outside  of  the  fistula,  where  the  air  is  confined  between  the  pleura 
and  the  lung,  the  pressure  depends  on  the  tonus  of  the  lungs  and  of 
the  chest-wall.  The  pressure  on  the  inner  surface  of  the  pleural  cavity 
is  diminished  by  an  amomit  equal  to  the  degree  of  pulmonary  tonus 
and  the  elasticity  and  power  of  expansion  of  the  chest-walls. 

Since,  as  has  been  mentioned,  the  difference  between  the  pressure 
in  the  fistula  and  the  intrapulmonary  pressure  in  other  portions  of  the 
lung  is  proportional  to  the  rigidity  of  the  tissues  surrounding  the  fistula, 
and  the  inability  of  these  tissues  to  follow  the  traction  of  the  inspira- 
tory muscles,  the  air  escapes  in  the  line  of  least  resistance — ^that  is, 
toward  the  opening — with  a  rapidity  proportional  to  the  width  of  the 
bronchus  which  communicates  with  the  fistula  and  the  functional 
impairment  of  the  remaining  pulmonary  tissue.  The  greater  the  loss 
of  elasticity  in  the  diseased  lung,  the  greater  will  be  the  accumulation 
of  air  within  the  cavity;  hence  the  accumulation  of  air  is  greatest  in 
phthisis  and  other  marked  diffuse  alterations  of  the  lung  tissue,  and  is 
least  in  a  normal  lung.  It  is  obvious  that  in  emphysema  the  amount 
of  escaping  air  cannot  be  very  great  because  of  the  diminished  power 
of  the  lung  to  retract ;  in  other  words,  the  strength  and  rapidity  of  the 
air-current  in  the  system  of  canals  communicating  with  the  fistula 
may,  under  certain  conditions,  be  greater  than  the  strength  and 
rapidity  of  the  fall  in  pressure  which  enables  the  lung  to  relax  and 
adapt  itself  to  the  pull  of  the  thoracic  w^all. 

The  air  cannot  return  during  expiration  because  no  expiration  can 
take  place  in  those  portions  of  the  lung  where  the  true  inspiratory 
dilatation  of  the  tissue,  either  partial  or  total,  is  replaced  by  the  en- 
trance of  air  into  the  pleura.  Even  when  the  fistula  is  constantly  open, 
the  mere  sinking-in  of  the  chest-wall  cannot  bring  about  a  sufficient 
increase  in  pressure  to  expel  the  air  from  the  pleura  into  the  lung 
against  the  more  powerful  mean  intrabronchial  pressure.  To  effect 
this  would  require  the  exertion  of  active  muscular  expiration,  which, 
as  observation  teaches,  is  seldom  performed. 

Even  granting  an  increase  of  pressure  in  the  pleural  cavity  during 
expiration,  the  air  cannot  always  return  unless  the  mechanism  of  in- 
nervation and  the  normal  condition  of  the  tissue  undergo  a  complete 
change,  since  the  conditions  in  the  fistulous  tract  and  in  the  pleural 
sac  are  now  the  exact  reverse  of  what  they  were  before.  The  internal 
air  is  more  than  ever  under  the  influence  of  the  healthy  lung  which 
functionates  more  actively  than  under  normal  conditions,  and  there- 
fore raises  the  positive  pressure  within  the  bronchial  system.  The  air 
within  the  pleural  sac,  on  the  other  hand,  is  under  the  influence  of  the 
expiratory  pressm'e  of  the  diseased  side,  which  is  usually  weakened; 
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hence  in  either  case  the  relative  inctrease  of  the  intrabronchial 
pressure,  which  is  most  pronounced  in  the  fistulous  canal  on  ac- 
count of  its  rigid  walls,  olTei's  considerable  resistance  to  the  return  of  air 
from  the  pleural  cavity  during  expiration.  Under  favorable  condi- 
tions the  escape  of  air  may  even  be  most  marked  during  expiration. 

The  importance  of  the  expiratory  pressure  is  shown  by  the  fact 
that  the  expansion  of  a  lung  after  empyema  operation  is  chiefly, 
or  at  least  very  largely,  effected  by  the  expiratory  pressure.  In  this 
case,  however,  the  conditions  are  reversed:  the  chest  wound,  being 
wide  open,  allows  the  air  to  escape  freely,  so  that  the  increase  in  the 
mean  expiratory  pressure,  especially  when  the  insufficient  action  of 
the  expiratory  muscles  on  the  diseased  side  is  considered,  results 
chiefly  in  expansion  of  the  lungs  and  the  expulsion  of  the  exudate  of 
air  through  the  large  outer  opening;  in  other  words,  the  mean  intra- 
bronchial pressure  (since  the  pressure  in  both  lungs  becomes  neutralized 
in  the  bronclii),  and  therefore  the  intrapulmonary  pressure  in  and 
around  the  fistula,  ma}^,  under  the  influence  of  certain  tissue  changes 
in  the  lung  and  of  certain  changes  in  the  tonus,  be'  greater  than  the 
pressure  on  those  regions  where  the  tonus  of  the  normal  tissue  resists 
expansion  or  than  the  intrapleural  pressure  in  this  region  and  in  the 
entire  diseased  lung. 

This  applies  to  all  cases  in  which  the  vital  power  of  the  lung  tissue 
has  suffered ;  it  does  not  apply  where  the  lung  tissue  is  normal,  where 
there  is  no  wide  canal  with  rigid  walls  and  the  communication  is 
effected  merely  by  a  small  circumscribed  tear  in  the  tissue.  Whether 
the  fistula  be  open,  or  manifest  a  tendency  to  close  completely  or  by 
the  so-called  valvular  method,  the  filling  of  the  cavity  and  the  rise  of 
pressure  in  the  pleural  space  depend  less  (or  certainly  not  more)  on 
these  local  conditions  than  on  the  condition  of  the  lung  tissue  in  gen- 
eral. Under  favorable  conditions  the  fistula  must,  owing  to  the  affinity 
of  the  tissues,  eventually  become  closed  by  the  vicarious  activity  of 
neighboring  organs ;  that  is  to  say,  inflation  brought  about  b}^  the  nec- 
essary relaxation  of  the  tonus  and  adaptation  of  the  parts  effects  a  kind 
of  tamponade  about  the  fistula,  diminishing  the  movement  of  the  air 
within  the  fistula  to  such  an  extent  that  the  healing  process  has  a 
chance  to  begin  restoring  the  continuity  of  the  tissue.  It  goes  without 
saying  that  the  presence  of  fluid  or  solid  exudates  may  modify  the 
conditions  just  explained.  And  these  products  of  inflammation  also 
modify  and  hasten  to  a  certain  extent  the  closure  of  the  fistula,  in  ac- 
cordance with  what  has  just  been  said. 

Weil  distinguishes  between  complete  obstruction  or  obliteration  of  a 
valvular  pneumothorax,  which  he  calls  organic  occlusion,  and  the  partial 
obstruction  produced  by  expiratory  pressure,  which  he  calls  mechanical 
occlusion.  This  distinction  cannot,  in  our  opinion,  be  carried  out  in 
practice,  nor  is  it  always  justified  in  theory,  as  the  escape  of  air  does 
not  by  any  means  depend  solely  on  inspiration  and  is  not  always  in- 
hibited by  expiration,  as  is  shown  both  by  the  above  explanation  and 
by  experience. 


986  PNEUMOTHORAX. 

The  positive  pressure  in  the  thoracic  cavity  may,  of  course,  be 
considerably  increased  in  elastic  chest-walls,  in  failure  of  the  lung  to 
expand,  and  when,  owing  to  the  relaxation  of  tonus,  the  neighboring 
organs  retract.  If  under  such  conditions  an  external  Jfistula  is  made, 
the  air  will  even  escape  mth  a  hissing  noise. 

Such  a  rise  in  pressure  is  always  a  sign  of  marked  primary  disturb- 
ance in  the  parenchyma  of  the  lung,  and  indicates  that  the  chest-walls 
or  other  boundaries  of  the  pleural  cavities  are  unusuall}^  yielding  as 
compared  with  the  abnormal  rigidity  of  the  lung  tissue.  When  the 
lung  fails  to  follow  the  contraction  of  the  powerful  chest  muscles  and  the 
current  of  air  at  the  fistulous  opening  is  stronger  than  the  air-current 
in  other  portions  of  the  tissue  which  expands  the  lung,  or,  more  cor- 
rectly, makes  it  possible  for  it  to  expand,  a  greater  amount  of  air  will 
force  itself  between  the  layers  of  the  pleura  until  the  fistula  becomes 
tightly  closed  by  some  form  of  tissue  alteration.  But  how  can  such 
closure  result  if  a  constant  current  of  air  prevents  any  form  of  super- 
ficial healing  unless  collapse  and  hepatization  take  place? 

Closm^e  of  the  fistula  by  healing  of  the  tissues  would,  of  course,  be 
extremely  desirable  under  these  very  conditions,  as  the  vital  processes 
which  normally  bring  about  closure  have  suffered  an  impairment  of 
function. 

But  unfortunately,  in  adcUtion  to  the  insufficient  power  of  regen- 
eration of  the  tissue,  other  unfavorable  factors  are  here  at  work ;  for 
the  failure  of  the  lung  to  expand  must,  owing  to  the  diminution  in  the 
respiratory  surface,  be  equalized  by  an  increase  in  the  reflex  activity  of 
the  muscles  of  inspiration.  But  an  increase  in  the  work  of  these  mus- 
cles, instead  of  expanding  the  lung,  merely  results  in  augmenting  the 
escape  of  air  into  the  pleural  ca^dty.  After  a  while  the  insertions  of 
the  voluntary  nmscles  approach  each  other  more  and  more,  and  con- 
tractures are  formed  which  interfere  with  inspiration,  while  the  over- 
distended  intercostal  muscles  also  undergo  a  species  of  permanent  re- 
flex contraction  which  only  tends  to  increase  the  positive  pressure 
without  bringing  about  recovery — that  is,  effecting  the  return  of  the 
escaped  air  into  the  bronchial  system. 

Various  observers,  among  whom  we  shall  mention  Leyden,  Peyrot 
and  Weil,  have  determined  the  air-pressure  by  manometric  methods. 
By  a  modification  of  the  methods  in  use  Weil  attempted  to  investi- 
gate the  differences  in  pressure  between  an  open  and  a  closed  pneumo- 
thorax, and,  as  has  been  mentioned  above,  between  organic  and 
mechanical  closure.  But  the  figures  obtained  by  the  various  authors 
diverge,  so  widely  that  I  do  not  believe  this  method  is  of  any  value  in 
practical  work. 

I  have  found  that  in  experimental  pneumothorax  different  results 
may  be  obtained  in  different  portions  of  the  pleura,  and  I  befieve  that 
in  pneumothorax  due  to  morbid  processes  in  the  lung  even  more 
widely  varying  results  may  be  obtained. 

To  demonstrate  pneumothorax  in  the  cadaver,  the  skin  over  the 
upper  anterior  portion  of  the  diseased  half  of  the  thorax  is  dissected 


CAUSES  OF  THE  EXUDATION.  987 

away  from  the  middle  toward  the  side.     The  space  between  the  skin 

and  the  muscles  is  then  filled  with  water,  so  that  when  the  intercostal 
spaces  are  opened  the  gas-bubbles  rise  to  the  surface  and  become  both 
\dsible  and  audible. 

There  are,  of  course,  numerous  sources  of  error  in  this  experiment, 
because  the  expulsion  of  the  gas  depends  on  the  power  of  retraction  of 
the  dead  tissues,  and  the  air-pressure,  which  was  positive  during  life, 
may  after  death  become  diminished  or  entirely  abolished  by  cooling  of 
the  parts,  rigor  mortis,  and  other  as  yet  unkno\vn  processes  (diffusion, 
absorption?),  and,  finally,  because  the  gas  that  is  demonstrated  may 
not  have  been  originally  present  and  may  be  due  to  postmortem  de- 
composition processes  in  the  pleural  fluid. 


IV.  CAUSES  OF  THE  EXUDATION. 

The  accumulation  of  air  may,  as  has  been  mentioned  above,  be 
combined  with  an  accumulation  of  fluid.  The  causes  for  the  produc- 
tion of  the  latter  have  never  been  satisfactorily  set  forth,  and  it  is  diffi- 
cult, "without  forcing  the  argmnent,  to  explain  the  fact  that  not  a  few 
cases  of  pneumothorax  with  an  internal  or  external  fistula  run  their 
course  without  giving  rise  to  any  irritation  of  the  pleiu'a  or  any  de- 
monstrable accumulation  of  the  fluid. 

Are  we  to  assume  that  in  such  cases  the  air  that  entered  the  pleural 
ca\dty  was  quite  free  from  germs,  while  in  others  some  material  which 
acts  as  a  cause  of  irritation,  such  as  bacteria  or  corpuscular  elements, 
finds  its  way  into  the  ca^dty  along  \\-ith  the  air?  Tliis  explanation 
seems  the  more  probable  since  the  ordinary  course  of  events  after  the 
opening  of  an  uncomplicated  abscess  in  the  external  skin,  or  even  in  the 
thoracic  or  abdominal  ca^dty,  tends  to  show  that  the  mere  entrance 
of  atmospheric  air  cannot  with  any  degree  of  positiveness  be  regarded 
as  the  cause  of  inflammatory  or  even  putrid  processes  in  the  pleura 
and  peritoneum. 

We  may,  therefore,  conclude  that  the  kind  of  inflammatory  reac- 
tion in  the  pleura  depends  on  the  degree  of  irritability  (disposition)  of 
the  membrane  at  the  time  of  invasion ;  in  other  words,  on  the  nutri- 
tion of  the  entire  body  and  of  the  limg  itself.  This,  of  course,  does  not 
apply  where  perforation  has  taken  place  and  large  masses  of  material 
that  act  as  strong  irritants  to  the  tissue,  such  as  the  putrid  contents 
of  bronchiectasis,  have  made  their  way  into  the  pleiu'a. 

The  normal  pleura,  in  my  opinion,  does  not  appear  to  become 
inflamed  by  mere  exposure  to  the  air,  and  even  an  inflamed  pleura, — 
such,  for  instance,  as  a  tuberculous  pleura  -^dthout  any  fluid  or  plastic 
exudate — is  not  affected  by  the  entrance  of  air  to  the  extent  of  pro- 
ducing any  marked  exudation.  I  have  frequently  kno-um  pneumo- 
thorax to  persist  for  some  time  in  cases  of  tuberculosis  of  the  pleura 
without  any  exudation  whatever. 
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In  tubercular  disease  of  the  lung  itself,  which  is  so  frequently  followed 
by  empyema,  and  in  all  forms  of  tuberculosis  of  the  respiratory  apparatus, 
the  pleura  is  probably  always  in  a  highly  irritated  condition,  so  that 
the  entrance  of  air  or  even  of  the  contents  of  a  cavity  is  not  necessarily 
followed  by  an  increase  in  the  irritation  sufficient  to  account  for  a  purulent 
exudation  or  the  subsequent  putrefaction  of  the  exudate. 

We  may,  therefore,  assume  that  the  pleura  under  these  conditions 
is  an  especially  bad  medium  for  the  growth  of  organisms  which  produce 
inflammation,  or  else  that  the  large  numbers  of  pus-corpuscles  and  other 
migratory  cells  in  the  tissue  temporarily  destroy  the  micro-organisms 
that  enter  the  pleura  through  a  perforation. 

It  is  also  a  striking  fact  that  it  is  comparatively  rare  to  find  pneu- 
mothorax combined  with  other  than  a  serous  exudate  or  a  combina- 
tion of  serous  and  purulent  effusions.  And  the  fact  that  even  in  tuber- 
culous pneumothorax  the  exudate  is  relatively  seldom — that  is,  in 
view  of  the  great  frequency  of  these  cases — putrid  from  the  begin- 
ning also  tends  to  show  how  slight  a  tissue  irritant  the  air  must 
be.  The  exudate,  as  a  rule,  becomes  purulent  only  after  repeated 
aspiration,  when  the  lung  tissue  begins  to  break  down  or  the  patient 
develops  high  fever  and  great  loss  of  strength. 

As  a  result  of  extensive  clinical  observations,  it  may  be  laid  down 
as  a  rule  that  the  entrance  of  air  in  a  normal  pleura  is  usually  not  fol- 
lowed by  exudation ;  in  a  slightly  irritable  pleura  by  the  formation  of 
a  serous  exudate ;  and  only  in  a  very  irritable  pleura  by  purulent  or 
putrid  decomposition.  Atmospheric  air,  even  when  badly  vitiated, 
appears  to  act  only  as  a  very  slight  irritant  to  the  pleura  providing 
the  latter  is  not  very  irritable,  for  I  have  not  infrequently  seen  both 
uncomplicated  and  complicated  cases  of  pneumothorax  run  an  unex- 
pectedly favorable  course  under  the  most  unfavorable  surroundings. 

According  to  Senator,  the  spongy  tissue  of  the  lung  acts  as  a  kind  of 
filter  for  the  intrapulmonary  air,  and  the  carbonic  acid  gas  contained 
in  the  lung  also  plays  an  important  part  in  preventing  inflammatory 
action  by  the  power  it  possesses  of  disinfecting  the  air. 

It  has  been  pointed  out  by  Wintrich  how  easily  animals  appear  to 
tolerate  artificial  pneumothorax,  and  how  rapidly  large  masses  of  air 
may  undergo  resorption  without  any  inflammatory  reaction. 

It  is  shown  by  the  experiments  of  Szupak  that  the  healthy  pleura 
in  closed  pneumothorax  is  capable  of  absorbing  very  considerable  amounts 
of  air.  Carbonic  acid  gas  and  oxygen  are  absorbed  with  the  same  rapidity 
as  atmospheric  air,  while  only  a  part  of  the  nitrogen  present  becomes 
absorbed  in  the  same  time.  In  artificially  produced  sero-pneumothorax 
(the  author  was  unable  to  produce  a  purulent  one)  the  pleura  was  found 
to  possess  considerable  power  of  absorbing  air. 

These  investigations,  therefore,  prove  that  the  atmospheric  air  in 
itself  cannot  be  regarded  as  an  irritant,  and  that  the  suppuration  which 
undoubtedly  does  follow  the  entrance  of  air  must  be  attributed  to  other 
causes  than  to  the  mere  irritation  of  the  air. 
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A.  Fraenkol's  view  that  tho  favorable  course  in  cases  of  pneumo- 
thorax depends  on  an  especially  low  percentage  of  germs  in  the  enter- 
ing air  cannot,  therefore,  be  regarded  as  positively  proved,  nor  can  we 
admit  that  early  closure  of  the  fistula  is  alone  respoasiblc  for  a  favor- 
able course,  although,  as  has  been  stated  above,  we  do  jjot  deny  that 
early  closure  of  the  fistula  is  a  very  favorable  and  much-to-be-desired 
event,  since  it  always  indicates  that  function  of  the  entire  respiratory 
apparatus  is  relatively  normal ;  in  other  words,  that  a  large  part  of  the 
tissue  has  preserved  its  integrit3\ 

Nor  do  I  agree  with  A.  Fraenkel  when  he  reasons  from  his  investi- 
gations that  whenever  the  exudate  of  a  pyopneumothorax  produced 
by  rupture  of  a  ca^dty  is  found  to  contain  only  very  few  tubercle 
bacilli  and  no  pyogenic  micro-organisms,  the  pus  from  the  cavity  must 
have  originally  contained  only  a  minimum  quantity  of  tubercle  bacilli, 
as  I  cannot  conceive  how  it  is  possible  that  the  contents  of  a  perforat- 
ing cavity  should  be  entirely  free  from  micro-organisms.  It  seems  to 
be  miich  more  plausible  that  the  interesting  absence  of  bacteria  in 
such  cases  may  be  explained  by  the  assumption  to  which  we  have 
already  referred  that  the  pleura  under  certain  conditions  is  a  very  bad 
medium  for  the  gro^'V'th  of  micro-organisms. 

The  extent  of  the  exudate  in  pneumothorax  varies  hke  that  of 
any  other  exudates  produced  in  other  forms  of  pleurisy.  The  fluid 
contents  of  the  pleura  may  amount  to  many  liters  and,  as  has  been 
pointed  out  by  Senator  and  Weil,  bilateral  exudates  may  occur, 
whereas  bilateral  pneumothorax  is  an  exceedingly  rare  event. 

It  is  to  be  remembered  that  the  exudate  is  always  much  more 
abiuidant  than  one  is  led  to  expect  by  the  results  of  percussion  and 
other  methods  of  examination.  This  is  due  to  a  variety  of  causes, 
chief  among  which  is  that,  owing  to  the  great  resonance  of  the  cavity, 
the  dulness  is  relatively  small,  and,  in  addition,  the  pressure  of  the  air 
on  the  chest-walls  renders  them  much  more  yielding  and  more  capable 
of  taking  up  fluid,  so  that  even  a  large  exudate  does  not  rise  to  the 
corresponding  level. 

According  to  many  authors  (Wintrich,  Lebert,  Saussier,  Weil),  the 
perforation  in  tubercular  pneumothorax  occurs  much  more  frequently 
on  the  left  side.  The  cause  of  this  peculiarity  is  found  by  Weil  in  the 
asserted  more  rapid  development  of  tuberculosis  in  the  left  lung  and  in 
the  effect  of  changes  in  the  volume  of  the  heart  on  the  border  of  the 
lungs,  whose  respiratory  activity,  besides,  is  greater  than  normal; 
that  is  to  say,  in  processes  which  prevent  or  at  least  delay  the  forma- 
tion of  adliesions. 

While  I  can  confirm  the  belief  that  pneumothorax  is  more  common 
on  the  left  side,  I  am  unable  to  offer  any  explanation.  In  my  observa- 
tion the  majority  of  cases  of  pneumothorax,  excluding  those  due  to 
phthisis  and  traumatism,  affected  the  left  side.  [In  Morse's  series  the 
pneumothorax  was  on  the  left  side  in  29  out  of  44  tubercular  cases. 
According  to  Rose,  14  cases  of  bilateral  pneumothorax  have  been 
reported  so  far. — Ed.] 
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It  is  not  always  easy  to  find  the  perforation  in  the  cadaver  unless  a 
bronchus  has  been  permanently  laid  open  or  the  thin  wall  of  a  cavity 
has  burst  and  death  has  occurred  before  the  opening  has  healed  over. 
When  opportunity  has  been  afforded  for  the  formation  of  adhesions,  it  is 
very  difficult  to  find  the  site  of  perforation  which  usually  is  in  the  shape 
of  a  lentil,  more  rarely  a  fissure. 

A  perforation  may  easily  be  simulated  in  lungs  containing  many 
cavities  which  have  become  closed  by  firm  adhesions,  as  it  is  not  always 
easy  to  avoid  tears  in  the  attenuated  portions  of  the  lung  even  when 
the  greatest  care  is  exercised  in  taking  out  the  thoracic  organs.  It  is 
better,  therefore,  to  demonstrate  the  existence  of  an  opening  by  imme- 
diately making  a  pocket,  in  the  manner  described,  and  if  necessary 
inflating  the  lungs  through  the  trachea. 


V.  SYMPTOMATOLOGY, 

J.  GENERAL  CONSmERATIONS  AND  INSPECTION. 

In  fairly  vigorous  patients  the  occurrence  of  pneumothorax  is  usu- 
ally attended  with  unmistakable  and  very  severe  symptoms.  If  the 
patient  is  feverish  and  debilitated  and  already  suffers  from  dyspnea, 
the  onset  of  the  disease  is  often  disguised  to  such  an  extent  that  even 
a  considerable  escape  of  air  into  the  pleural  cavity  is  discovered  only 
accidentally  or  after  a  very  searching  examination. 

In  the  first  class  of  cases  it  appears  very  clear  that  the  intensity  of 
the  symptoms  depends  not  on  the  amount  of  air  within  the  cavity, 
but  solely  on  the  action  of  certain  pleural  reflexes.  There  seems  to 
be  a  kind  of  shock  or  very  distressing  condition  resembling  angina 
pectoris  produced  by  certain  abnormal  sensations  in  the  course  of  the 
vagus  or  the  intercostal  nerves,  due  to  the  altered  mechanical  condi- 
tions in  the  thoracic  cavity,  possibly  the  greater  tension  of  the  pleura, 
or  the  modified  mechanism  of  respiration. 

Both  the  subjective  and  objective  symptoms  are  much  intensified 
when  the  escape  of  air  is  accompanied  by  the  feeling  of  something 
giving  way  in  the  chest.  In  such  cases  there  is  usually  pronounced 
collapse  with  marked  dyspnea,  sometimes  with  orthopnea,  small, 
almost  imperceptible  pulse,  coldness  of  the  extremities  and  of  the  face, 
cold  sweats,  and  marked  fall  in  temperature,  as  in  thrombosis  of  a 
large  pulmonary  arterj^ 

These  symptoms,  which  are  directly  produced  by  reflex  irritation 
of  the  vagus,  of  course  depend  on  the  general  reflex  irritabilit}^  of  the 
organism,  the  patient's  general  and  mental  condition,  the  degree  of 
diminution  of  the  respiratory  surface,  the  pressure  of  neighboring 
organs,  and  the  power  of  compensation.  They  therefore  do  not  pos- 
sess any  direct  value  for  the  diagnosis  or  prognosis  of  pneumothorax. 

After  these  symptoms  of  shock  have  subsided,  the  following  condi- 
tion is  usually  observed,  especially  in  cases  of  so-called  vahoilar  pneu- 
mothorax, where  the  air  may  accumulate  slowly  or  rapidly:  The 
breathing  is  accompanied  by  vigorous  play  of  the  ala3  nasi  and  of  the 
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musclos  of  the  nook,  tho  patient  tends  to  assume  an  erect  position,  and 
usually  protrudes  the  healthy  side  somewhat  so  as  to  diminish  the  cir- 
cumference of  the  diseased  half  of  the  chest. 

The  enlargement  of  the  affected  side  is  often  visible  in  the  very 
beginning,  tho  intercostal  spaces  are  tense  and  very  sensitive,  the 
lower  portions  of  the  chest  are  often  immovable,  while  the  correspond- 
ing portions  of  the  other  side  show  considerable  increase  in  the  respi- 
ratory movements. 

The  respirator}'  movements  in  the  varioas  forms  of  pneumothorax 
have  been  experimentally  investigated  by  Krebs,  w4io  found  that  open 
pneumothorax  was  attended  by  an  increase  both  in  the  frequency  and 
depth  of  the  respirations,  wliile  in  closed  pneumothorax  the  frequency 
was  decreased  and  the  depth  increased.  If,  how^ever,  more  than  a  cer- 
tain quantity  of  air  is  injected,  the  depth  of  the  respiratory  movements 
is  also  diminished,  so  that  eventually  the  respiration  becomes  even 
more  shallow  than  normal.  These  results  have  been  subsequently 
modified  in  various  respects  hj  the  investigations  of  Blumenthal.  No 
general  statement  can  be  formulated  on  the  basis  of  clinical  obser- 
vation in  regard  to  depth  and  frequency  of  respiratory  movements 
in  closed  or  open  pneumothorax.  In  most  cases  the  nature  of  the 
breathing  is  of  no  value  in  the  differential  diagnosis. 

The  position  of  the  apex-beat  varies  in  different  cases.  In  right- 
sided  pneumothorax  it  is  said  to  be  displaced  to  the  left;  in  left-sided 
pneumothorax  the  pulsations  of  the  heart  are  said  to  be  stronger  and 
the  apex-beat  is  displaced  to  the  right.  This,  however,  is  found  to 
be  true  only  in  a  small  number  of  cases;  much  more  frequently  the 
apex-beat  is  entirely  absent,  an  indistinct  w^a^y  bulging  is  seen  in 
different  portions  of  the  cardiac  region,  or  a  slight  thrill  or  rubbing 
sound  is  felt  over  this  area.  It  is  easy  to  understand  w'hy  this  should 
be  so,  since  in  right-sided  pneimiothorax  the  left  lung  undergoes  com- 
plementary expansion,  w^hile  left -sided  pneimiothorax  often  produces 
a  considerable  depression  of  the  diaphragm,  resulting  in  dislocation  of 
the  heart  downward,  so  that  only  the  pulsation  of  the  right  ventriclft 
is  felt  in  the  epigastrium,  as  in  the  highest  grades  of  emphysema. 
Besides,  as  the  accumulation  of  air  often  occupies  the  neighborhood  of 
the  heart  and  causes  a  bulging  of  the  chest-wall  in  this  region  unless 
the  patient  is  in  the  erect  position,  the  pulsation  of  the  heart  cannot, 
of  course,  be  increased,  and  it  may  be  difficult  even  to  recognize  the 
normal  pulsation  of  the  organ.  The  lung  in  such  cases  is  ahvays  dis- 
placed tow^ard  the  clavicle,  and  does  not  extend  as  far  posteriorly  as 
usual. 

Pneumothorax  maj^  also  be  combined  with  pulsating  pleurisy.  It 
is  found  almost  exclusively  after  pneumothorax  of  the  left  side, 
and  in  the  great  majorit}^  of  cases  is  also  accompanied  by  empyema 
necessitatis  (see  page  896). 

No  general  statement  in  regard  to  the  temperature  in  pneumo- 
thorax is  possible,  as  it  all  depends  on  the  primary  trouble.  As  a  rule, 
the  temperature  falls  during  the  first  hours  or  days,  as  the  occurrence 
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of  pneiunothorax  is  often  followed  by  collapse  and  shock ;  later  the 
primary  disease  reasserts  itself,  and  in  general  the  fall  of  temperature 
at  the  time  the  air  escapes  is  inversely  proportional  to  the  height  of  the 
fever  that  had  been  present  before.  As  the  exudate  increases  the 
fever  rises  more  and  more,  and  often  assumes  a  hectic  character;  in 
putrid  exudates  subnormal  temperatures  are  often  observed. 

Occasionally  the  formation  of  a  pneumothorax  has  been  observed 
to  be  followed  by  repeated  attacks  of  urticaria,  as  after  the  rupture  of 
echinococcus  vesicles  in  the  peritoneal  cavity  (Senator  and  Gerhardt). 

[Kaienbeck  studied  a  case  of  closed  left  pneumothorax  with  the 
fluoroscope.  There  was  a  vertical  movement  of  the  upper  surface  of 
the  fluid  with  respiration,  probably  because  in  this  disease  the 
diaphragm  is  convex  below  and  therefore  moves  upward  in  contract- 
ing. There  was  pulsation,  due  to  the  direct  transmission  of  the 
cardiac  impulse,  not  to  propagation  of  the  impulse  from  air  to  fluid, 
since  the  pulsation  ceased  when  the  patient  lay  on  the  left  side  and 
the  heart  was  entirely  surrounded  by  air.  This  is  a  valuable  proof 
of  the  correctness  of  Traube's  view  that  the  pulsation  of  the  empyema 
is  due  to  direct  transmission  of  the  impulse  from  the  heart. — Ed.] 


2.  PERCUSSION. 

Unless  the  chest  muscles  are  spasmodically  contracted  the  per- 
cutory  note,  even  when  the  accumulation  of  gas  is  only  moderate,  is 
so  strikingly  loud  and  deep  that  one  is  at  first  apt  to  think  that  there 
is  dulness  over  the  other  half  of  the  thorax.  The  tone  almost  never 
has  a  distinctly  tympanitic  character  even  in  moderate  pneumothorax, 
nor  do  we  ever  hear  a  cracked-pot  sound  when  the  chest  muscles  are 
completely  at  rest,  if  the  tension  of  the  chest-walls  is  at  all  marked.  In 
left-sided  pneumothorax  the  cardiac  dulness  is  usually  diminished  or 
altogether  obliterated. 

True  dislocation  of  the  heart  by  the  mere  accumulation  of  air  even 
in  the  left  pleural  cavity  occurs  much  more  rarely  than  in  pleural 
effusions.  There  is  merely  a  diminution  of  the  dulness  or  it  becomes 
entirely  masked  by  the  loud  pulmonary  resonance.  In  right-sided 
pneumothorax  the  liver  dulness  often  disappears,  or  more  frequently 
the  organ  becomes  displaced.  Rotation  of  the  organ  about  its  axis  is, 
of  course,  also  met  with,  as  has  been  described  in  connection  with 
pleurisy  (see  page  838),  but  the  conditions  necessary  for  its  production 
cannot  be  predicted  for  all  cases,  as  the  phenomenon  depends  on 
the  action  of  the  diaphragm.  One  of  the  most  positive  signs  of  right- 
sided  pneumothorax  is,  of  course,  the  sudden  and  marked  displace- 
ment of  the  lower  border  of  the  liver,  which  can  sometimes  be  felt 
at  the  level  of  the  umbilicus  in  the  middle  line  of  the  abdomen. 
An  equal  degree  of  displacement  is  rarely  noted  in  pleurisy.  This 
difference  in  the  dislocation  of  the  liver  in  pneumothorax  and 
fluid  exudate  depends  on  the  suddenness  with  which  the  alteration 
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takes  place.  It  is  probal)ly  due  to  tlio  fact  that  in  pleurisy,  which  in 
general  develops  gradually,  the  chest  muscles  and  the  diaphragm  par- 
ticipate in  the  inflammatory  process  and  become  weakened  and  more 
yielding,  while  pneumothorax,  from  the  suddenness  of  its  development, 
elicits  a  reflex  antagonistic  contraction  of  the  muscles  of  the  entire 
circumference  of  the  thorax,  thus  increasing  the  tension  of  the  thoracic 
cavity  and  facihtating  the  enlargement  of  the  thorax  dowTiward. 

The  percutory  phenomena  described  are  also  observed  on  the  dorsal 
surface,  and,  owing  to  the  extreme  intensity  of  the  sound,  it  fre- 
quently happens,  as  has  already  been  mentioned,  that  even  large  accu- 
mulations are  overlooked,  or  at  least  give  rise  to  error  in  regard  to 
their  size. 

The  maimer  in  which  the  abnormal  alterations  of  sound  are  produced 
need  not  be  entered  into  here.  It  may  be  remarked,  however,  that 
the  abnormal  loudness  and  depth  of  the  tone  are  produced  not  by  the 
tension,  but  b}"  relaxation  of  the  tonus  in  connection  with  diminished 
muscular  action.  The  greater  the  accumulation  of  air,  and  therefore 
the  tension,  the  more  shallow  the  sound,  although  the  loudness  still 
persists  mitil  the  highest  degree  of  tension  (physical  distention)  is 
produced,  when  the  somid  gradually  begins  to  lose  its  loudness. 

Although  the  physical  conditions  are  apparently  simple,  they  are 
materially  modified  by  a  whole  series  of  processes,  and  the  percutory 
phenomena  are  therefore  usually  different  from  those  observed  in 
meteorism  of  the  intestinal  tract. 

Tympany  occiu"S  only  when  the  pressure  of  the  air  ^dthin  the 
pleural  ca\dty  is  diminished;  that  is,  w^hen,  under  the  influence  of 
active  tonus,  the  lung  is  retracted,  and  also  when  the  chest  muscles  are 
relaxed  and  a  larger  amount  of  air  accumulates  on  the  anterior  surface 
of  the  thorax  beneath  the  cla^'icle.  Under  such  conditions  the  diag- 
nosis may  be  exceedingly  difficult,  as  it  becomes  necessary  to  differen- 
tiate the  sound  from  the  so-called  Skodaic  resonance  which  is  observed 
in  moderately  large  plemal  effusions  (see  page  859)  and  from  the 
percutory  phenomena  that  are  produced  by  the  presence  of  large 
ca^^ties  and  are  usually  associated  vnth  bronchial  breathing.  The 
most  trustworthy  sign  in  such  cases  is  the  dulness  over  the  infero- 
posterior  portions  of  the  thorax,  which  practically  settles  the  diag- 
nosis, for  it  is  only  w^hen  there  is  a  marked  dulness  in  the  back  due  to 
the  presence  of  a  pleuritic  exudate  that  the  tympanitic  note  below  the 
cla^dcle  can  be  regarded  as  a  positive  sign  of  retraction  of  the  lung  and 
as  a  true  Skodaic  resonance. 

In  the  diagnosis  from  large  phthisical  cavities  the  general  condition 
of  the  indi\'idual,  the  history,  the  other  phj^sical  signs,  and  the  exam- 
ination of  the  sputum  must,  of  course,  be  taken  into  account. 

The  various  modifications  of  the  percutory  note  "^ith  change  in 
the  position,  although  apparently  characteristic,  do  not  appear  to  me 
to  possess  any  great  diagnostic  significance,  as  they  usually  depend 
more  on  alterations  in  the  chest-waU  than  on  displacement  of  the 
fluid. 
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It  has  been  pointed  out  by  Biermer  that,  owing  to  the  change  in  the 
diameter  of  the  pleural  cavity,  the  pitch  must  be  higher  in  the  dorsal 
than  in  the  erect  position,  but  the  exact  opposite  has  not  rarely  been 
noted,  both  by  myself  and  by  other  observers,  and  while  the  changes 
in  the  sound  described  by  Biermer  may  be  more  common  than  any  other 
modification,  they  cannot  be  said  to  give  any  material  aid  in  the  diagnosis. 

The  statement  by  Gerhardt,  that  in  open  pneumothorax  the  pitch  is 
higher  when  the  mouth  is  open  than  when  it  is  closed  (as  in  Wintrich's 
phenomenon  in  open  cavities),  may,  as  has  been  shown,  be  explained  by 
the  fact  that  the  act  of  opening  the  mouth  is  accompanied  by  increased 
tension  of  the  chest-wall,  since  most  persons  involuntarily  draw  in  the 
breath  when  they  open  their  mouths. 

As  far  as  my  observations  have  gone,  the  distinct  displacement  of 
the  dulness  incident  to  change  in  position  more  frequently  depends  on 
a  change  in  the  volume  of  the  lung  accompanying  the  change  of  posi- 
tion than  on  the  displacement  of  the  mass    of  air  or  fluid  itself. 

As  the  patient  changes  his  position  he  feels  a  need  of  breathing 
more  deeply ;  the  lung  accordingly  contains  more  air  than  before  and 
the  increased  resonance  extends  over  a  larger  area,  so  that  the  upper 
border  of  the  dulness  becomes  displaced  downward. 

It  is,  of  course,  not  to  be  denied  that  the  modified  note  in  many- 
cases  is  due  to  the  change  in  the  level  of  the  exudate,  especially  when 
atelectasis  can  be  excluded.  If,  therefore,  the  lungs  are  positively 
known  to  be  infiltrated  or  consolidated,  a  distinct  change  in  the  note 
is  a  more  important  sign  than  when  the  lungs  contain  air,  since  under 
such  conditions  a  change  in  the  dulness  can  only  be  due  to  a  displace- 
ment of  the  boundary  between  fluid  and  air. 

In  pronounced  cases  of  pneumothorax,  in  which  the  diseased  half 
of  the  chest  is  absolutely  immovable,  pectoral  fremitus  may  be  every- 
w'here  absent.  If  it  is  distinctly  present  in  one  spot  or  over  a  larger 
area,  one  of  two  conditions  is  present :  either  there  is  a  large  bronchus 
at  the  surface  of  the  lung,  or  the  lung  is  retracted  and  infiltrated  or 
adherent  to  the  costal  pleura,  and  therefore  affords  an  especially  good 
conducting  medium  for  the  sound  of  the  voice  at  the  particular  spot 
in  question.  When  the  air  in  the  pleura  is  under  a  certain  pressure, 
and  particularly  when  the  thoracic  wall  is  much  distended,  the  vibra- 
tions of  the  voice  are  very  imperfectly  transmitted. 

3.  AUSCULTATION. 

Auscultation  frequently  yields  an  absolutely  negative  result.  The 
respiratory  sounds  are  either  absent  altogether  or  greatly  dimin- 
ished in  intensity  and  murmurish.  Bronchial  breathing  occurs  only 
in  portions  of  the  lung  the  seat  of  infiltration  or  other  pathologic 
change,  or  where  the  lung  tissue,  in  spite  of  the  pressure  of  the  air,  is 
not  completel}^  compressed,  or  in  the  neighborhood  of  larger  bronchi. 
As  a  rule,  the  remnant  of  vesicular  breathing  has  a  slight  metallic  or 
amphoric  qualit}^,  the  intensity  of  which  depends  on  the  strength  of 
the  respiratory  movements  and  on  the  size  and  shape  of  the  vibrating 
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cavity.  Tho  point  of  o;n>at('st  intensity  of  the  niotallic  (l)ronchial  or 
untleiinecl)  soiuitl  is  below  the  cku'icle,  altliou^-li  it  may  Ije  heard  quite 
distinctly  in  the  lateral  wall  or  the  supraclavicular  space ;  in  rare  cases 
it  is  equally  well  heard  over  the  entire  half  of  the  thorax.  Generally 
speakini;-,  however,  this  variety  of  metallic  sound — that  is,  distinctly 
perceptible  vesicular  murnuu'  with  a  metallic  quality — is  rare;  and  as 
the  results  of  auscultation  are  ah\'ays  unsatisfactory  on  account  of  the 
lack  of  respiratory  movement  in  the  lung,  other  methods  must  be  em- 
ployed to  reinforce  the  sound-waves  of  the  respiratory  murmur,  and 
thus  to  accentuate  the  metallic  resonance  of  the  thoracic  cavity. 
Hence  if  pneumothorax  is  suspected,  the  air  in  the  bronchial  system 
must  be  tlirown  into  more  active  vibration.  Either  the  patient  is 
asked  to  cough,  wdiich  usually  brings  out  the  metallic  phenomena,  or 
the  stethoscope  is  applied  to  the  chest  while  percussion  is  performed  by 
tapping  the  pleximeter  with  the  handle  of  the  plessor  or  with  some 
other  solid  body  (pleximeter  percussion,  after  Heubner  and  Leichten- 
stern).  In  this  way  overtones  are  produced  \vhich  possess  a  splendid 
metallic  quality. 

By  carefully  shaking  the  patient  a  loud  metallic  splashing  sound, 
siiccussio  Hippocratis,  can  be  produced  wMch  is  often  audible  at  some 
distance.  It  appears  to  me  doubtful  whether  this  splashing  sound  is 
always  produced  by  a  mixture  of  air  and  fluid  within  the  pleural 
cavitj^  Under  favorable  conditions  for  resonance  it  may  also  be  due 
to  other  causes ;  for  in  many  cases  a  splashing  sound  produced  in  the 
stomach  or  abdomen  acquires  a  strong  metallic  element  as  it  passes 
through  the  resonating  pleural  ca^dty,  just  as  rales  and  heart  sounds 
under  especially  favorable  conditions  for  resonance  acquire  a  metallic 
character  in  the  distended  organs  of  the  abdomen. 

The  so-called  falling-drop  sound  (tintement  metallique,  metallic 
tinkhng),  after  Laennec,  is  very  interesting  from  a  theoretic  standpoint 
and  possesses  some  diagnostic  value.  It  is  a  distinct,  musical  metal- 
lic tinkling  which,  in  my  opinion,  resembles  the  sound  of  a  glass  har- 
monica or  the  sound  produced  by  agitating  a  metal  pitcher  containing 
water  more  than  it  does  the  sound  of  w-ater  dropping  into  an  empty 
cask.  This  peculiar  tinkling  ^^dth  its  long  after-tone  cannot,  as  might 
be  supposed,  be  due  to  the  falling  of  a  drop  of  fluid,  since  there  is 
nothing  to  indicate  the  possibility  of  such  a  thing  happening  in  the 
pleural  ca^dty.  It  is  much  more  probably  due  to  a  rale  produced  in 
some  portions  of  the  lung  which  acquires  a  metallic  character  omng 
to  favorable  conditions  for  resonance.  Similar  noises  are  not  infre- 
quently heard  in  the  intestinal  tract,  though  they  do  not  always 
possess  the  same  strongly  musical  quality  which  characterizes  the 
phenomenon  in  pneumothorax. 

Another  sound  that  belongs  to  this  class  of  phenomena  is  that  first 
described  by  Dance  and  Beau;  it  is  heard  during  inspiration,  and  con- 
sists of  a  comparatively  long-drawn-out  gurgling  or  metallic  sound 
with  a  coarse  vesicular  quality.  It  has  recenth'  received  the  name  of 
water-pipe  sound  (Wasserpfeifengerdusch,  Unverricht)  on  account  of 
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its  resemblance  to  the  noise  produced  by  the  air-bubbles  as  they  are 
sucked  through  the  water  in  smoking  a  tschibuk  or  hookah.  Riegel 
calls  it  a  lung-fistula  sound. 

Unverricht  heard  the  sound  in  two  cases  of  open  pneumothorax  after 
a  few  syringefuls  of  exudate  or  air  had  been  evacuated,  and  assumes 
that  after  the  pressure  within  the  fistula,  which  up  to  that  time  had  been 
mechanically  closed,  is  relieved  by  the  partial  evacuation,  a  certain 
amount  of  air  is  drawn  through  the  fluid  from  the  lung  at  each  inspiration. 
Riegel  also  observed  the  phenomenon  during  inspiration  when  the  pres- 
sure had  not  been  altered  by  operative  evacuation  but  by  the  spon- 
taneous expectoration  of  a  large  amount  of  exudate  through  the  bronchi. 

I  do  not  believe  that  this  sound  is  any  more  characteristic  of 
pneumothorax  in  general  than  it  is  of  valvular  pneumothorax  (open 
pneumothorax).  Weil  has  pointed  out  that  a  similar  sound  may  be 
produced  in  large  cavities  in  the  lung  itself  without  the  presence  of 
pneumothorax,  and  I  believe  that  it  is  always  produced  when  coarse 
rales  are  present  and  the  concUtions  for  metallic  resonance  are  un- 
usually favorable. 

No  more  favorable  conditions  for  the  production  of  such  phenom- 
ena can  be  found  than  in  the  moderately  retracted  lung  of  pneumo- 
thorax, since  the  passage  of  air  through  the  larger  bronchi  is  still  pos- 
sible and  the  pneumothorax  offers  an  ideal  resonating  chamber  for  the 
metallic  sounds.  According  to  this  view,  the  so-called  water-pipe  or 
lung-fistula  sound  cannot  be  produced  if  the  lung  is  compressed  and 
the  air  cannot  enter  the  large  bronchi ;  this  shows  why  it  is  absent  in 
total  compression  of  the  lung  while  it  may  be  produced  by  any  low- 
ering of  the  pressure  from  the  evacuation  of  the  exudate  either  by 
spontaneous  expectoration  or  operative  aspiration.  Indeed,  it  must  be 
present  whenever  the  production  of  coarse  rales  is  made  possible  by 
the  re-estabhshment  of  a  slight  air-current  through  the  larger  bronchi 
of  the  corresponding  lung,  as  these  rales  of  course  acquire  a  striking 
metallic  resonance  in  the  air-filled  pleural  cavity. 

Granting  that  this  explanation  is  correct,  the  sound  will  be  more 
frequently  heard  during  inspiration  than  during  expiration,  since  in- 
spiratory rales  must  be  more  frequent  in  a  lung  compressed  by  pleural 
exudate  and  in  so-called  mechanical  valvular  pneumothorax. 

There  is,  however,  nothing  to  prevent  the  occurrence  of  expiratory 
or  even  continuous  metallic  rales  mider  such  conditions.  They  will 
usually  be  of  the  large  bubbling  variety,  pro^dcled  always  that  the  air 
has  access  to  a  large  bronchus  in  a  certain  phase  of  the  respiratory 
rh}i;hm.  Small  moist  rales  of  the  same  quahty  are,  of  course,  more 
rare,  because  a  moderate  evacuation  will  rarel}^  open  the  smaller 
bronchi  sufficiently  to  admit  a  current  of  air.  It  follows  from  all  that 
has  been  said  that  the  sign  under  discussion  cannot  in  any  sense  be 
regarded  as  possessing  any  diagnostic  importance. 
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VI.  SUBPHRENIC  PYOPNEUMOTHORAX. 

In  a  noteworthy  contribution  recently  ijuhlished  ]n'  Leyden 
attention,  is  directed  to  subphrenic,  air-containing-  abscesses  of  the 
abdominal  cavity,  for  which  he  projjoses  tlie  name  of  subphrenic 
pyopneumothorax.  Owing  to  the  similarity  of  the  symptoms  to 
those  of  pneumothorax,  the  condition  merits  the  careful  attention  of 
diagnosticians.  Although  these  air-containing  abscesses  were  not 
unknown  to  earlier  observers,  the  rational  basis  for  their  diagnosis 
was  first  created  by  Leyden. 

These  abscesses,  as  is  well  known,  may  be  produced  by  any  per- 
forative processes  in  the  region  of  the  abdominal  organs,  whether  in 
traumatic  peritonitis  or  in  other  forms  of  peritonitis,  peritj'phlitis, 
gastric  or  duodenal  ulcers,  perforating  carcinoma,  hepatic  or  splenic 
abscesses,  rupture  of  the  gall-bladder  by  gall-stones,  or  putrefying 
echinococci.  Abscess  in  the  subdiaphragmatic  space  may  also  repre- 
sent a  grave  sequel  of  a  small  infectious  pleuritic  exudate. 

Subphrenic  abscesses  maj^  be  di\dded  hj  a  median  line  of  demar- 
cation, formed  by  the  suspensory'  ligament  of  the  liver,  into  right-sided 
and  left-sided  abscesses,  but  this  anatomic  division,  which  cannot 
always  be  carried  out,  is  of  no  practical  value. 

In  the  former  class  (right-sided  abscesses)  the  lower  border  is 
formed  by  the  upper  surface  of  the  downward  displaced  liver ;  in  left- 
sided  empyema  the  inferior  and  lateral  boundary  is  formed  by  the 
stomach,  colon,  or  spleen.  If  the  enlargement  of  the  cavity  down- 
ward is  hindered  by  peritoneal  adhesions,  and  the  pressure  of  the  con- 
tained air  is  directed  upward,  the  lower  portions  of  the  lungs  present 
the  characteristic  appearances  of  pneumothorax,  such  as  disappear- 
ance of  the  pectoral  fremitus,  metallic  phenomena,  especially  on  shak- 
ing the  patient,  and  partial  disappearance  of  the  respiratory  murmur. 

The  diagnosis  mil,  of  course,  depend  chiefly  on  the  history  of  exist- 
ing or  antecedent  disease  of  the  abdomen,  perityphlitis,  disease  of  the 
liver,  periphlebitis,  etc.  Other  factors  influencing  the  diagnosis  are : 
relatively  mild  pain  on  pressure,  absence  of  tension  and  bulging  of  the 
intercostal  spaces,  and  a  very  slight  degree  of  dislocation  of  all  the 
organs.  The  absence  of  cough  must  also  be  considered,  as  well  as  the 
fact  that  normal  vesicular  breathing  is  heard  over  by  far  the  greater 
part  of  the  lung,  this  area  being  sharply  di'vdded  below  from  the  area 
of  faint  amphoric  breatliing,  which,  however,  must  be  carefully  dis- 
tinguished from  tj'pical  amphoric  breathing. 

Pfuhl  suggests  the  use  of  manometric  measurement  as  a  diagnostic 
sign,  the  manometer  being  connected  with  the  abscess  by  means  of  a 
cannula.  The  manometric  pressure  in  the  plem'al  ca\dt3'  falls  as  the 
diaphragm  is  depressed  during  inspiration,  and  accordingly  rises  during 
expiration,  while  of  course  the  opposite  conditions  prevail  below  the 
diaphragm;  that  is  to  say,  the  column  falls  dm-ing  the  expiratory  rise 
of  the  diaphragm  and  rises  during  inspiration. 

Unfortunately  this  sign  is  not   quite  trustworthy,  because   similar 
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conditions  may  be  observed  in  large  pleural  exudates  which  bring  about 
a  kind  of  tonic  palsy  of  the  diaphragm.  Owing  to  the  pressure  of  the 
intercostal  muscles,  the  excessive  action  of  which  is  not  expended  on  the 
dilatation  of  the  thorax,  a  slight  inspiratory  rise  and  expiratory  fall  of  the 
manometer  is  noted  which  is  in  direct  contrast  to  ordinarv  conditions. 


Vn,  DIAGNOSIS. 

The  diagnosis  of  pneumothorax  in  the  early  stages  and  when  the 
amount  of  air  is  small  is  not  always  easy,  because  the  metallic  phe- 
nomena, which  constitute  the  most  important  signs,  and  the  almost 
equally  valuable  results  of  percussion  are  apt  to  be  ambiguous  even 
when  they  are  distinctly  present,  which  is  not  always  the  case  at  first. 

I  have  seen  a  whole  series  of  cases  in  which  there  was  collapse, 
dyspnea,  disappearance  of  the  respiratory  murmur  on  both  sides  or 
only  on  one  side,  just  as  in  pneumothorax,  T\ithout  the  classic  metallic 
phenomena  making  their  appearance ;  and,  as  subsequent  observation 
showed,  the  symptoms  were  not  due  to  the  escape  of  air  into  the 
pleural  cavity  but  to  obstruction  of  a  pulmonary  artery,  acute  emphy- 
sema, rheumatism  of  the  chest  muscles,  cardiac  weakness,  etc.  On 
the  other  hand,  I  have  also  seen  cases  suddenly  dei'elop  metallic  sounds 
with  characteristic  dyspneic  phenomena,  though  subsequent  observa- 
tion showed  that,  instead  of  the  serious  concUtion  of  pneumothorax, 
one  had  to  deal  \di\\  acute  dilatation  of  the  stomach,  or  the  sudden 
production  of  the  metallic  phenomena  in  a  large  canity  after  the  ex- 
pectoration of  large  masses  of  sputum,  or  the  ruptm^e  of  a  septmn 
traversing  the  caA^ty. 

To  tliis  ambiguity  of  the  symptoms  the  further  difficulty  is  in  many 
cases  added  that,  out  of  regard  for  the  sufferings  of  the  patient,  the 
diagnostic  methods  cannot  be  utilized  to  their  full  extent  because  any 
change  of  position  or  bodily  cUsturbance  must  be  avoided  for  fear  of 
enlarging  an  already  existing  perforation  and  increasing  the  weakness 
and  collapse  or  aggravating  the  pain  and  dyspnea.  A  painstaking  ex- 
amination is  therefore  always  to  be  recommended,  and  wdth  some  per- 
severance on  the  part  of  the  examiner  his  end  can  usually  be  attained 
without  doing  the  patient  any  serious  damage. 

It  is  not,  as  a  rule,  very  important  to  determine  whether  the  fistula 
of  a  pneumothorax  is  open  or  closed.  It  is  much  more  important  to 
determine  the  primary  disease,  so  as  to  learn  the  cause  for  the  escape 
of  air  into  the  pleural  canity.  It  should  also  be  determined  whether 
an  exudate  is  present  and  whether  the  pneumothorax  is  completely 
encapsulated,  as  in  the  latter  case  I  believe  interference  is  positively 
contraindicated. 

Notwithstanding  the  fact  that  the  metallic  phenomena  are  espe- 
cially weU  marked  in  an  encapsulated  pneumothorax,  this  condition 
is  very  apt  to  be  mistaken  for  a  large  cavity,  especially  as  the  position 
of  the  neighboring  organs  is,  of  course,  not  materially  affected.  "\Miile 
from  a  scientific  point  of  view  the  sudden  breaking  down  of  a  septum 
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in  the  ca\dty,  ^^dth  the  production  of  metallic  phenomena  like  those 
seen  in  pneumothorax,  ma}^  be  of  the  greatest  interest,  such  an 
event  does  not  in  the  slightest  affect  the  treatment  of  the  case,  for  the 
diagnosis  is  of  no  use  to  the  patient,  since  it  is  too  late  for  any  active 
interference. 

The  differential  diagnosis  between  a  large  cavity  and  pneumo- 
thorax is  purel}'  a  diagnostic  feat,  if  we  merely  determine  whether  the 
metallic  phenomena  occiu'ring  in  the  course  of  advanced  phthisis  de- 
pend for  their  production  on  the  former  or  the  latter  condition.  As  a 
rule,  the  nutrition  of  a  patient  presenting  large  cavities  ■\\ith  distinct 
metallic  phenomena  is  already  serious!}^  impaired,  and  if  the  general 
condition  is  fairly  good,  the  existence  of  a  large  cavit}'  can  scarcely  be 
taken  into  serious  consideration. 

On  the  other  hand,  it  is  very  important  to  determine  whether 
tuberculosis  is  the  cause  of  a  pneumothorax,  for  even  a  small  tuber- 
culous focus  may  rupture,  and  in  such  a  case  recovery  both  from  the 
pulmonary  disease  and  from  the  pnemiiothorax  is  not  by  any  means 
impossible.  Marked  nutritive  disturbances,  the  history  of  a  former 
pleurisy,  apical  catarrh,  sw^elhng  of  the  glands,  hereditary  predisposi- 
tion, great  constancy  of  the  phenomena,  positive  result  of  an  analysis 
of  the  sputum,  wliich  often  contains  numerous  bacilli,  and  hemor- 
rhages from  the  limg  would,  of  coiu-se,  tend  to  indicate  the  phthisical 
nature  of  the  process. 

It  is  of  the  greatest  importance  to  determine  whether  pneumo- 
thorax is  caused  by  a  gangrenous  focus  in  the  lung  or  by  a  putrid  exu- 
date, for  in  the  latter  case  operative  interference  is  distinctly  incUcated, 
just  as  it  is  in  that  form  of  pneumothorax  which  is  produced  by  the 
rupture  of  an  empyema  into  the  bronclii.  But  the  treatment,  to  be 
successful,  presupposes  the  greatest  accuracy  in  chagnosis,  hence  all 
the  phenomena  must  be  tested  wdth  the  most  painstaking  care.  Exam- 
ination of  the  sputum  and  exploratory  pmictm-e  are  the  two  methods 
that  most  strongly  recommend  themselves  imder  these  conditions, 
because  the  demonstration  of  tubercle  bacilli,  on  the  one  hand,  and, 
on  the  other  hand,  the  finding  of  crystals  of  hematoidin  and  of  fatt}^ 
acids  or  of  the  characteristic  offensive  plugs  and  shreds  of  tissue,  or 
even  the  mere  presence  of  numerous  pyogenic  micro-organisms,  is  of 
the  greatest  importance. 

According  to  Wintrich,  it  is  almost  impossible  to  mistake  pneumo- 
thorax for  an  advanced  degree  of  emphysema,  as  the  signs  of  pneumo- 
thorax are  much  more  intense  and  the  physical  signs  vary  wideh'  in 
the  two  conditions.  Nevertheless  I  have  seen  cases  in  which  the 
diagnosis  was  at  first  an3i;liing  but  easy.  The  cUfficulty  would  not, 
of  course,  arise  in  simple  emphysema  with  good  compensation ;  it 
might,  however,  arise  when  there  is  a  sudden  acute  pulmonary  insuffi- 
ciency, such  as  occasionally  develops  in  the  later  stages  of  emphysema, 
or  when  a  sudden  intense  enlargement  of  the  lung  is  accompanied  by 
extreme  dj^spnea.  In  such  cases  there  is  complete  collapse,  the  car- 
diac dulness,  owing  to  the  extreme  inflation  of  the  lung,  almost  or 
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completely  disappears,  the  respiratory  murmur  is  inaudible  or  replaced 
by  a  peculiar,  faint  amphoric  breathing,  especially  in  the  interscapular 
space,  and  the  sound  obtained  by  percussion  shows  the  highest  grade 
of  resonance.  The  diagnosis  can,  perhaps,  be  positively  determined 
only  by  the  symmetric  appearance  of  the  phenomena,  since  double 
pneumothorax  is  one  of  the  very  rarest  of  occurrences,  and  by  the  ab- 
normally loud  percutory  sound  over  the  entire  thorax,  combined  with 
comparatively  faint  metallic  phenomena. 

Other  factors  to  be  considered  in  the  diagnosis  are  a  negative  result 
with  Heubner  and  Leichtenstern's  method  of  percussion  with  the 
handle  of  the  pleximeter,  and  the  presence  either  of  large  mucous  rales 
characteristic  of  bronchial  catarrh,  or  of  diffuse  crepitant  rales,  indi- 
cating the  beginning  of  pulmonary  edema,  which  usually  accompanies 
the  pulmonary  insufficienc}''. 

Diaphragmatic  hernia  is  a  condition  that  is  apt  to  be  mistaken 
for  pneumothorax;  the  most  important  signs  in  favor  of  hernia  are 
violent  abdominal  pain,  colic,  vomiting,  indicanuria,  and  albuminuria. 
The  percussion  note  in  hernia  almost  always,  unless  strangulation  and 
extreme  meteorism  are  present,  has  a  distinct  tympanitic  character. 
In  some  cases  the  absence  of  fever  will  suggest  the  diagnosis,  although 
subnormal  temperature  with  symptoms  of  collapse  and  shock  are  not 
unknown  in  pneumothorax. 

Another  sign,  contributed  by  Gerhardt,  is  that  the  rales  in  hernia 
are  associated  more  closely  with  peristalsis  than  with  the  respiratory 
movements  and  are  more  continuous. 

In  addition  to  what  has  been  said  about  the  diagnosis  of  open  and 
closed  pneumothorax  and  of  pulmonary  fistula  (see  Mechanism  of 
Escape  of  Air  and  Symptomatology),  we  may  mention  the  following 
points : 

Increased  intensity  of  amphoric  breathing  does  not  always  indicate 
the  presence  of  a  fistula ;  the  amphoric  breathing  may  become  intensi- 
fied whenever  the  media  are  unusually  favorable  for  sound-conduction 
and  the  respiratory  movement  in  the  lung  suffices  for  the  production  of 
a  distinct  respiratory  murmur. 

Nor  does  the  periodic  occurrence  of  violent  paroxysmal  cough, 
accompanied  by  the  expectoration  of  large  masses  of  exudate  (Win- 
trich),  appear  to  possess  any  diagnostic  value  for  the  presence  of  an 
open  fistula.  As  has  already  been  stated  in  the  description  of  pleurisy, 
this  copious  paroxysmal  expectoration  does  not  always  come  from  the 
pleura,  as  it  may  emanate  from  bronchiectatic  diverticula  which  are 
evacuated  either  by  the  pressure  of  their  own  contents  or,  as  occurs 
more  frequently,  by  a  change  of  position.  This  copious  expectora- 
tion is  not  even  a  positive  sign  of  the  existence  of  a  true  bronchiec- 
tatic cavity,  as  the  bronchial  mucous  membrane  in  the  resting 
lung  may  produce  enormous  quantities  of  pus  and  mucus,  which, 
owing  to  the  diminished  cough  reflex,  are  only  expectorated  from 
time  to  time.     The  ^dew  advanced   by  various  authors  that  the 
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masses  contained  in  the  plouia  are  not  expectorated  until  the  level 
of  the  fluitl,  by  a  change  of  position,  is  nmde  to  exceed  that  of  the 
fistula,  appears  to  nie  to  be  in  direct  contradiction  to  the  mechanism 
of  the  respirator)'  organs.  Besitles,  the  point  where  the  air-ciurent 
which  constantly  passes  through  the  fistula  exerts  the  greatest  amount 
of  irritation  is  where  we  are  most  apt  to  have  the  production  of  a  solid 
exudate.  The  attempt  has  also  been  made  to  obtain  some  data  for 
the  diagnosis  from  the  chemical  composition  of  the  air.  Da\y,  Mar- 
tin, Solon,  Wintrich  and  Le  Conte  have  devoted  some  study  to  this 
question,  without,  however,  arriAdng  at  anj^  definite  conclusions. 
Quite  recently  Ewald  again  bestowed  his  attention  on  this  question, 
and  by  means  of  a  comparativel}'  simple  procediu-e  obtained  results 
wliich  he  believed  justified  Mm  in  stating  that  whenever  the  propor- 
tion of  CO^  in  the  air  of  a  pneumothorax  falls  below  5%  an  open  fistula 
may  be  positively  assumed,  while  a  proportion  exceeding  10%  indi- 
cates a  complete  occlusion  Tencapsulation),  and  a  quantity  varying 
between  5%  and  10%  an  incomplete  occlusion. 

These  figures  do  not  appear  to  be  sufficienth'  correct  to  afford  a 
basis  for  a  practical  cUagnosis,  but  a  consideration  of  the  general  condi- 
tions and  the  local  s^inptoms  usually  indicates  whether  the  gas  is  still 
accumulating  or  has  ceased  to  escape,  although  tliis  does  not,  of  course, 
mean  that  the  fistula  has  become  permanently  closed. 
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The  com'se  of  the  disease  is  usually  dependent  on  the  primary 
trouble.  In  debilitated  individuals,  in  advanced  tuberculosis,  when 
the  neighboring  organs  are  much  displaced,  the  exudate  accumulates 
rapidly,  and  there  is  cUffuse  or  far-reaching  gangrene  of  the  lung,  the 
result  is  almost  alwaj'S  fatal.  Death  in  such  cases  may  ensue  a  few 
hours  after  perforation.  It  is  certain  to  occur  wdthin  a  few  weeks, 
with  the  rapid  formation  of  a  large  purulent  exudate,  which  quickly 
undergoes  putrefaction.  The  fatal  outcome  is  frequently  preceded  by 
rapidly  developing  edema  in  the  lower  extremities,  congestion  of  the 
liver,  ascites,  and  decubitus,  and  the  patients  suffer  greath^  from 
attacks  of  dyspnea  and  protracted  paroxysms  of  cough. 

According  to  Weil's  analysis,  one-fourth  of  all  the  cases  of  pneu- 
mothorax die  -u^thin  the  first  weeks,  and  one-half  diu-ing  the  first 
month;  by  far  the  majority  die  a  few  months  after  the  escape  of  air. 
Cases  have,  however,  iDeen  reported  in  which  death  was  delaj^ed  for 
many  months  or  even  for  several  years,  [^lorse  concludes  from  his 
'•Analysis  of  51  Cases  of  Pneumothorax  "*that  recover}-  from  the 
pneumothorax  may  oc^ur  in  about  15%  of  all  cases.  The  cases  which 
recover  are  practically  all  cases  of  serous  effasion,  and  the  patients 
usuall}'  die  later  of  pulmonary  tuberculosis.  The  pneumothorax  is 
the  direct  cause  of  death  in  60%  of  all  cases ;  80%  die  in  less  than 

*  Amer.  Jour.  Med.  Sci.,  May,  1900. 
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a  year,  and  only  10%  live  over  five  years.  The  prognosis  is  worse  in 
right-sided  than  in  left-sided,  and  in  purulent  than  in  serous  pneu- 
mothorax.— Ed.] 

Uncomplicated  traumatic  pneumothorax,  on  the  other  hand,  as 
well  as  internal  pneumothorax  due  to  the  mere  rupture  of  an  emphy- 
sematous area,  has  a  relatively  favorable  prognosis.  [Rose  reports 
twelve  eases  of  complete  recovery  from  tubercular  pneumothorax 
without  effusion.  There  is  distinct  prospect  of  cure  if  the  lungs  are 
not  greatly  involved  and  no  complication  exists.  The  purulent  cases 
are  the  most  serious.  Operation  is  advised  whenever  practicable,  as 
it  is  always  followed  by  improvement  even  when  recovery  does  not 
occur. — Ed.]  Pneumothorax  following  a  solution  of  continuity  of  the 
chest-wall  b}^  gun-shot  or  stab  wounds  runs  a  favorable  course  unless 
there  has  been  severe  injury  to  the  lung,  or  other  complications  arise. 
The  smaller  the  amount  of  air  escaping  during  the  first  two  days,  the 
more  certain  the  prospect  of  spontaneous  recovery.  Heviorrhage,  as 
a  rule,  does  not  affect  recovery  unfavorably  unless  it  is  profuse  enough 
to  weaken  the  patient  or  produce  a  lasting  anemia.  Indeed,  a  certain 
amount  of  hemorrhage  appears  to  have  a  favorable  influence  in  pre- 
serving asepsis  within  the  cavity. 

It  goes  mthout  saying  that  the  presence  of  foreign  bodies,  such  as  a 
knife-blade,  projectile,  pieces  of  clothing,  or  splinters  of  bone,  mate- 
rially affect  the  com'se  of  the  disease  and  ultimate  recovery,  botii  by 
their  mere  presence  and  by  the  necessity  to  which  they  give  rise  of 
resorting  to  operative  intervention.  On  the  other  hand,  appropriate 
surgical  interference  may  tend  to  arrest  the  irritation  of  the  pleura  and 
the  formation  of  the  exudate,  so  that  the  prognosis  as  just  given  ap- 
plies only  to  spontaneous  recovery. 

In  pneumothorax  due  to  perforating  abscesses  after  pneumonia, 
or  to  superficial  gangrenous  foci  of  embolic  origin  or  secondary  to 
pneumonia,  the  chances  of  recovery  by  operative  means  at  least  are 
comparatively  favorable,  provided,  however,  of  com'se,  that  the  infec- 
tion becomes  localized  and  not  more  than  one  purulent  or  gangrenous 
focus  is  present.  The  chances  of  recovery  in  such  a  case  depend  on 
the  formation  of  dense  adhesions  about  the  infected  focus  and  on  the 
ease  with  which  the  focus  can  be  reached  for  purposes  of  treatment 
(see  page  950). 

If,  however,  the  empyema  or  pneumothorax  collects  at  some  point 
remote  from  the  gangrenous  focus,  as  sometimes  occurs,  the  chances 
for  recovery  after  operative  intervention  are  less  favorable;  for  this 
reason  pneumothorax  after  extensive  gangrene  originating  in  more 
than  one  focus  alwaj^s  offers  a  bad  prognosis. 

It  is  difficult  to  formulate  any  general  statement  in  regard  to  the 
prognosis  of  pneumothorax  as  regards  spontaneous  recover}^  in  phthis- 
ical patients.  In  them  pneumothorax  is  always  a  much  more  serious 
condition  than  a  serous  or  even  a  purulent  pleural  exudate;  the  latter 
not  infrequently  heals  spontaneously,  and  may  even  temporarily 
arrest  the  cheesy  and  tubercular  processes  in  the  lungs,  while  pneumo- 
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thorax  always  exerts  an  unfavorable  influence  on  the  disease,  as  in 
the  great  majority  of  cases  it  ultimately  leads  to  putrefaction.  Ac- 
cordingh',  I  have  rarely  seen  complete  recovery  from  pneumothorax 
occur  in  phthisical  patients ;  almost  all  the  patients  die  of  asphyxia  or 
exhaustion ;  in  the  most  favorable  cases  the  symptoms  progress  slowly 
with  a  periodic  increase  in  the  accunuilation  of  air  and  exudate. 

This  statement  applies,  of  com'se,  only  to  pronounced  cases  of 
phthisis;  pneumothorax  occurring  in  consequence  of  a  small  tuber- 
cular focus  may  be  completely  recovered  from,  and  even  the  original 
pulmonary  symptoms  may  eventually  disappear  entirely. 

In  favorable  cases  the  exudate  as  a  rule  increases  very  slowh^  or  not 
at  all,  but,  owing  to  the  peculiar  alterations  in  the  sound-conducting 
properties  of  the  tissues  and  the  ease  with  which  metallic  phenomena 
can  be  heard  over  a  wide  area,  it  is  not  always  possible  to  determine 
the  size  of  the  exudate  and  the  changes  in  volume  that  occur,  even 
when  relatively  light  percussion  is  used. 

The  presence  of  an  exudate  very  rarely  leads  to  absorption  of  the 
pneumothorax,  although  cases  occur  in  which  the  exudate  graduallj'' 
grows  until  finally  not  a  trace  of  air  can  be  demonstrated.  As  in  these 
cases  the  presence  of  air  cannot  be  demonstrated  even  after  the  fluid 
has  been  evacuated,  it  seems  right  to  assume  that  the  air  has  been 
absorbed  by  the  fluid  or  by  the  pleura  itself. 

In  extensive  pleuritic  processes,  whether  they  are  dependent  on 
tuberculosis  or  not,  it  is  to  be  regarded  as  a  favorable  occiurence  when 
both  the  exudate  and  pneumothorax  remain  stationary.  The  pa- 
tients gradually  learn  to  accommodate  themselves  to  the  new  condi- 
tions, and  may  make  comparatively  large  gains  in  strength  and  gen- 
eral nutrition.  The  outlook  is  particularly  good  when  there  is  no 
fever ;  but  persistent  subnormal  temperature  is  a  very  bad  sign. 

Quite  frequently  a  change  in  the  proportion  between  the  exudate 
and  the  air  is  observed ;  the  exudate  may  rise  or  fall  and  again  become 
increased  without  any  demonstrable  cause. 

No  adcUtional  data  need  here  be  given  in  regard  to  the  form  of 
pneumothorax  where  a  permanent  external  or  internal  fistula  after  a 
time  develops,  as  in  cases  of  delayed  recovery  after  empyema  opera- 
tions, or  after  rupture  of  an  exudate  into  the  lung,  as  this  accident  and 
its  causes  have  been  sufficientlv  discussed  in  connection  vAXh.  the  opera- 
tion for  empyema.  A  patient  with  such  a  fistula  may  under  certain 
concUtions  live  for  years  in  comparative  comfort;  he  finally  dies  with 
symptoms  of  cachexia,  general  anasarca,  or  as  a  consequence  of  amy- 
loid and  fatty  degeneration  of  the  organs. 


IX.  TREATMENT. 

From  what  has  been  said  a  number  of  indications  naturally  pre- 
sent themselves.  The  most  important  is  to  support  the  patient's 
strength  as  much  as  possible  in  cases  of  collapse  when  there  is  violent 
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pain  and  when  the  patient  has  constant  attacks  of  cough  and  is  in 
danger  of  being  asphyxiated,  and  to  diminish  the  abnormal  reflex 
phenomena  as  much  as  possible.  There  is  nothing  better  in  such  cases 
than  a  hypodermic  injection  of  7norphin  of  the  proper  strength,  as  this 
combines  the  effect  of  an  antispasmodic  and  sedative  in  equal  degrees. 
Quite  often  examination  is  impossible  until  the  patient  is  brought 
under  the  influence  of  morphin. 

Morphin  may  be  confidently  given  even  in  cases  of  profound  col- 
lapse, as  it  never  fails  to  have  a  favorable  influence,  just  as  in  cases  of 
stenocardia.  There  is  no  objection  to  giving,  in  addition,  an  anti- 
spasmodic such  as  ether,  wine,  or  coffee,  providing  the  patient  is  able 
to  swallow.  It  wdll  always  be  found,  however,  that  if  there  is  any 
possibility  at  all  of  reviving  the  patient's  strength,  nothing  will  ac- 
complish it  better  than  a  morpliin  injection  of  the  proper  dose;  given 
by  the  mouth,  morphin  has  not  anything  like  the  same  effect.  The 
proper  use  of  morphin  enables  one  to  dispense  with  the  application  of 
antipyretic  and  antiphlogistic  remedies,  which  are  usually  of  no  avail, 
or  of  ice-bags,  warm  compresses,  or  cups. 

It  has  been  recommended  that  the  diseased  site  be  bandaged  either 
with  roller  bandages  or  adhesive  strips  in  order  to  immobolize  it  and 
counteract  the  pressure  of  the  air;  but  this  method  of  treatment  is 
no  more  useful  in  pneumothorax  than  in  pleurisy,  as  the  necessary 
amount  of  fixation  and  counterpressure  cannot  be  achieved  without 
injuriously  interfering  with  the  breathing  of  the  other  side  and  causing 
the  patient  a  great  deal  of  discomfort. 

The  treatment  in  traumatic  pneumothorax  cannot  b6  laid  down 
dogmatically.  If  there  is  a  penetrating  wound  of  the  chest  with  a 
large  accmnulation  of  air,  and  it  is  positively  determined  that  carriers 
of  infection  or  large  foreign  bodies  have  entered  the  pleural  cavity,  it 
is  always  advisable  to  enlarge  the  wound  and  irrigate  thoroughly  with 
a  disinfecting  solution  and  then  to  treat  the  condition,  like  any  empy- 
ema, with  iodoform.  The  earlier  these  measures  are  carried  out,  the 
better  the  prospect  of  success.  Once  the  infection  has  become  gen- 
eral, so  that  micro-organisms  become  deposited  in  the  tissues,  there 
is  little  chance  of  permanently  removing  the  noxious  material  by 
means  of  irrigation. 

When  the  amount  of  air  is  inconsiderable  and  the  entrance  of 
foreign  bodies  can  be  excluded  by  the  character  of  the  wound  and  the 
condition  of  the  clothing,  and,  finally,  in  all  cases  in  which  there  is  no 
visible  external  wound,  it  is  better  to  desist  from  any  form  of  opera- 
tion, or  at  most  to  make  a  simple  incision,  if,  in  spite  of  hj^podermic 
administration  of  morphin,  alarming  symptoms  of  asphyxia  from  pres- 
sure on  important  organs  make  their  appearance.  At  all  events,  it  is 
advisable  to  aspirate  the  air  once  or  twice  just  sufficiently  to  bring 
about  a  slight  diminution  of  the  alarming  symptoms. 

If  a  hemothorax  exists  at  the  same  time,  operation,  as  has  already 
been  stated,  is  indicated  only  when  it  becomes  evident  by  the  increas- 
ing pallor  of  the  patient  and  by  the  other  symptoms  that  the  hemor- 
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rhage  is  still  going  on  antl  is  presumably  arterial,  as,  for  instance,  from 
one  of  the  intercostals  which  may  be  situated  near  the  external  wound 
and  may  be  more  accessible  from  within  than  from  without.  [G.  N. 
Pitt  reports  a  case  of  hemopneumothorax  apparentl}'  due  to  the  rup- 
ture of  an  emphysematous  bulla.*  The  right  pleural  cavity,  at  the 
auto{:)sy,  was  fomid  to  contain  eight  pints  of  fluid  blood  and  clots, 
with  nuK'h  air  under  tension;  the  lungs  were  compressed  but  healthy, 
except  for  a  small  emphysematous  bulla  with  an  imperfect  wall, 
near  the  right  apex. — Ed.] 

If  it  is  positively  known  that  the  pneumothorax  is  due  to  rupture 
of  an  empyema  or  of  a  gangrenous  focus,  it  is  advisable,  especially 
in  the  latter  case,  to  operate  at  once.  Unless  there  are  dangerous 
complications  the  operation  will  almost  always  be  successful.  If  it 
can  be  positively  determined  that  an  empyema  has  ruptured  through 
the  bronclii,  an  empyema  operation  is  to  be  ad^^sed,  in  spite  of  the 
fact  that  spontaneous  cure  in  these  cases  not  rarely  occurs ;  because 
operation,  pro^dded  the  lung  retains  some  power  of  expanding,  is 
certain  to  hasten  recover}^  and  is  often  the  only  means  of  curing  the 
patient.  To  depend  on  spontaneous  cure  in  such  cases  is,  in  our 
opinion,  not  rational,  as  the  usual  results  of  pleurotomy  present  better 
chances  for  recovery  than  the  imcertaint}^  of  internal  evacuation  which 
fails  to  guarantee  thorough  elimination  of  all  the  pus  and  permanent 
asepsis.  On  the  other  hand,  after  rupture  of  a  pulmonary  ulcer  into 
the  pleural  ca\dty  the  operation  may  be  delaj^ed,  as  in  such  cases,  in 
spite  of  the  entrance  of  air,  there  may  be  no  decomposition  and  the  air 
in  the  pleural  ca\aty  may  undergo  spontaneous  absorption,  especially 
if  there  are  adhesions.  The  operation  must  always  be  performed  if  the 
symptoms  are  such  as  to  indicate  that  the  contents  of  the  stomach  or 
the  intestines  have  entered  the  pleura,  or  if  a  rapid  increase  of  the 
exudate  and  other  alarming  symptoms  occur. 

If  it  appears  that  the  pneumothorax  has  been  produced  by  a  for- 
eign body  entering  from  the  esophagus  or  trachea,  operation  is  abso- 
lutely unavoidable,  as  the  mere  presence  of  a  sharp  object,  such  as  a 
bone  splinter  or  pin,  is  a  constant  menace,  even  granting  that  com- 
plete asepsis  can  be  maintained,  which  is  exceedingly  improbable. 

In  the  forms  of  pneumothorax  which  suddenl^^  appear  without 
warning  and  in  an  apparently  healthy  lung  or  after  great  exertion, 
there  can  be  no  thought  of  operation  imless  the  patient's  life  is  threat- 
ened by  the  formation  of  a  large  purulent  exudate  or  the  course  of  the 
.fever  is  such  as  to  suggest  putrefaction.  In  such  cases  an  exploratory 
pimcture  is,  of  course,  indispensable. 

With  Le^'den,  I  do  not  regard  a  simple  seropneumothorax  as  an 
indication  for  incision,  as  serous  exudation  appears  to  be  an  expression 
of  a  peculiar  form  of  irritation  of  the  pleura  which  cannot  be  success- 
fully combated  by  mere  evacuation  of  the  exudate.  In  empyema,  on 
the  other  hand,  the  exudate  itself,  in  the  great  majority  of  cases,  is  the 
most  important  irritant,  and  alone  tends  to  keep  up  the  inflammation 

*  Clinical  Soc.  Trans.,  vol.  xxxiii. 
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in  the  pleura;  hence  the  empyema  operation,  which  has  for  its  object 
the  complete  removal  of  this  irritant,  is  usually  followed  by  a  very 
favorable  result.  As  long  as  the  exudate  of  a  pneumothorax  remains 
serous,  therefore,  there  is  no  urgent  need  of  operation,  especially  if  it 
is  accompanied  by  high  fever,  the  chief  sign  of  pleural  irritation.  In 
any  case,  however,  the  condition  of  the  pulmonary  tissue  will  eventu- 
ally decide  as  to  the  necessity  of  operation. 

The  question  of  operation  is  difficult  to  decide  in  all  cases  compli- 
cated by  advanced  destructive  bronchopneumonia  or  emphysema,  not 
to  mention  tuberculosis,  for  it  is  hard  to  see  what  good  it  can  do  to 
evacuate  the  air  through  the  incision  in  diffuse  degeneration  of  the 
pulmonary  tissue. 

That  no  radical  operation  should  be  undertaken  in  cases  of  ad- 
vanced phthisis  goes  without  saying,  as  the  chances  for  the  alleviation 
of  the  symptoms  or  even  recovery  bear  no  proportion  to  the  direct 
consequences  and  hardships  of  an  incision. 

The  practice  of  performing  an  incision  to  save  life  is  in  general  to 
be  condemned,  as  it  is  impossible  to  be  sure  beforehand  that  the  lung, 
under  the  influence  of  the  artificial  external  pneumothorax,  will  not 
retract  and  lose  its  function  altogether. 

Incision  is  therefore  recommended  under  the  following  circum- 
stances, providing  the  state  of  the  lungs  and  the  general  condition  of 
the  patient  are  not  absolutely  unfavorable :  when  the  exudate  is  very 
large,  when  the  pus,  as  shown  by  the  exploratory  puncture,  is  thin, 
and  when  there  is  the  slightest  tendency  to  putrefaction.  If  these 
indications  are  observed,  the  radical  operation  will  be  followed  by 
relatively  favorable  results. 

Whether  there  is  a  valvular  pneumothorax  or  a  closed  pneumo- 
thorax in  the  organic  or  mechanical  sense,  operation  is  equally  out  of 
the  question,  as  in  our  opinion,  the  presence  of  an  external  wound  can 
only  have  an  unfavorable  effect  on  the  respiration  without  offering 
better  chances  for  the  permanent  closure  of  the  fistula,  since  the  air- 
pressure  of  the  pneumothorax  itself  effects  the  greatest  possible  in- 
crease in  pressure  obtainable,  and  must,  therefore,  eventually  bring 
about  mechanical  closure  of  the  fistula. 

Puncture  should  be  resorted  to  only  in  desperate  cases;  it  will 
always  be  found  that  it  is  even  less  successful  in  pneumothorax  than 
in  empyema.  Although  the  immediate  relief  may  be  quite  consider- 
able, it  is  never  lasting;  and  if  the  exudate  is  at  all  large,  two  or  three 
repetitions  of  the  procedure,  even  when  carried  out  with  the  greatest 
care,  are  practically  certain  to  produce  putrefaction  and  lead  to  rapid 
loss  of  strength.  The  operation  ultimately  loses  even  its  momentary 
good  effect,  and  I  entirely  agree  with  Senator,  who  believes  that  the 
palliative  value  of  puncture  in  most  cases  is  quite  insignificant.  It 
should  be  resorted  to  only  when  there  is  a  vital  indication ;  in  all  ordi- 
nary cases  it  is  best  to  administer  narcotics,  which  do  a  great  deal 
toward  removing  the  most  distressing  symptoms.  If  it  can  be  posi- 
tively determined  that  one  has  to  deal  only  with  an  encapsulated  or 
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circumscribed  pnoiimollioi-ax  of  moderate  extent,  tliere  is  no  objection 
to  aspiration,  but  this  diagnosis  is  very  much  harder  to  make  in  prac- 
tice than  on  paper. 

The  technique  of  the  operation  is  very  simple;  it  can  be  done 
either  by  immersion  in  antiseptic  fluid  and  with  a  simple  fountain 
syringe,  or  with  weak  aspiration.  With  the  first  method  it  is,  of 
course,  quite  conmion  to  have  a  smaller  amount  of  air  escape  than 
when  aspiration  is  used,  and  sometimes  the  behavior  of  the  air  may 
serve  to  indicate  the  degree  of  pulmonary  expansion  or  the  existence 
of  paresis  of  the  chest-walls  and  a  relaxation  of  the  tonus  in  the  struc- 
tures smTounding  the  pleura. 

The  puncture  should  be  made  in  one  of  the  upper  intercostal  spaces 
in  the  anterior  or  lateral  wall,  or  the  needle  may  be  introduced  at  the 
point  where  the  percussion  note  and  metallic  sound  are  loudest.  I  have 
never  seen  subcutaneous  emphysema  follow  the  operation  unless  it  already 
existed  in  some  degree  from  necrosis  of  the  costal  pleura.  Unless  the 
needle  is  left  in  place  too  long,  or  the  edema  and  infiltration  of  the  chest- 
walls  are  such  as  to  produce  a  sinus  with  rigid  walls  that  refuse  to  collapse, 
there  is  no  danger  of  subcutaneous  emphysema. 

After  many  years  of  observation  I  have  not  been  able  to  con- 
vince mj^self  of  the  value  of  puncture  and  the  injection  of  antiseptic 
or  aseptic  solutions  in  uncomplicated  purulent  exudates,  and  except  in 
very  rare  cases,  there  is  no  reason  to  expect  any  better  success  from 
the  same  measures  in  pneumothorax.  This  view  has  been  fully 
borne  out  by  my  later  experience,  and  other  observers  also  have  come 
to  the  same  conclusion. 

The  view  advanced  by  Potain,  that  the  chief  danger  in  pneumo- 
thorax depends  on  the  formation  of  large  fluid  and  putrid  exudates,  is 
probably  correct  in  the  main,  since,  as  has  already  been  mentioned, 
the  mere  entrance  of  air  from  the  lungs  is  a  very  small  factor  if  the 
pleura  is  otherwise  free  from  irritation  and  no  other  complications 
exist.  His  further  conclusion,  however,  that  the  chief  danger  in 
pneumothorax  can  be  removed  by  substituting  sterilized  air  for  the 
exudate  is  not  admissible.  In  many  cases,  and  especially  when  the 
exudate  is  not  putrid,  the  danger  does  not  lie  in  the  exudate  itself, 
but  in  the  fact  that  the  pleura  happens  to  be  in  a  state  of  irritation 
favorable  for  the  production  of  a  very  large  exudate ;  and  although 
a  return  to  normal  conditions  may  be  hastened  and  resorption 
possibly  facilitated  to  a  certain  extent  by  at  once  replacing  with 
air  the  fluid  removed  by  the  aspirator,  I  do  not  beheve  that  the 
procedure  is  sufficiently  radical  to  take  the  place  of  incision.  Aside 
from  the  fact  that  the  exudate  cannot  be  completely  evacuated, 
and  that  mere  evacuation  has  no  effect  on  the  micro-organisms 
residing  in  the  tissues  themselves,  it  does  not  seem  likely  that  if  the 
pleural  tissue  is  incapable  of  absorbing  the  watery  constituents  of  the 
exudate,  it  should  be  capable  of  absorbing  air,  at  least  not  to  the  ex- 
tent necessary  to  bring  about  a  complete  cure.     For  these  reasons  the 
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procedure  advocated  by  Potain  on  the  basis  of  an  insufficient  number 
of  clinical  observations  does  not  appear  to  represent  a  very  promising 
mode  of  interference. 

The  nutrition  of  the  patient  and  his  general  condition  must  receive 
careful  attention  in  all  those  cases  which  bid  fair  to  run  a  chronic 
course,  and  a  certain  amount  of  respiratory  gymnastics  should  also  be 
presj5ribed  in  suitable  cases.  But  if  the  local  changes  have  already  pro- 
duced an  intense  disturbance  of  the  respiratory  mechanism  that  cannot 
be  corrected  either  by  operative  intervention  or  by  internal  medication, 
such  measures  Avill  not  contribute  much  to  the  patient's  recovery. 

Whether  systematic  feeding  of  the  patient  based  on  scientific 
principles,  to  which  Leyden  attributes  so  much  importance,  has  any 
favorable  influence  on  the  tuberculous  process  seems  questionable. 
There  is  no  doubt  that  proper  feeding  is  most  important  for  strengthen- 
ing the  constitution,  but  in  my  experience  the  elementary  principles 
of  dietetics  have  not  as  yet  been  scientifically  formulated.  I  say  this 
in  the  face  of  the  great  interest  with  which  metabolic  changes  are  nowa- 
da3^s  being  investigated,  and  in  spite  of  the  accuracy  of  the  dietetic 
rules  to  which  they  have  given  rise.  I  find  that  we  still  have  to  fall 
back  on  certain  stereotyped  or  purely  empiric  methods,  and  that  in 
general  the  patient  gets  along  best  if  his  wishes  are  consulted  to  a 
certain  extent  without  any  theoretic  prejudices,  or  at  least  if  the 
physician  by  careful  examination  tries  to  find  the  true  reason  and 
correct  interpretation  of  the  patient's  wants  and  wishes,  which  he 
quite  frequently  does  not  clearly  understand  himself. 

Every  physician  of  experience  and  every  practical  nurse  will  admit 
that  more  can  be  accomphshed  by  coaxing  the  patient,  by  frequently 
changing  his  food,  and  by  gi^ang  him  the  right  thing  at  the  right  time, 
than  by  prescribing  a  rigid  diet  list.  We  have  learned  by  experience 
that  it  is  not  always  necessary  to  condemn  a  patient,  when  he  has 
fever,  to  a  starvation  diet;  but  it  would  be  just  as  wrong  to  allow  a  full 
diet  to  all  fever  patients  because  some  of  them  happen  to  have  a  good 
appetite  as  it  would  be  to  starve  every  patient  because  many  of  them 
have  no  appetite  and  are  unable  to  assimilate  food.  While  it  may,  of 
course,  be  injudicious  to  place  all  debilitated  patients  on  an  exclusive 
albuminous  diet,  consisting  of  roast  meats,  broths,  and  eggs,  or  to  allow 
them  strong  wines,  it  is  equally  wrong  to  deny  such  articles  of  food  to 
a  feverish  patient  if  he  happens  to  have  an  appetite  for  them,  simply 
because  it  is  generally  taught  that  only  cabohydrates  and  non-stimu- 
lating foods  are  appropriate  for  patients  suffering  from  fever. 

I  do  not  beheve,  therefore,  that  systematic  feeding  consists  in  forc- 
ing a  certain  diet  on  a  patient  or  in  insisting  on  fattening  him  against  his 
wall,  for  I  have  often  con^dnced  myself  when  attempting  to  carry  out 
forced  feeding  (Mastcur)  or  the  so-called  garage  that  excessive  feeding 
is  not  identical  with  sufficient  nutrition ;  that  is  to  say,  the  power  of 
obtaining  sufficient  energ}^  for  maintaining  existence  and  performing 
work.  Fattening  is  not  necessarily  the  same  as  strengthening  the 
organism.     I  do  not  deny  that  a  very  nervous  or  melancholy  patient 
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must  be  fed,  against  his  will  if  necessary,  for  the  body  requires  the  food 
even  though  the  initiative  for  ingestion  is  wanting.  But  a  physically 
healthy  patient,  as  a  rule,  may  be  trusted  to  make  known  his  wants. 
Even  when  a  patient  is  imconscious,  he  will  swallow  liquid  food  if  it  is 
given  to  him  in  the  proper  way.  I  must,  therefore,  take  exception  to 
any  form  of  forced  feeding,  by  whatever  name  the  method  may  be 
known,  although  I  am  quite  free  to  admit  that  such  a  treatment  may 
bring  about  a  general  improvement  and  increase  in  bodj'-weight  in 
certain  forms  of  nervousness,  in  anemia,  and  in  hysteria.  This  im- 
provement is,  however,  in  great  part  due  to  the  absolute  rest  in  bed 
and  other  changes  in  the  manner  of  li\ang  which  necessarily  accom- 
pany the  forced  feeding,  at  least  I  have  often  been  able  to  bring  about 
a  ver}'  satisfactory  improvement  in  such  persons  simply  by  ordering 
them  to  bed  for  two  weeks. 

It  is  also  to  be  remembered  that  in  almost  all  cases  of  forced  feeding 
the  bowel  movements  are  excessively  copious,  and  largely  consist  of 
undigested  masses  of  food,  shomng  that  excessive  feeding  is  accom- 
panied by  a  good  deal  of  unnecessary  work  on  the  part  of  the  digestive 
tract,  and  that  the  method,  therefore,  is  adapted  only  for  persons  vdth 
somid  organs  in  the  medical  sense,  but  "v\dth  an  abnormally  reacting 
nervous  sj^stem.  A  cUet  that  ma}^  be  appropriate  for  nervous  and 
anemic  indi^dduals  is  not  necessarily  adapted  to  the  wants  of  patients 
suffering  from  fever  or  organic  disease. 

It  is  true,  as  Le3^den  has  pointed  out  with  perfect  justice,  that  in 
the  case  of  phthisical  patients,  and,  it  might  be  added,  other  patients  as 
well,  an  increase  in  body-weight  indicates  an  improvement  in  the  gen- 
eral condition,  and,  converseh',  a  loss  in  weight  is  a  sign  that  the  gen- 
eral concUtion  is  suffering;  but  one  is  not  justified  in  concluding  from 
this  fact  that  the  patients  are  better  because  their  body-weight  is  in- 
creased ;  on  the  contrary,  the  natiu-al  conclusion  is  that  the  body-weight 
shows  a  noticeable  increase  because  the  plastic  power  of  the  organism, 
which  is  the  sign  of  an  increase  in  essential  energy,  has  been  restored 
or  even  augmented.  The  form  of  energy  which  we  are  now  consider- 
ing is  not,  in  my  opinion,  obtained  directly  from  the  food;  for  if  that 
were  true,  it  would  be  impossible  for  the  greatest  athletic  feats  to  be 
performed  w^th  a  relatively  low  amount  of  food  ingestion.  An  ex- 
cessive ingestion  of  food  merely  tends  to  the  production  of  fat  and 
plays  a  very  inconsiderable  part  in  developing  unusual  powers  of 
assimilation  and  muscular  power  in  the  boclj^* 

"WTiat  has  just  been  said  is  not  intended  to  belittle  the  value  of  ra- 
tional cUetetics;  it  is  only  meant  to  show  the  great  paucity  of  om^ 
knowledge  on  the  subject  of  energy  production  and  the  difficulty  of 
deducing  any  definite  rules  of  feeding. 

The  maintenance  of  the  work  of  the  organism  is  not  determined  merely 
b}^  the  amount  of  energy-producing  material,  so  that  the  proper  balance 

*  O.  Rosenbach,  "  Die  Entstehung  und  die  hygienische  Behandlung  der  Bleich- 
sucht,"  Leipzig,  1893. 
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cannot  be  deduced  from  the  amount  of  nitrogen,  carbohydrates,  or 
oxygen  ingested  and  excreted.  It  is  determined  by  the  possibiUty  of 
a  profit,  the  power  of  the  body  to  accumulate  energy  in  excess  of  its  needs ; 
or,  in  other  words,  of  keeping  on  hand  an  extra  supply  of  all  forms  of 
vital  energy  by  the  conversion  of  a  greater  amount  of  energy-producing 
material  than  that  which  is  lost  in  using  up  vital  energy  and  preserving 
the  cohesion  and  motion  of  the  parts  (attraction  and  repulsion,  latent 
energy  and  reserve  force);  this,  being  accumulated  as  in  a  storage 
battery,  becomes  available  at  the  required  time  for  the  production  of 
work. 

Thus  two  individuals  in  a  state  of  nitrogen  equilibrium,  while  ap- 
parently possessing  the  same  balance,  do  not  by  any  means  show  the 
same  profit;  one  of  them,  for  instance,  may,  after  the  work  has  been  per- 
formed, exhibit  a  greater  relaxation  of  tonus  or  power  of  adhesion  between 
the  different  parts  of  his  organism.  In  such  a  case  the  same  amount  of 
work  is  performed  at  the  cost  of  using  up  the  machine  (impairing  its 
power  of  cohesion),  and  this  factor,  which  in  a  commercial  balance  is 
taken  account  of  under  the  name  of  wear  and  tear,  deserves  more  careful 
consideration  than  it  has  so  far  been  accorded  in  investigations  of 
metabolism  which  simply  represent  the  determination  of  the  proper 
balance — the  relation  between  receipts  and  expenditures,  wear  and  tear 
and  profit. 

The  advantage  gained  by  feeding  a  patient  suffering  from  pneumo- 
thorax and  excessive  dyspnea  with  an  esophageal  tube,  which  avoids 
the  necessity  of  active  muscular  movements,  appears  doubtful,  since 
a  large  part  of  the  muscular  movements  can  be  equally  well  avoided 
by  simply  pouring  liquid  food  into  his  esophagus.  Dyspnea  is  ex- 
cited and  aggravated  not  only  by  the  movements  of  the  trunk  and 
extremities  associated  with  the  taking  of  food,  but  also  by  the  reflex 
effect  of  the  act  of  deglutition  on  respiration  and  circulation,  and  there 
does  not  seem  to  be  any  doubt  that  gavage  and  forced  feeding  in  them- 
selves, by  overloading  the  stomach,  directly  increase  the  mechanical 
demands  on  the  respiration,  not  to  mention  the  fact  that  the  chemical 
elaboration  of  the  food-stuffs  which  requires  an  extra  supply  of  oxygen 
also  demands  an  increase  in  the  respiratory  rate. 

Both  on  theoretic  grounds  and  after  a  large  personal  experience  I 
therefore  conclude  that  in  pneumothorax,  whether  dependent  on 
tuberculosis  or  on  chronic  pneumonia,  no  advantage  is  to  be  derived 
from  any  form  of  Mastcur, — to  use  this  term  which  best  expresses  the 
true  object  aimed  at,  namely,  excessive  feeding, — although  I  regard 
rational  feeding  as  one  of  the  most  important  therapeutic  principles, 
which  deserves  to  be  studied  from  an  entirely  new  point  of  view. 
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upper,  diseases  of,  bronchitis  in,  100 
in  emphysema,  337 
Albuminous  expectoration  after  thora- 
cocentesis, 930 
Albuminuria  in  pleurisy,  847 
Albuminuric  bronchitis,  103 
Alcohol  in  pneumonia,  529 
Alcoholism,  bronchitis  due  to,  100 

in  cause  of  emphysema,  272 
Ammonia  in  asthma,  250 

preparations  in  bronchitis,  139 
Anemia,   cerebral,   pleural  puncture    in 

prevention,  926 
Angina  in  pneumonia,  498 
Antimony  compounds  in  bronchitis,  140 
Apomorphin  in  bronchitis,  140 
Arsenic  in  asthma,  247 


Arteries,  bronchial,  anatomy  and  phy- 
siology of,  27 
pulmonary,  and  bronchi,  relation  of, 

18,  27 
Arthritis  in  pneumonia,  497 
Aspirating  apparatus,  925 
Aspiration  pneumonia,  608 

and  catarrhal  pneumonia,  diagnosis, 
differential,  626 

causes  of,  617 

course  of,  628 

diagnosis  of,  626 

pathogenesis  of,  617 

pathologic  anatomy  of,  610 

prognosis  of,  628 

prophylaxis  of,  630 

symptomatology  of,  622 

treatment  of,  630 
Asthenic  pneumonia,  581 
Asthma,  219 

ammonia  in,  250 

and  bronchitis,  diagnosis,  differential, 

130 
and  hay-fever,  relation  between,  228 
arsenic  in,  247 
bronchitis  in,  241 
causes  of,  222 

classification  of,  224 
Charcot-Leyden  crystals  in,  237 
chloral  hydrate  in,  249 
climatic  treatment  of,  248 
complicating  tuberculosis,  241 
complications  of,  241 
course  of,  225 

variations  in,  226 
diagnosis  of,  243 
diet  in,  249 
emetics  in,  250 

eosinophile  cells  in  diagnosis  of,  245 
gout  in,  241 
hay-,  96,  228 
heroin  in,  250 
htimidum,  227 
in  cause  of  emphysema,  280 
in  emphysema,  339 
inhalations  in,  248 
Ley  den  crystals  in,  237 
literature  of,  219 
migraine  in,  242 
morphin  in,  249 
nasal,  229 
nature  of,  242 
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Asthma,  nux  vomica  in,  247 
potassium  iodid  in,  247 
skin-eruption  in,  241 
smoking  in,  249 
sputum  in,  231 
stone-,  84 

diagnosis  of,  86 
symptoms  of,  86 
treatment  of,  87 
strainonium  in,  249 
symptoms  of,  231 
treatment  of,  246 
m"ticaria  in,  241 
Atelectasis,  369 
in  later  life,  376 

symptoms  of,  378 
treatment  of,  378 
in  new-born,  373 

complications  of,  375 
diagnosis  of,  375 
treatment  of,  375 
morbid  anatomy  of,  370 
pathogenesis  of,  371 
Atelectatic  areas  in  bronchiectasis,  184 

bronchiectasis,  210 
Atrium,  22 

Atrophy  of  lung  in  bronchiectasis,  209 
Attitude  of  patient  during  foreign  body 
in  bronchi,  72 
during  pneumonia,  485 
Atypical  pneumonia,  383,  579 
bibliography  of,  592 
causes  of,  586 
diagnosis  of,  590 
pathologic  anatomy  of,  585 
prognosis  of,  590 
prophylaxis  of,  591 
symptoms  of,  588 
treatment  of,  591 

Bacelli's  sign  in  pleurisy,  868 

Bacillus  of  tuberculosis,  pleurisy  due  to, 

819 
Bacteria  as  cause  of  gangrene  of  lungs, 
761 
of  pleurisy,  814 
Bacteriology  of  abscess  of  lungs,  752 
Balsams  in  bronchitis,  141 
Balz-Kashimura's  operation  for  simple 

emphysema,  936 
Baths,  cold,  in  pneumonia,  530 

vapor,  in  bronchitis,  144 

warm,  in  bronchitis,  144 
Belladonna  in  bronchitis,  140 
Bleeding  in  bronchitis,  143 
Blood,  changes  in,  in  pneumonia,  473 

in  pleurisy,  846 

pressure  in  pleurisy,  839 
Box-tone  in  emphysema,  327 
Brain,  diseases  of,  in  pneumonia,  493 
Bronchi,  anatomy  and  physiology  of,  17 

and  pulmonary  arteries,  relation  of, 
18,27 

and  trachea,  relations  of,  to  thoracic 
walls,  20 

asthma  of,  219.     See  Asthma. 


Bronchi,  calcareous  concretions  in,  82 
casts  in,  in  pneumonia,  405 
elastic  tissue  of,  24 
foreign  bodies  in,  37 

actinomycosis  from,  75 
attitude  of  patient  during,  72 
bronchiectasis  from,  74 
catarrh  from,  73 
diagnosis  of,  76 
dyspnea  during,  71 
expectant  treatment  of,  79 
from  other  than  outside  source, 

82 
literature  of,  37,  82 
nausea  during,  72 
operative  treatment  of,  78 
pain  and  paresthesia  during,  71 
pneumonia  from,  75 
position,  treatment  of,  78 
respiration  during,  70 
sepsis  from,  74 
sputum  diu-ing,  72 
symptoms  of,  70 
table  of,  39-69 
treatment  of,  77 
miconsciousness  during,  72 
gangrene  of,  164 
heart,  19 
injuries  of,  35 

literature  of,  35 
leprosy  of,  172 
lymphatics  of,  30 
main,  relation  of  pleura  to,  31 

structm-e  of,  24 
malformations  of,  35 
mold  fungi  in,  87 

mucous  membrane  of,   anatomy  and 
plwsiology  of,  32 
infection  of  surface  of,  as  a  cause 
of  bronchitis,  97 
perforation  of,  217 
causes  of,  217 
diagnosis  of,  218 
literature  of,  217 
stenosis  of,  212 

as  a  cause  of  bronchiectasis,  187 
causes  of,  212 
course  of,  215 
sj'mptoms  of,  215 
syphilis  of,  173 
com-se  of,  175 
diagnosis  of,  175 
literatm"e  of,  173 
secondary,  173 
symptoms  of,  175 
tertiarj^  174 
treatment  of,  175 
terminal,  22 
tertiary  syphilis  of,  174 
thrush  in,  87 

traction  diverticula  of,  216 
tuberculosis  of,  170 
tumors  of,  176 

symptoms  of,  178 
uric  acids  salts  in,  87 
volume  of,  32 
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Bronchial  arteries,   anatomy  and   phy- 
siology of,  27 
breathing  in  pneumonia,  462 
glands,   enlargement   of,   in   croupous 

pneumonia,  407 
veins,  anatomy  and  physiology  of,  28 
wall,  changes  in  structure  of,  24 
Bronchiectasis,  178 
atelectatic,  210 
cause  of,  185 

climatic  treatment  of,  205 
complications  of,  201 
congenital,  208 

atrophy  of  lung  in,  209 
course  of,  194 
diagnosis  of,  202 
fibrosis  of  lung  as  a  cause  of,  192 
from  foreign  body  in  bronchi,  74,  192 
garlic  in,  205 
in  children,  210 

diagnosis  of,  211 

prognosis  of,  211 

symptoms  of,  211 

treatment  of,  212 
in  emphysema,  340 
inflammatory,   180 

atelectatic  areas  in,  184 

changes  in  lungs  in,  185 

changes  in  pleura  in,  184 

pathologic  anatom}'  of,  180 
inhalation  of  creosote  vapor  in,  204 

of  oxygen  in,  205 
literature  of,  178 
operation  in,  756,  776 
pneumonia  as  a  cause  of,  194 
spa  treatment  of,  205 
stenosis  of  bronchi  as  a  cause  of,  187 
symptoms  of,  196 
syphilis  as  a  cause  of,  194 
treatment  of,  203 
tuberculosis  as  a  cause  of,  193 
varieties  of,  179 
vicarious,  207 
Broncliioles,  26 
Bronchitis,  87 
acute,  118 

treatment  of,  146 
albuminuric,  103 
alcoholism  as  a  cause  of,  100 
ammonia  preparations  in,  139 
and    asthma,    diagnosis,    differential, 

130 
and  hysteric  cough,  diagnosis,  differen- 

tiar,  131 
and  latent  pneumonia  of  aged,  diag- 
nosis, differential,  130 
and  night-cough  of  children,  diagnosis, 

differential,  132 
and  tubercular  affections,   diagnosis, 

differential,  130 
antimony  compounds  in,  140 
apomorphin  in,  140 
as  a  sj-mptom  of  emphysema,  329 
balsams  in,  141 
belladonna  in,  140 
bibliography  of,  88 


Bronchitis,  Ijleeding  in,  143 
capillary,  119 

and   bronchopneumonia,   diagnosis, 
differential,  130 

of  aged,  122 

bronchopneumonia  as  a  compli- 
cation, 123 

of  children,  120 
cause  of,  92 
chronic,  124 

and   tracheitis,    chronic,   diagnosis, 
differential,  127 

circulatory  disturbance  in,  128 

complications  of,  128 

course  of,  127 

dry  form  of,  126 

empliysema  in,  128 

purulent  form  of,  127 

serous  form  of,  126 

treatment  of,  147 
classification  of,  88 
climatic  treatment  of,  135 
clothing  in,  134 
cocain  in,  140 
cold  affusions  in,  144 

in  relation  to,  93 

water  in,  143 
cough  of,  hygienic  treatment  of,  134 
diagnosis  of,  129 
diet  in,  135 
drinkers',  100 

dry  form  of,  auscultation  in,  126 
dust  inhalations  as  a  cause  of,  94 
eosinopliilic,  104 
expectorants  in,  139 
fibrinous,  150 

cause  of,  151 

complications  of,  162 

diagnosis  of,  163 

literatm-e  of,  150 

pathologic  anatomj^  of,  155 

sjanptoms  of,  161 

treatment  of,  163 
forms  of,  91 

hydriatric  method  in,  143 
hygienic  treatment  of,  133 
in  asthma,  241 
in  constitutional  diseases,  99 
in  caiose  of  emphysema,  275 
in  diseases  of  digestive  tract,  102 

of  Irmgs,  100 

of  mediastinum,  100 

of  pleura,  100 

of  skin,  103 

of  sternum,  100 

of  upper  air-passages,  100 
in  emphysema,  339 
in  heart-disease,  101 
in  infectious  diseases,  99 
in  kj'phosis,  100 
in  myocarditis,  101 
in  scoliosis,  100 
infection    of    mucous    membrane    as 

cause  of,  97 
inhalation  of  gases  as  a  cause  of,  97 
inhalations  in,  145 
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Bronchitis,  intoxications  giving  rise  to, 
99 
irritating  particles  as  causing,  96 
local  applications  in,  144 
mineral  springs  in,  136 
mitral,  90 

moistm-e  as  affecting,  133 
morphin  in,  141 
nephritis  as  a  cause  of,  103 
nervous  diseases  as  a  cause  of,  98 
non-specific,  91 
obliterating,  107 
of  dentition  in  children,  102 
of  inebriates,  treatment  of,  147 
pathologic  anatomy  of,  104 
perspiration  in,  145 
pilocarpin  in,  140 
potassium  iodid  in,  141 
prophylactic  treatment  of,  132 
pure  air  in,  134 
purulent,  127 
putrid,  164 

and  gangrene  of  lungs,   diagnosis, 

differential,  763 
cause  of,  164 
cough  in,  168 
course  of,  168 
diagnosis  of,  168 
fever  in,  168 
literature  of,  164 
pathologic  anatomy  of,  168 
sputum  in,  166 
symptoms  of,  166 
treatment  of,  169 
turpentine  in,  169 
respiratory  gymnastics  in,  146 
saponin  preparations  in,  139 
sedatives  in,  140 
specific,  90 
strychnin  in,  142 
treatment  of,  132 
tuberculous,  170 
vapor  baths  in,  144 
venesection  in,  143 
warm  baths  in,  144 
water  in,  143 
worms  as  a  cause  of,  102 
Bronchoblennorrhea,  127 
Broncholithiasis,  84 
diagnosis  of,  86 
symptoms  of,  86 
treatment  of,  86 
Bronchophony  in  pneumonia,  463 
Bronchopneumonia  and  capillary  bron- 
chitis,   diagnosis,    differential, 
130 
as  a  complication  of  capillary  bron- 
chitis of  aged,  123 
with  pneumothorax,  treatment,  1006 
Bronchostenosis,  212 
cause  of,  212 
course  of,  215 
symptoms  of,  215 
Biilau's  operation  for  simple  empyema, 
935 
procedure,  bibliography  of,  969 


Biilau's  procedure  in  empyema  in  tuber- 
culous subjects,  952 
Bullous  marginal  emphysema,  360 

Calcareous  concretions  in  bronchi,  82 
Capillary  bronchitis,  119 

and   bronchopneumonia,   diagnosis, 

differential,  130 
of  aged,  122 

bronchopneumonia     as     a     com- 
plication, 123 
of  children,  120 
Carcinoma  of  lungs,  708 
causes  of,  713 
diagnosis  of,  720 

differential,  724 
pathologic  anatomy  of,  708 
symptoms  of,  714 
treatment  of,  725 
Cardiac    complications    in   emphysema, 
340 
disease  and  emphysema,  relation  be- 
tween, 271,  292 
bronchitis  in,  101 
insufficiency  in  pneumonia,  513 
Catarrh,    foreign    body    in    bronchi    as 

cause  of,  73 
Catarrhal  pneumonia,  382,  548 

and  aspiration  pneumonia,  diagnosis, 

differential,  626 
causes  of,  565 

predisposing,  556 
complications  of,  570 
course  of,  570 
mortality  of,  573 
pathogenesis  of,  548 
prognosis  of,  573 
diagnosis  of,  575 

differential,  575 
predisposing  causes  of,  556 
prophylaxis  of,  576 
symptoms  of,  566 
treatment  of,  576 
Cerebral  hemorrhage  in  emphysema,  340 
Charcot-Leyden  crystals  in  asthma,  237 
Children,  bronchiectasis  in,  210 
diagnosis  of,  211 
prognosis  of,  211 
symptoms  of,  211 
treatment  of,  212 
bronchitis  of,  dentition  in,  102 
capillary  bronchitis  of,  120 
night-cough  of,  and  bronchitis,  diag- 
nosis, differential,  132 
pleurisy  in,  892 
Chloral  hydrate  in  asthma,  249 
Chylothorax,  898 

Circumscribed  and  diffuse  pleurisy,  dis- 
tinction between,  807 
gangrene  of  lungs,  757,  760 
Cirrhosis  of  liver,  pneumonia  in,  498 
Climatic  treatment  of  asthma,  248 
of  bronchiectasis,  205 
of  bronchitis,  135 
Clothing  in  bronchitis,  134 
Cocain  in  bronchitis,  140 
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Cold  affusions  in  bronchitis,  143 
baths  in  pneumonia,  530 
in  relation  to  bronchitis,  93 
Collapse  in  pneumonia,  471 
Compensatory  emphysema,  358 

distribution  of,  360 

pathogenesis  of,  358 

prognosis  of,  362 

symptoms  of,  361 

varieties  of,  360 
Concretions,  calcareous,  in  bronchi,  82 
Congenital  bronchiectasis,  208 

atrophy  of  lung  in,  209 
Consciousness,   loss    of,    during   foreign 

body  in  bronchi,  72 
Constipation  in  pleurisy,  846 
Constitutional  diseases,  bronchitis  in,  99 
Contusion  pneumonia,  427 
Convulsions  in  pneumonia,  475 
Cough,   hysteric,   and   bronchitis,   diag- 
nosis, differential,  131 
in  broncMtis,  hygienic  treatment  of, 

134 
in  emphysema,  330 
in  pleurisy,  843 
in  putrid  bronchitis,  168 
night-,    of    children,    and    bronchitis, 

diagnosis,  differential,  132 
Creosote  vapor,  inhalation  of,  in  bron- 
chiectasis, 204 
Crepitant  rale  in  pneumonia,  461 
Crises  of  pneumonia,  447 
Croupous  pneumonia,  382 

bronchial  casts  in,  405 

cause  of,  408 

delaj^ed  resolution  in,  504 

duration  of,  501 

enlargement  of  bronchial  glands  in, 
407 

gray  hepatization  in,  388 

histology  of,  389 

macroscopic  appearance  in,  386 

morbid  anatomy  of,  384 

mortality     and     direct     causes     of 
death  in,  505 

pathologic  anatomy  of,  384 

pleurisy  in,  407 

purulent  infiltration  of  lung  in,  389 

red  hepatization  in,  387 

size  of  lung  in,  387 

stage  of  engorgement  in,  386 

stages  of,  386 

termination  of,  501 

thrombosis  in,  406 

weight  of  lung  in,  388 
Curvature  of  spine  in  emphysema,  321 
Cutaneous  emphysema,  366 
Cysts  of  pleura,  diagnosis  of,  889 

Delirium  in  pneumonia,  476 
tremens  in  pneumonia,  492 
Dentition  in  children,  bronchitis  of,  102 
Desquamative  pneumonia,  631 

diagnosis  of,  641 

pathologic  anatomy  of,  634 

prognosis  of,  641 


Desquamative    pneumonia,    symptoms 
of,  639 
treatment  of,  642 
Diaphragm  in  emphysema,  movements 
of,  304 
movements  of,  Litten's  sign  in,  311 
Diaphragmatic  pleurisy,  803 
Diffuse  and  circumscribed  pleurisy,  dis- 
tinction between,  807 
gangrene  of  lungs,  760 
symptoms  of,  766 
Digestive  organs  in  pleurisy,  845 
in  pneumonia,  484 
tract,  diseases  of,  bronchitis  in,  102 
Digitalis  in  pneumonia,  526 
Diplococcus  lanceolatus,  pleurisy  due  to, 

820 
Double  pleurisy,  803 
prognosis  of,  902 
Drinkers'  bronchitis,  100 
Dust,  entrance  of,  into  lungs,  666 

inhalations  as  a  cause  of  bronchitis,  95 
Dust-cells,  670 

Dyspnea  during  foreign  body  in  bronchi, 
71 
in  emphysema,  298,  316 
in  pneumonia,  453 

EcHiNOCOCCus   of  lungs,   operation   in, 

775 
Egophony  in  pneumonia,  464 
Embolism  as  cause  of  infarct  of  lungs, 

736 
of  lungs,  725 

bibliography  of,  780 

causes  of,  740 

diagnosis  of,  742 

pathogenesis  of,  725 

pathologic  anatomy  of,  725 

prognosis  of,  747 

prophylaxis  of,  747 

symptoms  of,  742 

treatment  of,  747 
Emetics  in  asthma,  250 
Emphysema,  255 
age  in  cause  of,  265 
alcoholism  in  cause  of,  272 
and  cardiac  disease,  relation  between, 

271,  292 
and     pneumothorax,     differentiation, 

999 
appearance  produced  by,  324 
asthma  in,  339 

cause  of,  280 
auscultation  in,  328 
box-tone  in,  327 
bronchiectasis  in,  340 
bronchitis  as  a  cause  of,  275 

as  a  complication,  339 

as  a  symptom  of,  329 
bullous  marginal,  360 
cardiac  complications  in,  340 
causes  of,  263 
cerebral  hemorrhage  in,  340 
circulation  in,  335 
compensatory,  358 
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Emphysema,  compensatory,  distribution 
of,  360 

pathogenesis  of,  358 

prognosis  of,  362 

symptoms  of,  361 

varieties  of,  360 
complications  in,  339 
cough  in,  330 
course  of,  292 
crnn-ature  of  spine  in,  321 
cutaneous,  366 
diagnosis  of,  342 
diaphragm  in,  movements  of,  304 

Litten's  sign  in,  311 
dyspnea  in,  298,  316 
enlargement  of  lung  in,  317 
extremities  in,  338 
gastric  disturbances  in,  340 
genital  organs  in,  337 
gout  in,  341 
heart  in,  332 
heredity  in,  264 
in  abscess  of  lungs,  753 
in  chronic  bronchitis,  128 
interstitial,  362 

cause  of,  362 

complications  of,  366 

entrance   of  air  into   blood-vessels 
in,  367 

pathogenesis  of,  362 

pneumothorax  in,  367 

prognosis  of,  368 

symptoms  of,  366 
intestinal  canal  in,  336 
larynx  in,  337 
liver  in,  336 
lobar,  360 
lobular,  361 
mediastinal,  366 
mensuration  of  thorax  in,  327 
metabolism  in,  338 
morbid  anatomy  of,  257 
nervoTis  diseases  in  cause  of,  272 
nutrition  in,  338 
obesity  in,  341 

occupation  in  cause  of,  267,  278 
of  costal  pleura,  366 
palpation  of  thorax  in,  326 
percussion  of  thorax  in,  326 
pleurisy  in  cause  of,  271 
pneiunatometry  in,  299 
pneumothorax  in,  339 
prognosis  of,  342 
psoriasis  in,  341 
pulmonary  hemorrhage  in,  331 

hernias  in,  318 

tuberculosis  in  cause  of,  291 
rachitis  in  cause  of,  272 
respiration  in  caiise  of,  284 
respiratory  curv-e  in,  300 

muscles  in,  311 
rheumatism  in,  341 
sex  in  cause  of,  267 
sexual  organs  in,  337 
shape  of  sternum  in,  321 
simple,  incision  for,  938 


Emphysema,  spirometry  in,  298 
spleen  in,  336 
stomach  in,  336 
sj'philis  in  cause  of,  271 
thorax  in,  movements  of,  303 

shape  of,  318 
thromboses  in,  341 
tissue  of  lung  in,  922 
traumatism  as  cause  of,  272 
treatment  of,  345 
tuberculosis  in,  340 
upper  air-passages  in,  337 
m-inarj'  organs  in,  337 
Emphysematous  habit,  324 
Empyema,   accidents  during  irrigation, 
959 
after-treatment,  bibliographj'  of,  971 
complicated  forms,  treatment,  947 
complications  in,  957 
convulsions  in,  959 
double,  treatment,  950 
Estlander's  operation  for,  962 

bibliography  of,  970 
fistula  after  operation,  960 
hemichoree  pleureticjue  in,  959 
in    tuberculous    subjects,    treatment, 

956 
intoxication  in,  958 
irrigation  in,  accidents  of,  959 
metapneumonic,  892 
necessitatis,  830,  877 

treatment  of,  947 
operation  for,  bibliography  of,  970 
permanent  cavity  after  operation,  961 
pleural  fistula  after,  958 
pneumothorax  for,   treatment,    1005, 

1006 
post-operative  course,  957 

bibliography  of,  971 
prognosis  of,  957 
pulsating,  896 

putrefaction  after  operation,  960 
Schede's  operation  for,  962 
scoliosis  after  recovery,  958 
simple,  Balz-Kashimura  operation  for, 
936 
Btilau's  operation,  935 
cutting  operation,  method  of,  935 

after-treatment  of,  935 
incision  for,  937 

after-treatment,  941 
drainage  in,  939 
dressing  in,  940 
dressing  wounds  in,  942 
iodoform  after,  940 
irrigation  in,  945 
position  of,  942 
resection  after,  943 
technic  of,  938 
temperature  after,  941 
irrigation  after,  evacuation,  944 
radical  operation  for,  937 
Senator's  operation,  936 
treatment  of,  933 

choice  of  methods,  933 
trephining  of  rib  in,  944 
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Empyema,  sudden  death  in,  880,  958 
thoracic  deformity  alter,  958 
traumatic,  treatment  of,  949 
with  abscess  of  lung,  treatment  of,  950 
Endocarditis  in  pneumonia,  490 
EosinophiUc  bronchitis,  104 
Epistaxis  in  pneumonia,  480 
Erysipelas  in  pneumonia,  498 
Estlander's  operation,  962 

bibliography  of,  970 
Exudate  of  plem-isy,  823 

dislocation  of  diaphragm  from,  838 
of  liver  from,  837 
mediastinum  from,  838 
mechanical  effects  of,  832 

FiBRixoiD  degeneration,  734 
Fibrinous  bronchitis,  150 
cause  of,  151 
complications  of,  162 
diagnosis  of,  163 
pathologic  anatomy  of,  155 
symptoms  of,  161 
treatment  of,  163 
Fibrosis  of  lung  as  a  cause  of  bronchiec- 
tasis, 192 
Fiedler's  double  trocar,  926 
Fluoroscope  in  pneumothorax,  992 
Foreign  bodies  in  bronchi,  37 

actinomycosis  from,  75 

attitude  of  patient  during,  72 

bronchiectasis  from,  74,  192 

catarrh  from,  73 

diagnosis  of,  76 

dyspnea  during,  71 

expectant  treatment  of,  79 

from  other  than  side  source,  82 

nausea  dmng,  72 

operative  treatment  of,  78,  775 

pain  and  paresthesia  during,  71 

pneumonia  from,  75 

position  treatment  of,  78 

rales  during,  71 

respiration  diuring,  70 

sepsis  from,  74 

sputum  during,  72 

svmptoms  of,  70 

table  of,  39-69 

treatment  of,  77 

ultimate  consequences  of,  73 

unconsciousness  dinging,  72 
Fimgi,  mold,  in  bronchi,  87 
Fiirbringer's  aspirating  apparatus,  926 

■  Gangrene  of  bronchi,  164 
of  lungs,  757 

and    putrid    bronchitis,    diagnosis, 

differential,  763 
bacteria  as  a  cause  of,  761 
circumscribed,  757,  760 
compUcations  in,  766 
diagnosis  of,  763 
diffuse,  760 

symptoms  of,  766 
etiology  of,  761 
hemoptysis  in,  765 


Gangrene  of  lungs  in  pneumonia,  448 
metastatic,  759 
non-circumscribed,  757 
origin  of,  758 
pathogenesis  of,  757 
pathologic  anatomy  of,  757 
sputum  in,  764 
surgical  treatment  of,  779 
symptoms  of,  763 
traumatism  as  a  cause  of,  760 
treatment  of,  767 
spontaneous,     following     pneumonia, 

498 
symmetric,  following  pneumonia,  497 
Garlic  in  bronchiectasis,  205 
Gases,  inhalation  of,  as  a  cause  of  bron- 
chitis, 97 
Gastric  disturbances  in  emphysema,  340 
Genital  organs  in  emphysema,  337 
Gout  in  asthma,  241 

in  emphj'sema,  341 
Gymnastics,   respiratory,   in   broncliitis, 
146 

Hallucinations  in  pneumonia,  478 
Hay-asthma,  96,  228 
Headache  in  pleurisy,  845 
Heart,  atonic,  tissue  of,  922 

bronchus,  anatomy  and  physiology  of, 

19 
changes  in,  in  pneumonia,  470 
in  emphj'sema,  332 
Hemichoree  pleuretique,  959 
Hemiplegias  in  pneumonia,  478 
Hemopneumothorax,  definition  of,  972 
Hemoptysis  in  gangrene  of  lungs,  765 

in  infarct  of  lungs,  745 
Hemorrhage,    cerebral,   in   emphysema, 
340 
pulmonary,  in  emphysema,  331 
Hemorrhagic  plem-isy,  prognosis  of,  902 
Hemothorax  with  pneumothorax,  treat- 
ment of,  1004 
Heredity  in  cause  of  emphysema,  264 
Hernia,    diapliragmatic,    and    pneumo- 
thorax, differentiation,  1000 
Hernias,  pulmonary,  in  emphysema,  318 
Heroin  in  asthma,  250 
Herpes  in  pneumonia,  485 
Hj'ahne  degeneration,  734 
Hydriatric  method  in  bronchitis,  143 
Hj'postatic  pneumonia,  601 
causes  of,  604 
pathogenesis  of,  604 
pathologic  anatomy  of,  601 
prophylaxis  of,  607 
symptomatology'  of,  606 
treatment  of,  607 
Hysteric  cough  and  bronchitis,  diagnosis, 
differential,  131 

Inebriates,  bronchitis  of,  treatment  of, 

147 
Infarct  of  lungs,  725 

bibliography  of,  780 

causes  of,  740 
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Infarct  of  lungs,  diagnosis  of,  742 

embolism  as  cause  of,  736 

hemoptysis  in,  745 

mode  of  production  of,  738 

pathogenesis  of,  725 

pathologic  anatomy  of,  725 

pleurisy  in,  746 

prognosis  of,  747 

prophylaxis  of,  747 

seat  of,  739 

symptoms  of,  742 

termination  of,  739 

thrombosis  as  cause  of,  731 

treatment  of,  747 

without  preceding  embolism,  730 
Infectious  diseases,  bronchitis  in,  99 
Inflammations  of  the  lungs,  381 
Inflammatory  bronchiectasis,  180 

atelectatic  areas  in,  184 

lungs  in,  changes  in,  184 

pathologic  anatomy  of,  180 
Inhalations  in  asthma,  248 
in  bronchitis,  145 
of  creosote  vapor   in  bronchiectasis, 

204 
of  dust  as  a  cause  of  bronchitis,  95 
of  gases  as  a  cause  of  bronchitis,  79 
of  oxygen  in  bronchiectasis,  205 
Injuries  of  bronchi,  35 
Insonmia  in  pneumonia,  474 
Interlobar  pleurisy,  894 
Intermittent  fever,  pneumonia  in,  500 
Interstitial  emphysema,  362 

cause  of,  362 

complications  of,  366 

entrance  of  air  into  blood-vessels  in, 
367 

pathogenesis  of,  362 

pneumothorax  in,  367 

prognosis  of,  368 

symptoms  of,  366 
Intestinal  canal  in  emphysema,  336 
Intoxications  giving  rise  to  bronchitis,  99 

Jaundice  and  pneumonia,  relation  be- 
tween, 495 

Kahler's  aspirating  apparatus,  926 
Kidneys  in  pneumonia,  495 
Kyphosis,  bronchitis  in,  100 

Larynx  in  emphysema,  337 

Leprosy  of  bronchi,  173 

Lewaschew's  procedure  to  avoid  rapid 

evacuation,  929 
Leyden  crystals  in  asthma,  237 
Litten's  sign  in  movements  of  diaphragm 

in  emphysema,  311 
Liver,  cirrhosis  of,  pneumonia  in,  498 

in  emphysema,  336 
Lobar  emphysema,  360 
Lobular  emphysema,  361 
Lungs,  abscess  of,  750 

bacteriology  of,  752 

bibliography  of,  780 

causes  of,  751 


Lungs,  abscess  of,  complications  in,  753 

diagnosis  of,  754 
differential,  574 

emphysema  in,  753 

fever  in,  753 

in  pneumonia,  486 

operation  in,  755,  772 
prognosis  of,  756 

pathogenesis  of,  750 

pathologic  anatomy  of,  750 

plemrisy  in,  753 

pneumothorax  and,  977,  980 

prognosis  of,  754 

surgical  treatment  of,  778 

symptoms  of,  753 

treatment  of,  754 

with  emphysema,  treatment  of,  950 
asymmetry  of,  19 

atrophy  of,  in  congenital  bronchiec- 
tasis, 209 
carcinoma  of,  708 

bibliography  of,  780 

causes  of,  713 

diagnosis  of,  720 
differential,  724 

pathologic  anatomy  of,  708 

treatment  of,  725 

symptoms  of,  713 
changes  in,  in  inflammatory  bronchiec- 
tasis, 185 
chronic  abscess  of,  751 
diseases  of,  bronchitis  in,  100 
echinococcus  of,  operation  in,  775 
embolism  of,  725 

causes  of,  740 

diagnosis  of,  742 

pathogenesis  of,  725 

pathologic  anatomy  of,  725 

prognosis  of,  747 

prophylaxis  of,  747 

symptoms  of,  742 

treatment,  747 
enlargement  of,  in  emphysema,  317 
entrance  of  dust  into,  666 
fibrosis  of,  as  a  cause  of  bronchiec- 
tasis, 192 
foreign  bodies  in,  operation  in,  775 
gangrene  of,  757 

and    putrid    bronchitis,    diagnosis, 
differential,  763 

bacteria  as  cause  of,  761 

bibliography  of,  780 

circumscribed,  757,  760 

complications  in,  766 

diagnosis  of,  763 

diffuse,  760 

etiology  of,  761 

hemoptysis  in,  765 

metastatic,,  759 

non-circumscribed,  757 

origin  of,  758 

pathogenesis  of,  757 

pathologic  anatomy  of,  757 

pneumothorax  and,  977 

sputum  in,  diagnosis  of,  764 

surgical  treatment  of,  779 
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Lungs,  gangrene  of,  symptoms  of,  763 

traumatism  as  a  cause  of,  760 

treatment  of,  767 
infarct  of,  725 

causes  of,  740 

diagnosis  of,  742 

embolism  as  cause  of,  736 

hemoptysis  in,  745 

mode  of  production  of,  738 

pathogenesis  of,  725 

pathologic  anatomy  of,  725 

pleurisy  in,  747 

prognosis  of,  747 

prophylaxis  of,  747 

seat  of,  739 

symptoms  of,  742 
termination  of,  739 

thrombosis  as  cause  of,  731 

treatment  of,  747 

without  preceding  embolism,  731 
inflammations  of,  381 
lymphatics  of,  anatomy  and  physiol- 
ogy of,  30 
mold  fungi  in,  87 
multiple  abscesses  of,  751 
nerves  of,  anatomy  and  physiology  of, 

29 
operations  on,  771 
perforating  abscess  of,  751 
re-expansion  of,  after  operation,  953 
thrombosis  of,  725 

causes  of,  740 

pathogenesis  of,  725 

pathologic  anatomy  of,  725 

prophylaxis  of,  747 

treatment  of,  757 
tonus  of,  924 
tuberculosis   of,    pneumothorax   and, 

977 
tumors  of,  operation  in,  774 

Malformations  of  bronchi,  35 
Mediastinal  emphysema,  366 
Mediastinum,  diseases  of,  bronchitis  in, 

100 
Meningitis  in  pneumonia,  491 
MetaboUsm  in  emphysema,  338 
Metapneumonic  empyema,  892 
Metastatic  gangrene  of  lungs,  759 
Migraine  in  asthma,  242 
Mineral  springs  in  bronchitis,  136 
Mitral  bronchitis,  90 
Moisture  as  affecting  bronchitis,  133 
Mold  fungi  in  bronchi,  87 
Morphin  in  asthma,  249 

in  bronchitis,  141 
Mosler-Peiper's     aspirating     apparatus, 

925 
Multilocular  plexirisy,  825 
Myocarditis,  bronchitis  in,  101 

Nas.vl  asthma,  229 

Nephritis,  bronchitis  due  to,  103 

in  pneumonia,  494 

pneumonia  in,  498 


Nerves  of  lungs,  anatomy  and  physiology 

of,  29 
Nervous  diseases,  bronchitis  due  to,  98 
in  cause  of  emphysema,  272 
system,  changes  in,  in  pneumonia,  474 
in  emphysema,  337 
New-born,  atelectasis  in,  373 
complications  of,  375 
diagnosis  of,  375 
treatment  of,  375 
pleurisy  in,  893 
Night-cough  of  children,  and  bronchitis, 

diagnosis,  differential,  132 
Non-circumscribed   gangrene    of   lungs, 

757 
Non-specific  bronchitis,  91 
Nux  vomica  in  asthma,  247 

Obesity  in  emphysema,  341 

Obhterating  bronchitis,  107 

Occult  plem-isy,  802 

Occupation  in  cause  of  emphysema,  267, 

278 
Oxygen,  inhalation  of,  in  broncliiectasis, 

205 

Perforating  abscess  of  lungs,  751 
Perforation  of  bronchi,  217 
causes  of,  217 
diagnosis  of,  218 
Pericardial  pleuris}',  803 
Pericarditis  in  pneumonia,  489 
Peripleuritis,  898 
prognosis  of,  901 
treatment  of,  901 
Peripneumonia,  800 
Pertussis,  pneumonia  in,  980 
Pilocarpin  in  bronchitis,  140 

in  pneumonia,  526 
Pleura,  absorptive  power  of,  825 

changes  in,  in  inflammatory  bronchiec- 
tasis, 134 
costal,  emphysema  of,  366 
cysts  of,  diagnosis  of,  889 
diseases  of,  795 

bibhography  of,  962,  971 
broncliitis  in,  100 

clinical,    symptomatology,    bibliog- 
raphy of,  966 
complications,  bibliographj'  of,  966 
course    and    termination,    bibliog- 
raphy of,  967 
diagnosis,  bibhography  of,  968 
etiology,  bacterial,  bibliography  of, 
964 
bibliography  of,  963 
exploratory  puncture,  bibliography 

of,  968 
liistorical  and  general,  bibliography 

of,  962 
pathogenesis,  bibliography  of,  963 
entrance  of  air  into,  effect  of,  988 
manometric  and  experimental  studies, 

bibliography  of,  965 
relation  of  to  main  bronchus,  31 
tumors  of,  812 
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Pleura,  tumors  of,  bibliography  of,  964 

diagnosis  of,  889 
Pleurisy,  795 

acute    and    chronic,    distinction    be- 
tween, 806 

albuminuria  in,  847 

alterations  in  position  of  pleural  exu- 
dates in,  862 

antipyretic  remedies  in  convalescence, 
908 
in  delayed  resorption,  908 

aspirating  apparatus  in,  925 

attitude  of  patient  in,  850 

atropin  in  convalescence,  909 
in  delayed  resorption,  909 

auscultation  in,  863 
of  heart  in,  868 

Bacelli's  sign  in,  868 

bacteriology  of,  814 

bathing  in  convalescence,  909 
in  delayed  resorption,  909 

blood  in,  846 

blood-letting  in,  911 

blood-pressure  in,  839 

bowels  in,  treatment  of,  910 

bronchophony  in,  868 

chronic  and  acute,  distinction  between, 
806 

circumscribed  and  diffuse,  distinction 
between,  807 

caffein  in,  907 

complications  in,  882 

constipation  in,  846 

convalescence  in,  treatment  of,  908 

cool  sponging  in  convalescence,  909 
in  delayed  resorption,  909 

cough  in,  843 

crepitation  at  base  of  lung  in.  863 

delayed  resorption  in,  treatment  of, 
908 

diagnosis  of,  883 
differential,  884 

diaphoretic  methods  in  convalescence, 
909 
in  delayed  resorption,  909 

diaphragmatic,  803 

diffuse  and  circumscribed,  distinction 
between,  807 

digestive  apparatus  in,  845 

digitalis  in,  907,  908 

displacement  of  heart  in,  860 
of  liver  in,  860 

double,  803 

prognosis  of,  902 

dry,  and  pleurisy  with  effusion,   dis- 
tinction between,  807 

due  to  Diplococcus  lanceolatus,  820 

due  to  streptococcus,  821 

due  to  tubercle  bacillus,  819 

dim-etics  in,  907 

edema  of  skin  in,  852 

egophony  in,  868 

ergot  in  convalescence,  909 
delayed  resorption,  909 

etiology  of,  bacterial,  814 
general,  801 


Pleurisy,  etiology  of,  special,  808 
evacuation  by  puncture,  911 

complete,  918 
exploratory  puncture  in,  869,  883 

infection  during,  818 
exudate  of,  823 

dislocation  of  diaphragm  from,  838 
of  liver  from,  837 
of  mediastinum  from,  838 

effect  on  tonus,  917 

mechanical  effects  of,  832 
fever  of,  841 

general  symptomatology,  841 
headache  in,  845 
hemorrhagic,  prognosis  of,  902 
history  of,  800 
hygiene  in,  910 
ice-bags  in  convalescence,  909 

in  delayed  resorption,  909 
in  abscess  of  lungs,  753 
in  cause  of  emphysema,  271 
in  children,  892 
in  croupous  pneumonia,  407 
in  infarct  of  lungs,  746 
in  new-born,  893 
in  pneumonia,  488 

incision  in  failure  of  exudate  absorp- 
tion, 933 
inspection  in,  850 
interlobar,  894 
iodids  in,  906 
iodoform  in,  907 

local  antiphlogistic  remedies  in,  911 
medical  treatment  of,  906 
modes  of  onset,  841 
multilocular,  825 
narcotics  for  pain  in,  911 
pain  of,  844 

narcotics  for,  911 
palpation  in,  853 
palpatory  puncture  in,  871,  883 
pathogenesis  of,  801 
percussion  in,  856 

method  of  performing,  857 
pericardial,  803 

pleuro-pericardial  phenomena  in,  864 
post-pneumonic  exudative,  806 
pressure  of  exudate,  917 
primary    and    secondary,    distinction 

between,  803 
prognosis  of,  901 

pulsating,  after  pneumothorax,  991 
pulse  in,  848 

puncture  in,  accidents  during  evacua- 
tion, 929 

after-treatment  of,  929 

albuminous  expectoration  after,  930 

antispasmodics  in,  928 

aspirating  apparatus,  925 

cannula  in,  925 

cerebral  anemia  in,  prevention,  926 

congestion  after,  929 

cough  after,  929 

diagnostic  value  of,  932 

edema  after,  929,  930 

effect  of,  918 
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Pleurisy,  puncture  in,  I'lasticity  in,  91/i 

hyperemia  alter,  9;?0 

inserting  cannula,  927 

Lewascliew's  procedure,  929 

mechanism  of,  915 

method  of,  92G 

pleuritic  urticaria  after,  933 

point  of  insertion,  927 

precautions,  927 

prognostic  value  of,  932 

repetition  of,  932 

sputum  after,  932 

tonus  and,  915 

tonus  in,  922 
purgation  in,  910 

purulent  exudates,  evacuation  of,  914 
putrefaction  in,  infection  during,  818 
putrid,  pneumothorax  after,  977 
quinin  in  convalescence,  908 

delayed  resorption,  908 
radioscopy  in,  874 
reaccumulation  of  exudate,  treatment 

of,  933 
respiration  in,  849 
respiratory  murmur  in,  865 
sacculated,  825 
salicylates  in,  906 
Schroth  treatment,  910 
secondary  and  primary,  distinction  be- 
tween, 803 

clinical  course  of,  876 

prognosis  of,  901 
sequels  of,  881 
serofibrinous,  etiology  of,  819 
singultus  in,  846 
special  forms  of,  892 

symptomatolog}',  850    - 
sputum  in,  843 
strapping  chest  in,  911 
sweating  in,  847 

treatment  of,  909 
symptomatology,  general,  841 

special,  850 
tapping  without  aspiration  in,  925 

with  siphonage  in,  925 
terminal,  806 
thirst  treatment  of,  910 
tincture  of  iodin  in,  906 
tissue  changes  in,  823 
treatment  of,  905 

by  puncture,  911.     See  also  Pleu- 
risy, puncture  in. 

general,  910 

in  convalescence,  908 

in  delaj'ed  resorption,  908 

medicinal,  906 

thirst,  910 
uncomplicated,  clinical  course  of,  875 
urine  in,  846 

with  effusion,  and  dry  pleurisy,   dis- 
tinction between,  807 
Pleuritis  acutissima,  830 

clinical  course  of,  875 

puncture  for,  914 
Biilau's  oceduprre  in,  bibliography  of, 

969 
65 


Pleuritis,   puncture   in,  bibliography  of, 

9()9 
special  forms  of,  bibliography  of,  968 
treatment  of,  bibliography  of,  968 
Plexi meter  percussion,  995 
Pneiunatometry  in  emphysema,  299 
Pneumohemothorax,  definition  of,  972 
Pneumohydrothorax,  definition  of,  972 
Pneumonia,  abscesses  of  lung  in,  486 
age  as  influencing  mortality  of,  507 
alcohol  in,  529 

analysis  of  special  symptoms  of,  441 
and  jaundice,  relation  between,  495 
angina  in,  498 
arthritis  in,  497 

as  a  cause  of  bronchiectasis,  194 
aspiration,  608 

and  catarrhal  pneumonia,  diagnosis, 
differential,  626 

bibliography  of,  780 

causes  of,  617 

course  of,  628 

diagnosis  of,  626 

pathogenesis  of,  617 

pathologic  anatomy  of,  610 

prognosis  of,  628 

prophylaxis  of,  630 

symptomatology  of,  622 

treatment  of,  630 
asthenic,  581 

attitude  of  patient  in,  485 
atypical,  383,  579 

bibliography  of,  592 

causes  of,  586 

diagnosis  of,  590 

patliologic  anatomy  of,  585 

prognosis  of,  590 

prophylaxis  of,  591 

symptoms  of,  588 

treatment  of,  591 
auscultation  in  diagnosis  of,  458 
auxiliary  causes  of,  418 
blood  in,  changes  in,  473 
bronchial  breatliing  in,  462 

casts  in,  405 
bronchophony  in,  463 
cardiac  insufficiency  in,  513 
cardiac-lesion    cells    as    a    symptom, 

705 
catarrhal,  382,  548 

and  aspiration  pneumonia,  diagno' 
sis,  differential,  626 

bibliography  of,  592 

causes  of,  565 
predisposing,  556 

complications  of,  570 

course  of,  570 

diagnosis  of,  575 
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collapse  in,  471 

complicating  other  diseases,  498 
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apex-beat  in,  position,  991 

auscultation  in,  994 

bandaging  of  site,  1004 
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course  of,  1001 

definition  of,  972 

diagnosis  of,  998 
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due  to  traumatism,  980 
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duration,  1001 
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esophageal  tube  in  feeding  in,  1010 

ether  in,  1004 

etiology  of,  973 
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from  foreign  body,  treatment  of,  1005 

from  gangrenous  focus,  treatment  of, 
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treatment  of,  1004 
treatment  of,  1003 
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tuberculosis  in  diagnosis  of,  999 
tympany  in,  993 
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operative  treatment  of,  1006 
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with  pericarditis,  980 
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with  ulceration  in  intestinal  tract,  980 
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Pulmonary   arteries   and  bronchi,   rela- 
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Pxincture    in    pleurisy.      See    Pleurisy, 

puncture  m. 
Purulent  bronchitis,  127 
Putrid  bronchitis,  164 

and   gangrene   of  lungs,   diagnosis, 
differential,  763 

cause  of,  164 

cough  in,  168 

course  of,  168 

diagnosis  of,  168 

fever  in,  168 

pathologic  anatomy  of,  166 

sputum  in,  166 

symptoms  of,  166 

treatment  of,  169 

turpentine  in,  169 
Pyopneumothorax,  definition  of,  972 
subphrenic,  997 

diagnosis  of,  997 

QuiNiN  in  pneumonia,  532,  540 

Rachitis  in  cause  of  emphysema,  272 
Radioscopy  in  pleurisy,  875 
Recurring  pneumonia,  503 
Re-expansion   of   lung   after   operation, 

953 
Respiration     during    foreign    body    in 
bronchi,  70 

in  cause  of  emphysema,  284 

in  pleurisy,  849 

normal,  mechanism  of,  917 

under  presence  of  exudate,  917 
Respiratory  curve  in  emphysema,  300 

gymnastics  in  bronchitis,  146 

muscles  in  emphysema,  311 
Rheumatism  in  emphysema,  341 

Sacculated  pleurisy,  825 

Saponin  preparations  in  bronchitis,  139 

Schede's  operation  for  empyema,  962 

Schroth  treatment  in  pleurisy,  910 

Scoliosis,  bronchitis  in,  100 

Sedatives  in  bronchitis,  140 

Senator's  operation  for  simple  empyema, 

936 
Sepsis  from  foreign  body  in  bronchi,  74 
Seropneumothorax,  treatment  of,  1005 
Serum  treatment  of  pneumonia,  534,  545 
Sex  as   influencing  frequency  of   pneu- 
monia, 508 
mortality  of  pneumonia,  508 

in  cause  of  emphysema,  267 
Sexual  organs  in  emphysema,  337 
Singultus  in  pleurisy,  846 
Skin,  diseases  of,  bronchitis  in,  103 
Skin  eruption  in  asthma,  241 
Smoking  in  asthma,  249 
Somnolence  in  pneumonia,  475 
Spinal  cord,  diseases  of,  in  pneumonia, 

494 
Spine,  curvature  of,  in  emphysema,  321 
Spirometry  in  emphysema,  298 
Spleen  in  emphysema,  336 

in  pneumonia,  484 


Splenization,  602 

Springs  in  bronchiectasis,  136,  206 

Stenosis  of  bronchi,  212 

as  a  cause  of  bronchiectasis,  187 
causes  of,  212 
course  of,  215 
symptoms  of,  215 
Sternum,  diseases  of,  bronchitis  in,  100 

in  emphysema,  shape  of,  321 
Stomach  in  emphysema,  336 
Stone-asthma,  84 
diagnosis  of,  86 
symptoms  of,  86 
treatment  of,  87 
Stones  in  bronchi,  from  other  than  out- 
side source,  82 
Stramonium  in  asthma,  249 
Streptococcus,  pleurisy  due  to,  821 
Strychnin  in  bronchitis,  142 
Succussio  Hippocratis,  973 
in  pneumothorax,  995 
Succussion  splash,  973 
Syphilis  of  lungs,  652 

as  a  cause  of  bronchiectasis,  194 

of  emphysema,  270 
of  bronchi,  173 
course  of,  175 
diagnosis  of,  175 
symptoms  of,  175 
treatment  of,  175 
secondary,  of  bronchi,  173 
tertiary,  of  bronchi,  174 
Syphilitic  phthisis,  650 

pneumonia,  diagnosis  of,  653 
pathogenesis  of,  643 
pathologic  anatomy  of,  643 
symptomatology  of,  653 
treatment  of,  658 

Tartar  emetic  in  pneumonia,  526 
Terminal  pleurisy,  806 
Thoracic  cavity,  enlargement  of,  causes 
of,  923 
increased  pressure  in,  986 
walls,  tonus  of,  917 

relations  of  trachea  and  bronchi  to, 
20 
Thoracotome,  939 

Thorax  in  emphysema,  movements  of, 
303 
shape  of,  318 
mensuration  of,  in  emphysema,  327 
palpation  of,  in  emphysema,  326 
percussion  of,  in  emphysema,  326 
Thrombosis,  bibliography  of,  780 
in  emphysema,  341 
local,  as  cause  of  infarct  of  lungs,  731 
of  lungs,  725 
causes  of,  740 
pathogenesis  of,  725 
pathologic  anatomy  of,  725 
prophylaxis  of,  747 
treatment  of,  747 
Thrush  in  bronchi,  87 
Tissue  changes  in  pleurisy,  822 
Tonic  relaxation,  917 
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Tonus,  definition,  916 

Trachea   and    bronchi,   relations   of,   to 

thoracic  walls,  20 
Tracheitis,      chronic,      and      bronchitis, 

chronic,  diagnosis,  differential,  127 
Travunatic  pneumonia,  427 
Traumatism  as  a  cause  of  emphysema, 
272 
of  gangrene  of  lungs,  760 
Tubercle  bacillus,  pleurisy  due  to,  819 
Tubercular    affections    and    bronchitis, 

diagnosis,  differential,  131 
Tuberculosis  and  pneumothorax,   prog- 
nosis of,  1002 
and  syphilis  of  lungs,  652 
as  a  cause  of  bronchiectasis,  193 

of  emphysema,  291 
in  asthma,  241 

in  diagnosis  of  pneumothorax,  999 
in  emphysema,  340 
of  bronchi,  170 

pneumothorax  and,  977,  979,  980 
pulmonary,  in  cause  of  emphysema, 
291 
Tuberculous  bronchitis,  170 
Tumors  of  bronchi,  176 
symptoms  of,  178 
of  lungs,  operation  in,  774 
of  pleura,  812 


Tumors  of  pleura,  diagnosis  of,  889 
Turpentine  in  putrid  bronciiitis,  169 
Typhoid  fever,  pneumonia  in,  498 
pneumonia,  580 

Uric  acid  salts  in  bronchi,  87 
Urinary  organs  in  emphysema,  337 
Urine  in  pleurisy,  846 

in  pneumonia,  480 
Urticaria  in  asthma,  241 

pleuritic,  after  puncture,  933 

Vapor  baths  in  bronchitis,  144 

creosote,  inhalation  of,  in  bronchiec- 
tasis, 204 
Venesection  in  bronchitis,  143 

in  pneumonia,  525 
Veratrin  in  pneumonia,  526 
Vicarious  bronchiectasis,  207 
Volume  of  bronchi,  32 
Volumen  pulmonum  auctum  inspirato- 
rium,  923 
permanens,  923 

Wandering  pneumonia,  503,  581 
Water  treatment  of  bronchitis,  143 
Whooping-cough,  pneumothorax  in,  980 
Worms,  bronchitis  due  to,  102 
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edition  the  book  has  been  thoroughly  revised  in  every  part,  both  by  additions  to 
the  subject  matter  and  by  rearrangement  wherever  necessar}',  to  make  it  more 
acceptable  to  the  practitioner  and  the  student.  Several  sections  have  been 
entirely  rewritten,  and  there  have  been  added  a  number  of  jiew  illustrations,  an 
increased  amount  of  tabular  matter,  and  a  series  of  diagrams  that  have  proved 
of  assistance  in  the  solution  of  diagnostic  problems. 


OPINIONS  OF  THE    MEDICAL   PRESS 


American  Journal  of  the  Medical  Sciences 

"  This  edition  has  been  revised,  new  illustrations  added,  and  some  new  matter,  and  really 
is  two  books.  .  .  .  The  descriptions  of  disease  are  clear,  directions  as  to  treatment  definite, 
and  disputed  matters  and  theories  are  omitted.     Altogether  it  is  a  most  useful  text-book." 

Journal  of  Nervous  and  Mental  Diseases 

"  The  best  text-book  exposition  of  this  subject  of  our  day  for  the  busy  practitioner.  .  .  . 
The  chapter  on  idiocy  and  imbecility  is  undoubtedly  the  best  that  has  been  given  us  in  any 
work  of  recent  date  upon  mental  diseases.  The  photographic  illustrations  of  this  part  of  Dr. 
Peterson's  work  leave  nothing  to  be  desired." 

New  York  Mediced  Journal 

•  To  be  clear,  brief,  and  thorough,  and  at  the  same  time  authoritative,  are  merits  that 
ensure  popularity.  The  m.edical  student  and  practitioner  will  find  in  this  volume  a  ready  and 
reliable  resource." 


SAUNDERS'    BOOKS   ON 


Brower  and  Bannister 
on  Insanity 


A  Practical  Manual  of  Insanity.  For  the  Student  and  General 
Practitioner.  By  Daniel  R.  Brower,  A.  M.,  M.D.,  LL.  D.,  Professor 
of  Nervous  and  Mental  Diseases  in  Rush  Medical  College,  in  affiliation 
with  the  University  of  Chicago  ;  and  Henry  M.  Bannister,  A.  M., 
M.  D.,  formerly  Senior  Assistant  Physician,  Illinois  Eastern  Hospital 
for  the  Insane.  Handsome  octavo  of  426  pages,  with  a  number  of 
full-page  inserts.     Cloth,  ^3.00  net. 

FOR   STUDENT   AND   PRACTITIONER 

No  graduate  in  medicine  is  thoroughly  equipped  to  practise  his  profession 
unless  he  be  acquainted  with  at  least  the  rudiments  of  the  science  of  psychiatr}'. 
Broad  though  its  domain  and  difficult  of  mastery,  yet  everj'  one  may  readily 
acquire  knowledge  of  those  principles  upon  which  depends  a  successful  treatment 
of  those  cases  of  mental  disorder  that  form  a  part  of  every  physician's  practice. 
This  work,  intended  for  the  student  and  general  practitioner,  is  an  intelligible, 
up-to-date  exposition  of  the  leading  facts  of  psychiatry,  and  will  be  found  of  inval- 
uable service,  especially  to  the  busy  practitionor,  unable  to  yield  the  time  for  a 
more  exhaustive  study.  The  work  has  been  rendered  more  practical  by  omitting 
elaborate  case  records  and  pathologic  details,  as  well  as  discussions  of  speculative 
and  controversial  questions.  Certain  special  features  of  the  work  are  the  mention 
of  the  forms  of  insanity  not  usually  met  with  in  hospitals,  and  the  including  of  a 
comparative  table  of  classification  and  a  chapter  on  some  of  the  ethical  questions 
relating  to  insanity  as  they  may  arise  in  the  practice  of  medicine. 


OPINIONS  OF  THE   MEDICAL  PRESS 


Journal  of  the  American  Medical  Association 

"  It  is  a  practical  presentation  of  the  subject  for  practical  use.  ...  It  is  sufficiently  full  and 
complete  to  meet  every  need.  .  .  .  We  predict  that  it  will  prove  one  of  the  most  popular 
works  on  the  subject  that  has  been  placed  before  the  profession  for  years." 

American  Medicine 

"  Commends  itself  for  lucid  expression  in  clear-cut  English,  so  essential  to  the  student  in 
any  department  of  medicine.  .  .  .  Treatment  is  one  of  the  best  features  of  the  book,  and  for 
this  aspect  is  especially  commended  to  general  practitioners." 

Medical  News,  New  York 

"  Deserves  very  well  the  name  of  Practical  Manual.  .  .  .  The  book  has  the  air  of  being 
written  by  men  accustomed  to  teach.  There  is  very  little  that  is  dryly  technical,  and  much 
that  is  interestingly  practical." 


// y 'GiENK  AXD  s.wri.irnKW 


BergeyV 
Principles  of  Hygiene 


The  Principles  of  Hygiene :  A  Practical  Manual  for  Students, 
Physicians,  and  Health  Officers.  By  D.  A.  Bekgey,  A.  M.,  M.  D.,  First 
Assistant,  Laboratory  of  Hygiene,  University  of  Pennsylvania.  Octavo 
volume  of  495  pages,  illustrated.      Cloth,  ^3.00  net. 

FOR  STUDENTS,  PHYSICIANS.  AND    HEALTH   OFFICERS 

This  book  is  intended  to  meet  the  needs  of  students  of  medicine  in  the 
acquirement  of  a  knowledge  of  those  principles  upon  which  modern  hygienic 
practices  are  based,  and  to  aid  physicians  and  health  officers  in  familiarizing 
themselves  with  the  advances  made  in  hygiene  and  sanitation  in  recent  years. 
The  book  is  based  on  the  most  recent  discoveries,  and  represents  the  practical 
advances  made  in  the  science  of  hygiene  up  to  date.  Among  the  important  sub- 
jects considered  are  Ventilation,  Heating,  Water  and  Water  Supplies,  Disposal  of 
Sewage  and  Garbage,  Food  and  Diet,  Exercise,  Clothing,  Personal  Hygiene,  Indus- 
trial Hygiene,  School  Hygiene,  Militarj^  and  Naval  Hygiene,  Habitations,  Vital 
Statistics,  Disinfection,  Quarantine,  etc.  The  idea  of  the  book  is  to  give  the 
reader  a  clear  idea  of  the  general  principles  of  this  broad  subject.  The  rapid 
strides  made  in  our  knowledge  of  the  entire  subject  has  rendered  such  a  book, 
reflecting  the  more  recent  discoveries,  a  necessity  to  physicians  and  students  of 
medicine. 


OPINIONS   OF  THE   MEDICAL   PRESS 


The  Lancet.  London 

"  Will  be  found  suitable  for  the  needs  of  medical  officers  of  health,  and  those  interested  in 
public  health,  engineering,  and  architecture." 

American  Medicine 

"  The  readers  of  Dr.  Bergey's  treatise  cannot  fail  to  be  impressed  with  its  strictly  up-to- 
date  character,  and  with  the  fresh  and  unhackneyed  manner  in  which  the  subject  is  handled." 

Btiffalo  Medical  Journal 

"  It  will  be  found  of  value  to  the  practitioner  of  medicine  and  the  practical  sanitarian  ;  and 
students  of  architecture,  who  need  to  consider  problems  of  heating,  lighting, ventilation,  water 
supply,  and  sewage  disposal,  may  consult  it  with  profit." 


SAUNDERS'    BOOKS   ON 


GET  ^  •  THE  NEW 

THE  BEST  /\  m  6  n  C  Sin  standard 

Illustrated   Dictionary 

Second  Edition,  Revised 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  branches  ;  with  over  lOO  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
Borland,  M.  D.,  Editor  of  "  The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  nearly  800  pages,  bound  in  full  flexible  leather. 
Price,  ;$4.50  net;  with  thumb  index,  ^5.00  net. 

Gives  a  Meodtnum  Amount  of  Matter  in  a  Minimum  Space,  and  at  the  Lowest 

Possible  Cost 

TWO   LARGE   EDITIONS    IN    LESS   THAN    EIGHT   MONTHS 

The  immediate  success  of  this  work  is  due  to  the  special  features  that  distin- 
guish it  from  other  books  of  its  kind.  It  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged,, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  i  y^ 
inches  thick.  The  result  is  a  truly  luxurious  specimen  of  book-making.  In  this 
new  edition  the  book  has  been  thoroughly  revised,  and  upward  of  one  hundred 
important  new  terms  that  have  appeared  in  recent  medical  literature  have  been 
added,  thus  bringing  the  book  absolutely  up  to  date.  The  book  contains  hun- 
dreds of  terms  not  to  be  found  in  any  other  dictionary,  over  100  original  tables, 
and  many  handsome  illustrations,  including  24  colored  plates. 


PERSONAL    OPINIONS 


Howard  A.  Kelly,  M.  D., 

Professor  of  Gynecology,  Johns  Hopkins  University ,  Baltimore. 

"  Dr.  Borland's  dictionary  is  admirable.  It  is  so  well  gotten  up  and  of  such  convenient 
size.     No  errors  have  been  found  in  my  use  of  it." 

Roswell  Park,  M.  D., 

Professor  of  Principles  ajid  Practice  of  Surgery  and  of  Clinical  Surgery,  University  of 
Buffalo. 

"  I  must  acknowledge  my  astonishment  at  seeing  how  much  he  has  condensed  within  rela- 
tively small  space.  I  find  nothing  to  criticize,  very  much  to  commend,  and  was  interested  in 
finding  some  of  the  new  words  which  are  not  in  other  recent  dictionaries." 


PERSOXAL    //  Yd  EXE. 


Galbraith*s 
Four  Epochs  of  Woman's  Life 


The  Four  Epochs  of  Woman's  Life :  A  Study  in  Hygiene.  By 
Anna  M.  Galbraith,  M.  D.,  author  of  "  Hygiene  and  Physical  Culture 
for  Women "  ;  Fellow  of  the  New  York  Academy  of  Medicine,  etc. 
With  an  Introductor\-  Note  by  John  H.  Musser,  M.  D.,  Professor  of 
Clinical  Medicine,  University  of  Pennsylvania.  i2mo  volume  of  200 
pages.     Cloth,  Si. 2 5  net. 

MAIDENHOOD.  MARRIAGE.  MATERNITY.  MENOPAUSE 

In  this  instructive  work  are  stated,  in  a  modest,  pleasing,  and  conclusive 
manner,  those  truths  of  which  every  woman  should  have  a  thorough  knowledge. 
Written,  as  it  is,  for  the  laity,  the  subject  is  discussed  in  language  readily  grasped 
even  by  those  most  unfamiliar  with  medical  subjects. 

Birmingham  MediceJ  Review,  England 

"  We  do  not  as  a  rule  care  for  medical  books  written  for  the  instruction  of  the  public.    But 
we  must  admit  that  the  ad\'ice  in  Dr.  Galbraith 's  work  is  in  the  main  wise  and  wholesome." 

Pyle*s  Personal  Hygiene 


A  Manual  of  Personal  Hygiene  :  Proper  Living  upon  a  Physiologic 
Basis.  By  Eminent  Specialists.  Edited  by  \\ 'alter  L.  Pvle,  A.  M., 
M.  D.,  Assistant  Surgeon  to  Wills  Eye  Hospital,  Philadelphia.  Octavo 
volume  of  344  pages,  fully  illustrated.     Cloth,  $1.50  net. 

PROPER   LIVING    UPON   A   PHYSIOLOGIC    BASIS 

The  object  of  this  manual  is  to  set  forth  plainly  the  best  means  of  developing 
and  maintaining  physical  and  mental  vigor.  It  represents  a  thorough  e.xposition 
of  living  upon  a  physiologic  basis.  There  are  chapters  upon  Hygiene  of  the 
Digestive  Apparatus,  Skin  and  its  Appendages,  \'ocal  and  Respirator)-  Apparatus, 
Eye,  Ear,  Brain,  and  Nervous  System,  and  a  chapter  upon  E.xercise. 

Boston  MediceJ  euid  Surgiceil  Journal 

"  The  work  has  been  excellently  done,  there  is  no  undue  repetition,  and  the  writers  have 
succeeded  unusually  well  in  presenting  facts  of  practical  significance  based  on  sound  knowl- 
edge." 


SAUNDERS'    BOOKS    ON 


Crother^* 
Morphinism  and  Narcomania 

Morphinism  and  Narcomania  from  Opium,  Cocain,  Ether,  Chloral, 
Chloroform,  and  other  Narcotic  Drugs ;  also  the  Etiology,  Treatment, 
and  Medicolegal  Relations.  By  T.  D.  Crothers,  M.  D.,  Superintendent 
of  Walnut  Lodge  Hospital,  Hartford,  Conn. ;  Professor  of  Mental  and 
Nervous  Diseases,  New  York  School  of  Clinical  Medicine,  etc.  Hand- 
some i2mo  of  351  pages.      Cloth,  32.00  net. 

INCLUDING   THE   ETIOLOGY.  TREATMENT,  AND   MEDICOLEGAL 

RELATIONS 

The  special  object  of  this  work  has  been  to  group  the  general  facts  and  outline 
some  of  the  causes  and  symptoms  common  to  most  cases,  and  to  suggest  general 
methods  of  treatment  and  prevention.  The  book  gives  a  general  preliminary 
survey  of  this  new  field  of  psycopathy,  and  points  out  the  possibilities  from  a 
larger  and  more  accurate  knowledge,  and  so  indicates  degrees  of  curability  at 
present  unknown. 

The  Lancet,  London 

"An  excellent  account  of  the  various  causes,  symptoms,  and  stages  of  morphinism,  the 
discussion  being  throughout  illuminated  by  an  abundance  of  facts  of  clinical,  psycological, 
and  social  interest." 

Jakob  and  FisherV 

Nervous  System  and  its  Diseases 

Atlas  and  Epitome  of   the  Nervous   System    and  Its  Diseases. 

By  Professor  Dr.  Chr.  Jakob,  of  Erlangen.  Froui  tlie  Second  Revised 
German  Edition.  Edited,  with  additions,  by  Edward  D.  Fisher,  M.  D., 
Professor  of  Diseases  of  the  Nervous  System,  University  and  Bellevue 
Hospital  Medical  College,  New  York.  With  83  plates  and  copious  text. 
Cloth,  $3.50  net.     In  Saicndei's'  Hand-Atlas  Series. 

The  matter  is  divided  into  Anatomy,  Pathology,  and  Description  of  Diseases 
of  the  Nervous  System.  The  plates  illustrate  these  divisions  most  completely  ; 
especially  is  this  so  in  regard  to  pathology.  The  exact  site  and  character  of  the 
lesion  are  portrayed  in  such  a  way  that  they  cannot  fail  to  impress  themselves  on 
the  memory  of  the  reader. 

Philadelphia  Medical  Journal 

"  We  know  of  no  one  work  of  anything  like  equal  size  which  covers  this  important  and 
complicated  field  with  the  clearness  and  scientific  fidehty  of  this  hand-atlas." 


American  Text-Book  of 
Diseases  of  Children 

American  Text=Book  of  Diseases  of  Children.  Edited  bv  Louis 
Starr.  ]\I.  D.,  Consulting  Pediatrist  to  the  [Maternity  Hospital,  etc. ; 
assisted  by  Thompson  S.  Westcott,  M.  D.,  Attending  Physician  to  the 
Dispensary  for  Diseases  of  Children,  Hospital  of  the  University  of  Penn- 
sylvania. Handsome  octavo,  1244  pages,  profusely  illustrated.  Cloth, 
$7.00  net ;  Sheep  or  Half  Morocco,  38.00  net. 

SECOND   REVISED   EDITION 

To  keep  up  with  the  rapid  advances  in  the  field  of  pediatrics,  the  whole  sub- 
ject-matter embraced  in  the  first  edition  has  been  carefully  revised,  new  articles 
added,  some  original  papers  amended,  and  a  number  entirely  rewritten  and 
brought  up  to  date.  The  volume  has  thus  been  increased  in  size  by  a  \tr\ 
considerable  amount  of  fresh  material. 

British  Medical  Jotimal 

'•  May  be  recommended  as  a  thoroughly  trustworthy  and  satisfactory  guide  to  the  subject 
of  the  diseases  of  children." 

Gould  and  Pyle*s 
Curiosities  of  Medicine 

Anomalies  and  Curiosities  of  Medicine.  By  George  M.  Gould, 
M.  D.,  and  Walter  L.  Pyle,  ]\I.  D.  An  encyclopedic  collection  of  rare 
and  extraordinary  cases  and  of  the  most  striking  instances  of  abnormal- 
it}-  in  all  branches  of  Medicine  and  Surger}-,  derived  from  an  exhaustive 
research  of  medical  literature  from  its  origin  to  the  present  day, 
abstracted,  classified,  annotated,  and  indexed.  Handsome  octavo 
volume  of  968  pages,  295  engravings,  and  12  full-page  plates.  Pop- 
ular Edition  :  Cloth,  S3.00  net ;  Sheep  or  Half  ^Morocco,  $4.00  net. 

As  a  complete  and  authoritative  Book  of  Reference,  this  work  \nll  be  of  value 
not  only  to  members  of  the  medical  profession,  but  to  all  persons  interested  in 
general  scientific,  sociologic,  and  medicolegal  topics  ;  in  fact,  the  absence  of  any 
complete  work  upon  the  subject  makes  this  volume  one  of  the  most  important 
literary  innovations  of  the  day. 

New  York  Medical  Jotimal 

"  We  would  gladly  exchange  a  multitude  of  the  relatively  useless  works  which  but  encumber 
all  branches  of  medicine,  for  one  so  comprehensive,  so  exhaustive,  so  able,  and  so  remarkable 
in  its  field  as  this." 


SAUNDERS'    BOOKS   ON 


Hofmann  and  Peterson's 
Le^al  Medicine 

Atlas  of  Legal  Medicine.  By  Dr.  E.  von  Hofmann,  of  Vienna, 
Edited  by  Frederick  Peterson,  M.  D.,  Chief  of  Clinic,  Nervous  De- 
partment, College  of  Physicians  and  Surgeons,  New  York..  With  120 
colored  figures  on  56  plates  and  193  half-tone  illustrations.  Cloth, 
;^3.50  net.     In  Saunders'  Hand-Atlas  Series. 

By  reason  of  the  wealth  of  illustrations  and  the  fidelity  of  the  colored  plates, 
the  book  supplements  all  the  text-books  on  the  subject.  Moreover,  it  furnishes  to 
every  physician,  student,  and  lawyer  a  veritable  treasure-house  of  information. 

The  Practitioner,  London 

"  The  illustrations  appear  to  be  the  best  that  have  ever  been  published  in  connection  with 
this  department  of  medicine,  and  they  cannot  fail  to  be  useful  alike  to  the  medical  jurist  and  to 
the  student  of  forensic  medicine." 

Chapman's 
Medical  Jurisprudence 

Medical  Jurisprudence,  Insanity,  and  Toxicology.  By  Henry  C. 
Chapman,  M.  D.,  Professor  of  Institutes  of  Medicine  and  Medical 
Jurisprudence  in  Jefferson  Medical  College,  Philadelphia.  Handsome 
l2mo  of  329  pages,  fully  illustrated.     Cloth,  ^$1.75  net. 

JUST   ISSUED— THIRD   REVISED   EDITION.    ENLARGED 

This  work  is  based  on  the  author's  practical  experience  as  coroner's  physician 
of  the  city  of  Philadelphia  for  a  period  of  six  years.  Dr.  Chapman's  book, 
therefore,  is  of  unusual  value. 

This  third  edition  has  been  thoroughly  revised  and  greatly  enlarged,  so  as  to 
bring  it  absolutely  in  accord  with  the  very  latest  advances  in  this  important  branch 
of  medical  science.  There  is  no  doubt  it  will  meet  with  as  great  favor  as  the 
previous  editions. 

Journal  of  the  American  Medical  Association  —  In  Rcvicwivg  the  Second  Edition 

"  It  is  an  excellent  manual  in  which  an  accurate  epitome  is  given  of  the  existing  knowledge 
on  the  subject." 


nvciEXE  Axn  child  rex. 


Abbott's 
Transmissible  Diseases 


The  Hygiene  of  Transmissible  Diseases :  Their  Causation,  Modes 
of  Dissemination,  and  Methods  of  Prevention.  By  A.  C.  Abbott,  M.  D., 
Professor  of  Hygiene  and  Bacteriology,  University  of  Pennsylvania. 
Octavo,  351  pages,  with  numerous  illustrations.     Cloth,  ^2.50  net. 

SECOND    REVISED   EDITION 

During  the  interval  that  has  elapsed  since  the  appearance  of  the  first  edition,  in- 
vestigations upon  the  modes  of  dissemination  of  certain  of  the  specific  infections  have 
been  conspicuously  active,  and  through  them  much  new  light  has  been  shed  and  many 
novel  suggestions  have  been  made.  Wherever  practicable,  these  views  have  been 
embodied  and  discussed.  The  sections  especially  on  Malaria,  Yellow  Fever,  Plague, 
Filariasis,  Dysentery,  and  Tuberculosis  have  been  both  revised  and  enlarged. 

The  Lancet,  London 

"  We  heartily  commend  the  book  as  a  concise  and  trustworthy  guide  in  the  subject  with 
which  it  deals,  and  we  sincerely  congratulate  Professor  Abbott  on  having  written  so  valuable  a 
work." 

Griffith's 
Care  of  the  Baby 

The  Care  of  the  Baby.  By  J.  P.  Crozer  Griffith,  M.  D.,  Clinical 
Professor  of  Diseases  of  Children,  University  of  Pennsylv^ania  ;  Physician 
to  the  Children's  Hospital,  Philadelphia,  etc.  i2mo  of  436  pages.  Illus- 
trated.    Cloth,  $\.^o. 

JUST  ISSUED  — THIRD  EDITION.  THOROUGHLY  REVISED 

•  The  author  has  endeavored  to  furnish  a  reliable  guide  for  mothers  anxious  to 
inform  themselves  with  regard  to  the  best  way  of  caring  for  their  children  in  sick- 
ness and  in  health.  He  has  made  his  statements  plain  and  easily  understood,  in 
the  hope  that  the  volume  may  be  of  ser\-ice  not  only  to  mothers  and  nurses,  but 
also  to  medical  students  and  to  practitioners  whose  opportunities  for  observing 
children  have  been  limited. 

New  York  Medical  Journal 

"We  are  confident  if  this  little  work  could  find  its  way  into  the  hands  of  every  trained 
nurse  and  of  every  mother,  infant  mortality  would  be  lessened  by  at  least  fifty  per  cent." 


SAUNDERS'    BOOKS   ON 


Golebiewski  an^  Bailey*s 
Accident  Diseases 


Atlas  and  Epitome  of  Diseases  Caused  by  Accidents.     By  Dr.  Ed, 

Golebiewski,  of  Berlin.  Edited,  with  additions,  by  Pearce  Bailey, 
M.  D.,  Attending  Physician  to  the  Almshouse  and  Incurable  Hospitals, 
New  York.  With  71  colored  illustrations  on  40  plates,  143  text-illus- 
trations, and  549  pages  of  text.  Cloth,  ^4.00  net.  Li  Saimders'  Hand- 
Atlas  Series. 

This  work  contains  a  full  and  scientific  treatment  of  the  subject  of  accident 
injury  ;  the  functional  disability  caused  thereby  ;  the  medicolegal  questions  in- 
volved, and  the  amount  of  indemnity  justified  in  given  cases.  The  work  is 
indispensable  to  every  physician  who  sees  cases  of  injury  due  to  accidents,  to 
advanced  students,  to  surgeons,  and,  on  account  of  its  illustrations  and  statistical 
data,  it  is  none  the  less  useful  to  accident-insurance  organizations. 

The  Medical  Record,  New  York 

"  This  volume  is  upon  an  important  and  only  recently  systematized  subject,  which  is  grow- 
ing in  extent  all  the  time.     The  pictorial  part  of  the  book  is  very  satisfactory." 

Stoney's 
Materia  Medica  for  Nurses 

Practical  Materia  Medica  for  Nurses,  with  an  Appendix  containing 
Poisons  and  their  Antidotes,  with  Poison-Emergencies  ;  Mineral  Waters  ; 
Weights  and  Measures  ;  Dose-List,  and  a  Glossary  of  the  Terms  used 
in  Materia  Medica  and  Therapeutics.  By  Emily  A.  M.  Stoney,  Super- 
intendent of  the  Training  School  for  Nurses  at  the  Carney  Hospital, 
South  Boston,  Mass.  Handsome  octavo  volume  of  306  pages.  Cloth, 
^1.50  net. 

The  present  book  differs  from  other  similar  works  in  several  features,  all  of 
which  are  intended  to  render  it  more  practical  and  generally  useful.  The  consid- 
eration of  the  drugs  includes  their  names,  their  sources  and  composition,  their 
various  preparations,  physiologic  actions,  directions  for  handling  and  administer- 
ing, and  the  symptoms  and  treatment  of  poisoning. 

Journal  of  the  American  Medical  Association 

"  So  far  as  we  can  see,  it  contains  everything  that  a  nurse  ought  to  know  in  regard  to  drugs. 
As  a  reference-book  for  nurses  it  will  without  question  be  very  useful." 
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Davis*  Obstetric  and 
Gynecologic  Nursing 

Obstetric  and  Gynecologic  Nursing.  By  Edward  P.  Davis,  A.  M., 
M.D.,  Professor  of  Obstetrics  in  the  Jefferson  Medical  College  and 
Philadelphia  Polyclinic ;  Obstetrician  and  Gynecologist,  Philadelphia 
Hospital.      i2mo  of  400  pages,  illustrated.      Buckram,  $1.75  net. 

This  volume  is  designed  for  the  obstetric  and  gynecologic  nurse.  Obstetric 
nursing  demands  some  knowledge  of  natural  pregnancy  and  of  the  signs  of  acci- 
dents and  diseases  which  may  occur  during  pregnancy.  It  also  requires  knowledge 
and  experience  in  the  care  of  the  patient  and  child.  Gynecologic  nursing  is  really 
a  branch  of  surgical  nursing,  and  as  such  requires  special  instruction  and  training. 
This  volume  presents  this  information  in  the  most  convenient  form. 

The  Lancet,  London 

"Not  only  nurses,  but  even  newly  qualified  medical  men,  would  learn  a  great  deal  by  a 
perusal  of  this  book.  It  is  written  in  a  clear  and  pleasant  style,  and  is  a  work  we  can  recom- 
mend." 

Watson's  Nursing 

A  Handbook  for  Nurses.  By  J.  K.  Watson,  M.D.,  Edin.  Assistant 
House-Surgeon,  Sheffield  Royal  Hospital.  American  Edition,  under 
the  supervision  of  A.  A.  Stevens,  A.  M.,  ]\I.  D.,  Professor  of  Patholog>% 
Women's  Medical  College,  Philadelphia.  i2mo,  413  pages,  Ji  illustra- 
tions.    Cloth,  $1.50  net. 

This  work  aims  to  supplv  in  one  volume  that  information  which  so  many  nurses 
at  the  present  time  are  tn,'ing  to  extract  from  various  medical  works,  and  to  present 
that  information  in  a  suitable  form.  Nurses  must  necessarily  acquire  a  certain 
amount  of  medical  knowledge,  and  the  author  of  this  book  has  aimed  judiciously 
to  cater  to  this  need  with  the  object  of  directing  the  nurses'  pursuit  of  medical 
information  in  proper  and  legitimate  channels. 

Journal  of  the  American  Medical  Association 

"  The  intelligent  nurse  will  find  this  a  most  convenient  manual,  and  there  are  many  things 
in  it  that  the  physician  might  find  of  use.  In  recommending  text-books  to  nurses  it  could  be 
put  in  the  first  rank." 
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Stoney's  Nursing 


Practical  Points  in  Nursing :  for  Nurses  in  Private  Practice.  By 
Emily  A.  M.  Stoney,  Superintendent  of  the  Training  School  for  Nurses 
at  the  Carney  Hospital,  South  Boston,  Mass.  466  pages,  fully  illus- 
trated.    Cloth,  ti.y^  net. 

JUST  ISSUED  — THIRD  EDITION,  THOROUGHLY  REVISED 

In  this  volume  the  author  explains  the  entire  range  of  private  nursing  as  dis- 
tinguished from  hospital  nursing,  and  the  nurse  is  instructed  how  best  to  meet  the 
various  emergencies  of  medical  and  surgical  cases  when  distant  from  medical  or 
surgical  aid  or  when  thrown  on  her  own  resources.  An  especially  valuable  feature 
will  be  found  in  the  directions  how  to  ifnprovise  everything  ordinarily  needed  in  the 
sick-room. 

The  Lancet.  London 

"A  very  complete  exposition  of  practical  nursing  in  its  various  branches,  including  obstetric 
and  gynecologic  nursing.     The  instructions  given  are  full  of  useful  detail." 


Stoney*s  Bacteriology  and 
Surgical  Technic  for  Nurses 


Bacteriology  and  Surgical  Technic  for  Nurses.  By  Emily  A.  M. 
Stoney,  Superintendent  of  the  Training  School  for  Nurses  at  the 
Carney  Hospital,  South  Boston,  Mass.  i2mo,  200  pages,  profusely 
illustrated.     Cloth,  $1.25   net. 

The  work  is  intended  as  a  modern  text-book  on  Surgical  Nursing  in  both  hos- 
pital and  private  practice.  The  first  part  of  the  book  is  devoted  to  Bacteriology 
and  Antiseptics  ;  the  second  part  to  Surgical  Technic,  Signs  of  Death,  and 
Autopsies.  The  matter  in  the  book  is  presented  in  a  practical  form,  and  will 
prove  of  value  to  all  nurses  who  are  called  upon  to  attend  surgical  cases. 

Trained  Nurse  and  Hospital  Review 

"  These  subjects  are  treated  most  accurately  and  up  to  date,  without  the  superfluous  reading 
which  is  so  often  employed.  .  .  .  Nurses  will  find  this  book  of  the  greatest  value  both  during 
their  hospital  course  and  in  private  practice." 
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American  Pocket  Dictionary  Third  Edition.  Reviaed 

American  Pocket  Medical  Dictu^nary.  Edited  by  W.  A.  New- 
man Borland,  M.  D.,  Assistant  Obstetrician  to  the  Hospital  of  the 
University  of  Pennsylvania.  Containing  the  pronunciation  and  defini- 
tion of  the  principal  words  used  in  medicine  and  kindred  sciences,  with 
64  extensive  tables.  Handsomely  bound  in  flexible  leather,  with  gold 
edges,  $1.00  net;  with  patent  thumb  index,  ^1.25  net. 

"  I  can  recommend  it  to  our  students  without  reserve." — J.  H.  HOLLAND,  M.  D.,  Dean 
of  the  Jefferson  Medical  College,  Philadelphia. 

Warwick  and  Tunstall's  First  Aid 

First  Aid  to  the  Injured  and  Sick.  By  F.  J.  Warwick,  B.  A., 
M.  B.  Cantab.,  Associate  of  King's  College,  London;  and  A.  C.  Tun- 
stall,  M.  D.,  F.  R.  C.  S.  Edin.,  Surgeon-Captain  Commanding  the  East 
London  Volunteer  Brigade  Bearer  Company.  i6mo  of  232  pages  and 
nearly  200  illustrations.     Cloth,  $1.00  net. 

"  Contains  a  great  deal  of  valuable  information  well  and  tersely  expressed.  It  will 
prove  especially  useful  to  the  volunteer  first  aid  and  hospital  corps  men  of  the  National 
Guard." — Journal  American  Medical  Association. 

Saunders'  American  Year-Book 

Ajmerican  Year-Book  of  Medicine  and  Surgery.  A  Yearly  Digest 
of  Scientific  Progress  and  Authoritative  Opinion  on  all  Branches  of 
Medicine  and  Surgery,  drawn  from  journals,  monographs,  and  text-books 
of  the  leading  American  and  foreign  authors  and  investigators.  Arranged, 
with  critical  editorial  comments,  by  eminent  American  specialists,  under 
the  editorial  charge  of  George  M.  Gould,  A.  M.,  M.  D.  In  two 
volumes:  Vol.  I. — General  Medicine,  octavo,  715  pages,  illustrated; 
Vol.  II.  —  General  Surgery,  octavo,  684  pages,  illustrated.  Per  volume  : 
Cloth,  ^3.00  net;  Sheep  or  Half  Morocco,  $3.75  net.  Sold  by  Sub- 
scription. 

"  It  is  much  more  than  a  mere  compilation  of  abstracts,  for,  as  each  section  is  entrusted 
to  experienced  and  able  contributors,  the  reader  has  the  advantage  of  certain  critical 
commentaries  and  expositions  .  .  .  proceeding  from  writers  fully  qualified  to  perform 
these  tasks." — The  Lancet,  London. 

e»t_  mT  i^*  J    ¥  'x  Third  Edition, 

Shaw  on  Nervous  Diseases  and  Insanity  Revised 

Essentials   of  Nervous   Diseases   and  Insanity  :    their  Symptoms 

and  Treatment.     A  Manual  for  Students  and  Practitioners.     By  the  late 

John  C.  Shaw,  M.  D.,  Clinical  Professor  of  Diseases  of  the  Mind  and 

Nervous  System,  Long  Island  College  Hospital,  New  York.      i2mo  of 

204  pages,  illustrated.     Cloth,  $1.00  net.     In  Saunders''  Question- Cojn- 

pend  Series. 

"Clearly  and  intelligently  written ;  we  have  noted  few  inaccuracies  and  several  sug- 
gestive points.     Some  affections  unmentioned  in  many  of  the  large  text-books  are  noted." 

— Boston  Medical  and  Surgical  Journal. 

Chapin's  Insanity 

A  Compendium  of  Insanity.  By  John  B.  Chapin,  M.  D.,  LL.D., 
Physician-in-Chief,  Pennsylvania  Hospital  for  the  Insane ;  Honorary- 
Member  of  the  Medico-Psychological  Society  of  Great  Britain,  of  the 
Society  of  Mental  Medicine  of  Belgium,  etc.  i2mo,  234  pages,  illus- 
trated.     Cloth,  $1.25  net. 

"  It  is  not  a  made  book,  but  a  genuine  condensed  thesis,  which  has  all  the  value  of  ripe 
opinion  and  all  the  charm  of  a  vigorous  and  natural  style." — Philadelphia  Aledical  Journal. 


SAUNDERS   BOOKS   ON  CHILDREN. 


Griffith's  Weight  Chart 

Infants'  Weight  Chart.  Designed  by  J.  P.  Crozer  Griffith, 
M.  D.,  Clinical  Professor  of  Diseases  of  Children  in  the  University  of 
Pennsylvania;  Physician  to  the  Children's  Hospital,  to  the  Methodist 
Episcopal  Hospital,  and  to  St.  Agnes'  Hospital,  Philadelphia.  25  charts 
in  each  pad.     Price  per  pad,  50  cents  net. 

Printed  on  each  chart  is  a  curve  representing  the  average  weight  of  a  healthy  infant, 
so  that  any  deviation  from  the  normal  can  readily  be  detected. 


Poweirs  Diseases  of  Children  Third  Edition,  Revised 

Essentials  of  the  Diseases  of  Children.  By  William  M.  Powell, 
M.  D.,  author  of  "  Saunders'  Pocket  Medical  Formulary,"  etc.  Revised 
by  Alfred  Hand,  Jr.,  A.  B.,  M.  D.,  Dispensary  Physician  and  Pathol- 
ogist to  the  Children's  Hospital,  Philadelphia.  i2mo  volume  of  259 
pages.      Cloth,  ^i.oo  net.     In  Saunders'   Question- Cojnpend  Series. 

"  One  of  the  best  books  of  this  excellent  Question  Series,  and  one  which  will  prove 
very  popular." — TAe  Medical  World,  Philadelphia. 


Starr's  Diets  for  Infants  and  Children 

Diets  for  Infants  and  Children  in  Health  and  in  Disease.  By 
Louis  Starr,  M.  D.,  Consulting  Pediatrist  to  the  Maternity  Hospital, 
Philadelphia;  editor  of  "American  Text-Book  of  the  Diseases  of  Chil- 
dren." 230  blanks  (pocket-book  size),  perforated  and  neatly  bound 
in  flexible  Morocco,  $1.25  net. 

"  The  diets  are  various  and  well  selected,  and  are  adapted  to  children  of  all  ages.  At 
the  end  of  the  book  are  a  few  simple  recipes  which  can  be  detached  and  given  to  the 
nurse." — British  Medical  Journal. 

Grafstrom*s  Mechano-Therapy 

A  Text-Book  of  Mechano-therapy  (Massage  and  Medical  Gymnas- 
tics). By  Axel  V.  Grafstrom,  B.  Sc,  M.  D.,  late  House  Physician, 
City  Hospital,  Blackwell's  Island,  New  York.  i2mo,  139  pages,  illus- 
trated.    Cloth,  $1.00  net. 

"  Certainly  fulfills  its  mission  in  rendering  comprehensible  the  subjects  of  massage  and 
medical  gymnastics." — New  York  Aiedical  Journal. 

Mei|(s*  Feeding  in  Infancy 

Feeding  in  Early  Infancy.  By  Arthur  V.  Meigs,  M.  D.,  Physician 
to  the  Pennsylvania  Hospital,  Philadelphia.  Bound  in  limp  Cloth,  flush 
edges,.  25  cents  net. 


COLUMBIA  UNIVERSITY  LIBRARIES 

This  book  is  due  on  the  date  indicated  below,  or  at  the 
expiration  of  a  definite  period  after  the  date  of  borrowing-, 
as  provided  by  the  rules  of  the  Library  or  by  special  ar- 
rangement with  the  Librarian  in  charge. 


DATE  BORROWED 


.DATE  DUE 


DATE  BORROWED 


C2e<1  140)M100  I 


v^^^ 


I!lltlliiillilllil!!!ll! 


I'litiiMiiitiiiiiii'MMiiiiiiimMiiiiiiiii 


